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Welcome letter
Dear participant,
It is a great honor to welcome you to Ouargla for the 2nd International Conference on Artificial Intelligence and Information
Technology, ICA2IT 2019.
The recent advances in IT and AI are reshaping our future in many ways. The techniques developed can represent a real
lever for the economy and help resolving many real-life problems ranging from diagnosis and decision making in medicine
to imagining and designing tomorrows’ smart homes and cities, going through dealing with the challenging big data issues,
and ensuring the safety of places and people.
Following the success of the first edition ICA2IT 2014, the current edition ICA2IT 2019 aims to be an important meeting
for researchers, professionals and industrials to promote and exchange experiences and ideas on recent trends in artificial
intelligence, information technology and related areas. It tries to provide researchers and scientists from all around the world
with an exchange forum on the latest developments in the area of Information Technology, Image Processing, Artificial
Intelligence, Big Data and related issues. It emphasizes on recent trends of research and development, and aims at enabling
participants to exchange ideas, identify problems, present solutions, and initiate serious and lasting collaboration.
On behalf of the organizing committee of ICA2IT 2019, we would like to express our highest appreciation and sincere
welcome to all the speakers, guests, authors and attendees. Your participation in this conference is an important witness of
how the topics of the conference are attracting to many researchers, professionals and students encouraging them to pursue
innovations in these emerging areas. We hope ICA2IT 2019 will allow you to exchange fruitful new ideas with people sharing
the same goals and thoughts.
We also express our highest appreciation for all those who contributed to the success of this event: conference chairs,
organizing committee, technical program committee and faculty staff for their dedication and hard work.
Welcome to Ouargla.
ICA2IT’2019 Chair

iii

Program committee
Abdelgawad Ahmed, Central Michigan University, USA
Aiadi Oussama, University of Ouargla, Algeria
Aimeur Esma, University of Montreal, Canada
Akli-Astouati Karima, USTHB, Algeria
Aliane Hassina, CERIST, Algeria
Allili Mohand Saïd, UQO, Canada
Amroune Mohamed, University of Tebessa, Algeria
Atmani Baghdad, University of Oran1, Algeria
Babahenini Mohamed Chaouki, University of Biskra, Algeria
Batouche Mohamed, University of Constantine, Algeria
Belkadi Khaled, USTO, Algeria
Bellaouar Slimane, University of Ghardaïa, Algeria
Belloulata Kamel, University of Sidi-Bel-Abbes, Algeria
Benatchba Karima, ESI, Algeria
Bendraouche Mohamed, University of Blida, Algeria
Benmohamed Mohamed, University of Constantine, Algeria
Benslimane Sidi Mohamed, University of Sidi-Bel-Abbes
Bentaleb Abdelhak, National University of Singapore
Berrachedi Abdelhafid, USTHB, Algeria
Biskri Ismaïl, UQTR, Canada
Bouabdallah Abdelmadjid, University of Technology of
Compiègne, France
Bouchemakh Isma, USTHB, Algeria
Terrissa Labib, University of Biskra, Algeria
Boufaida Zizette, University of Constantine, Algeria
Bouguettaya Athman, University of Sydney, Australia
Boukhalfa Kamel, USTHB, Algeria
Boualleg Ahcène, University of Guelma, Algeria
Bouroubi Sadek, USTHB, Algeria
Bouzefrane Samia, CNAM, France
Chama Wafa, University of Ouargla, Algeria
Chergui Mohamed El Amine, USTHB, Algeria
Cheriet Mohamed, ÉTS, Canada
Debbabi Mourad, Concordia University, Canada
Derbal-Amieur Khalissa, USTHB, Algeria
Djebaili Karima, University of Ouargla, Algeria
Djenouri Djamel, CERIST, Algeria
Djoudi Mahieddine, University of Poitiers, France
Ferrag Mohamed Amine, University of Guelma, Algeria
Ghorbel Faouzi, ENSI, Tunisia
Hadid Abdenour, University of Oulu, Finland
Kadri Benamar, University of Tlemcen, Algeria
Kazar Okba, University of Biskra, Algeria
Kerdoudi Mohamed Lamine, University of Biskra, Algeria
Khaldi Amine, University of Ouargla, Algeria
Lee Gyu Myoung, Liverpool John Moores University, UK
Kherfi Mohammed Lamine, University of Ouargla, Algeria
Khoukhi Lyes, University of Troyes, France
Koudil Mouloud, ESI, Algeria
Ladid Latif, University of Luxembourg, Luxembourg
Laouamer Lamri, Qasim University, KSA
Laskri Mohamed Tayeb, University of Annaba, Algeria
Mahdaoui Latifa, USTHB, Algeria
Mcheick Hamid, UQAC, Canada
Meraoumia Abdellah, University of Tebessa, Algeria
Mezati Messaoud, University of Ouargla, Algeria
Moussaoui Abdelouahab, University of Setif, Algeria
Oulamara Ammar, University of Lorraine, France

iv

Ahriz Hatem, Robert Gordon University, Scotland
Aïder Méziane, USTHB, Algeria
Ait Ameur Yamine, IRIT/ENSEEIHT, France
Alao Ali, Nigeria Defence Academy
Alimazighi Zaïa, USTHB, Algeria
Ameur Khadidja, University of Ouargla, Algeria
Atif Yacine, Skövde University, Sweden
Ayache Madjid, INSA Lyon, France
Bachir Abdelmalik , University of Biskra, Algeria
Bekrar Abdelghani, University of Valenciennes, France
Belkebir Djalila, University of Ouargla, Algeria
Bellatreche Ladjel, ENSMA, France
Ben Othman Jalel, University of Paris13, France
Bendjenna Hakim, University of Ouargla, Algeria
Benferhat Salem, Artois University, France
Bennouar Djamal, University of Bouira, Algeria
Bentabet Layachi, Bishop’s University, Canada
Benyoucef Morad, University of Ottawa, Canada
Bilami Azeddine, University of Batna, Algeria
Bitam Salim, University of Biskra, Algeria
Bouanane Khadra, University of Ouargla, Algeria
Boudhar Mourad, USTHB, Algeria
Boufaida Mahmoud, University of Constantine, Algeria
Boughaci Dalila, USTHB, Algeria
Bouhadada Tahar, University of Annaba, Algeria
Boukhamla Akram, University of Ouargla, Algeria
Bouridane Ahmed, Northumbria University, UK
Boussaid Omar, University Lyon2, France
Chaïb Noureddine, University of Laghaouat, Algeria
Chaoui Allaoua, University of Constantine, Algeria
Cheriet Abdelhakim, University of Ouargla, Algeria
Chitroub Salim, USTHB, Algeria
Debbagh Farah, University of Ouargla, Algeria
Derhab Ahmed Abdelouhid, King Saud University, KSA
Djeffal Abdelhamid, University of Biskra, Algeria
Djerou Leila, University of Biskra, Algeria
El-Zaart Ali, Beirut Arab University, Lebanon
Gherbi Abdelouhed, ÉTS, Canada
Hachouf Fella, University of Constantine, Algeria
Hadjam Rachid, Sultan Qaboos University, Oman
Kahloul Laïd, University of Biskra, Algeria
Kechida Sihem, University of Guelma, Algeria
Khadraoui Abdelaziz, University of Geneva, Switzerland
Khaldi Belal, University of Ouargla, Algeria
Kherallah Monji, University of Sfax, Tunisia
Kholladi Mohamed-Khireddine, University of El Oued
Kimour Tahar, University of Annaba, Algeria
Laallam Fatima Zohra, University of Ouargla, Algeria
Laga Hamid, Murdoch University, Australia
Laraba Mohamed El Habib, University of Constantine
Maamri Ramdane, University of Constantine, Algeria
Mahey Philippe, Blaise Pascal University, France
Merabti Hocine, LABSTIC, Algeria
Merniz Salah, University of Constantine, Algeria
Miloud Chikr El Mezouar, University Djillali Liabes
Oulad Naoui Slimane, University of Ghardaïa, Algeria
Ould Khaoua Mohamed, University of Blida, Algeria

Pathan El-Sakib Khan, Southeast University, Bangladesh

Panchal Gaurang, Charotar University of Science and
Technology, India
Ruhul Amin, International Institute of Information
Technology, India
Sagahyroun Assim, American University of Sharjah, UAE
Sais Lakhdar, Artois University, France
Santana Roberto, University of the Basque Country, Spain
Tabbone Salvator-Antoine, University of Lorraine, France
Tibermacine Okba, Al Jouf University, KSA

Romdhani Imed, Edinburgh Napier University, United
Kingdom
Saba Djamel, URER-MS, Algeria
Said Bachir, University of Ouargla, Algeria
Samaï Djamel, University of Ouargla, Algeria
Seba Hamida, Claude Bernard University, France
Taleb-Ahmed Abdelmalik, University of Valenciennes and
Hainaut-Cambrésis, France
Zaidi Sahnoun, University of Constantine, Algeria
Zerhouni Noureddine, ENSMM, France
Ziou Djemel, University of Sherbrooke, Canada

Zarour Nacereddine, University of Constantine, Algeria
Zernadji Tarek, University of Biskra, Algeria

v

Honorary chair



Halilat Mohamed Tahar, president of University of Ouargla.
Aiadi Kamel Eddine, Dean of the Faculty of New Technologies of Information and
Communication.

Conference Chair


Kherfi Mohammed Lamine, University of Ouargla

Organizing Committee Co-Chairs





Bouanane Khadra, University of Ouargla, Algeria
Meflah Mohamed Salim, University of Ouargla, Algeria
Laallam Fatima Zohra, University of Ouargla, Algeria
Saïd Bachir, University of Ouargla, Algeria

Organizing Committee












































Aiadi Oussama
Ameur Khadidja
Amirat Hanane
Bekkari Fouad
Belhadj Mourad
Belila Djilali
Belkebir Djalila
Benbeziane Mohamed
Benhbireche Halima
Benkaddour Kamel
Benkhelifa Randa
Benkherourou Chafika
Benmir Abdelkader
Bensaci Ramla
Bouazza Halima
Bouhyaoui Nasria
Boukhamla Akram
Chama Wafa
Chebbara Fouad
Cheraa Saadeddine
Cheriet Abdelhakim
Debbagh Farah
Degha Houssem
Djebaili Karima

vi

Euschi Salah
Hamrouni Lamis
Herrouz Abdelhakim
Kafi Redouane
Kahlessnane Fares
Kaoudja Zineb
Khaldi Amine
Khaldi Belal
Korichi Aïcha
Korichi Meriem
Korichi Wassila
Mahdjoub Mohamed Bachir
Merzougui Naïma
Mezati Messaoud
Saadi Wafaa
Toumi Chahrazed
Zga Adel
Zitouni Farouk

Presented keynotes
Keynote 1: "Online Learning for Big Data" presented by: Prof. Bouchachia Abdelhamid
Prof. Abdelhamid Bouchachia is Professor at Bournemouth University, Department of Computing, UK. His major research
interests include Machine Learning and computational intelligence with a particular focus on scalable online/incremental
learning, semi-supervised and active learning, prediction systems, and uncertainty modelling. He published numerous papers
in international journals and conferences and edited several special issues and volumes. He founded and served as the general
chair of the International Conference on Adaptive and Intelligent Systems (ICAIS) for many years. He currently serves as
program committee member for many conferences and is acting as Associate Editor of Evolving Systems as well as member
of Evolving Intelligent Systems (EIS) Technical Committee (TC) of the IEEE Systems, Man and Cybernetics Society and
member of the IEEE Task-Force for Adaptive and Evolving Fuzzy Systems and the IEEE Computational Intelligence Society.
Abstract:
With the emergence of Internet of Things (IoT) and Big Data, research around learning from data streams has witnessed
an ever-increasing prominence. Typically, a wide range of applications exploit data streams for decision making, including
internet traffic, surveillance, industrial monitoring, environment monitoring, health monitoring, etc. Due to their sequential
nature, data streams call specifically for a particular class of machine learning algorithms, namely online learning algorithms,
to cope with their dynamic evolution. In this talk, we will overview online learning and its relevance. We then cover some
recent advances related to online regression, clustering and classification. Moreover, we will discuss online active learning,
distributed machine learning, and deep learning. We will highlight some of the typical applications where these online
learning paradigms are applied.

Keynote 2: "What can we really do with big data: a panorama of some scientific
advances" presented by: Prof. Omar Boussaid
:
Prof. Omar BOUSSAID is full Professor of Computer Science at the Institute of Communication of the Lyon 2 University
in France. His main work is in the field of Business Intelligence (BI), and more specifically about the storage and exploitation
of complex data. His current research focuses on the evolution of BI in the Big Data environment. The management of massive data around Data Lakes, the design of distributed warehouses including NoSQL, Cloud BI, Semantic analysis through
Text OLAP, Social OLAP and Graph OLAP, constitute the various research themes on which his scientific animation and scientific supervision of different PhD theses, are based. His work has been published in more than 150 articles in international
journals and international conferences. He is a member of several Program Committees of international journals and international conferences. He evaluated several research projects. He is a founding member of the EDA conference of which he
is a member of the Steering Committee. He is also co-founder of the Maghrebin conference on Advanced Decision-Making
Information Systems (ASD), and is also a member of its Steering Committee. Furthermore, he is director of the master of
Business Intelligence & Big data.
Abstract:
New information technologies bring a new era to information systems and have a significant impact on them. New
challenges emerge in the scientific and technological research provoked by the craze around Data, and more particularly
around Big data. The data poses many challenges related to its exploitation. Collecting and storing very large volumes of
data requires new distributed approaches that come with many scientific locks. The new technologies of NoSQL databases
are appropriate for the different types of big data. But, their deployments are also real challenges. Big data is defined in many
ways. The data variety makes the data mostly unstructured; which results in a need for new approaches to explore them. The
different existing processes need to be redesigned. Their evolution also raises new scientific obstacles as soon as they are
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projected in the context of Big Data. A panorama of already achieved research work will allow to perceive some progress.
However, many problems remain open. Big data opens up new issues of investigation and promises real challenges, which
will enable information technologies to evolve towards new perspectives in the professional.

Keynote 3: "The Rise of Artificial Intelligence: Benefits and Risks" presented by:
Prof. Ahmed Bouridane
Prof. Ahmed Bouridane received the "Ingenieur d’Etat" degree in electronics from "Ecole Nationale Polytechnique" of
Algiers (ENPA), Algeria, in 1982, the M.Phil. degree in electrical engineering (VLSI design for signal processing) from the
University of Newcastle-Upon-Tyne, U.K., in 1988, and the Ph.D. degree in electrical engineering (computer vision) from
the University of Nottingham, U.K., in 1992. From 1992 to 1994, he worked as a Research Developer in telesurveillance and
access control applications. In 1994, he joined Queen’s University Belfast, Belfast, U.K., initially as Lecturer in computer
architecture and image processing and later on he was promoted to Reader in Computer Science. He is now a full Professor
in Image Engineering and Security at Northumbria University at Newcastle (UK), and his research interests are in imaging
for forensics and security, biometrics, homeland security, image/video watermarking and cryptography. He has authored and
co-authored more than 250 publications and one research book. Prof. Bouridane is a Senior Member of IEEE. He has an
H-index of 31.
Abstract:
Artificial Intelligence (AI) refers to the ability of a computer program/machine to think and learn like a human. AI
applications already pervade many industries, bringing potential benefits that have been predicted to massively increase
economic growth rate in a number of developed economies. However, the introduction of such innovative technology also
brings new challenges. This seminar identifies some of the emerging risk issues around the growing implementation of AI and
examines current and possible future implications of so-called "strong" AI, outlining potential benefits and areas of concern
and their potential impact of AI in the security and defense industry.
Existing AI applications are built around so-called "weak" AI agents, which exhibit cognitive abilities in specific areas,
such as driving a car, solving a puzzle or recommending products/actions. With the first tangible benefits of "weak" AI applications already being deployed across many industries, expectations for AI technology are rising and more development
investments are being allocated in order to anticipate the benefits of more human-like or "strong" AI in future. Its introduction especially with the current Deep Neural Network technology will most likely be unprecedentedly disruptive to current
business models.
This seminar will first define and describe the concept of AI and a history of its development given. The operation of an
AI system will then be given followed by a discussion of the dangers and benefits of the technology in light of the recent
advances including the concept of Deep learning technology.
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Abstract—Semi-Supervised Clustering (SSC) is a largely unsupervised learning task that seeks to guide the clustering process
through constraint, and combines several methods with different
approaches. In this work, our interest is more focused on the
semi-supervised clustering with constraint approaches, and more
particularly those based on the pairwise constraint. This paper
establishes a comparative study between 3 algorithms mainly:
the Constrained K-means algorithm which applies constraint
of comparison between pairs of objects, called COP-KMEANS,
the Semi-supervised kernel clustering with relative distance
Algorithm (SKLR) and the Semi-supervised Kernel Mean Shift
clustering Algorithm (SKMS). Experimental results indicate that
the semi-supervised kernel Mean Shift clustering method can
generally outperform the other semi-supervised methods. The
experimental study shows that the use of constraint can improve
performance especially when the number of available labeled
examples is insufficient to build a decision model.
Index Terms—Semi-Supervised Clustering, learning constraint,
pairwise constraint, COP K-means, Kernel Mean Shift Clustering, Kernel clustering with Relative distance.

I. I NTRODUCTION
In the context of semi-supervised learning, the techniques
are grouped together taking into account all the partially
labeled samples. We, therefore, note the learning sample S
composed of a supervised sample Ssup and an unsupervised
Sunsup :
S = Ssup ∪ Sunsup .

In recent years, the unsupervised learning or clustering has
been addressed by various researchers; most of these works are
interested in integrating constraint into these methods. These
constraint can be generated from prior knowledge of the data
[1], or from a subset of labeled data [2]. Taking this knowledge
into account in a clustering process, represents a new field of
study in machine learning known as constraint classification
[3]. In addition, incorporating prior knowledge into clustering

processes has gained momentum in a number of real-world
applications such as face recognition via surveillance cameras
[4], the refinement of GPS maps [5] and landscape detection
in hyper-spectral data [6] [7].
Moreover, during these last ten years, a lot of works on the
integration of constraint in the unsupervised learning methods
are seen to be of great interest [8]–[10]. They represent a new
field of study in semi-supervised learning recognized as semisupervised learning with constraint.
In our work, we are interested in the study of the semisupervised clustering approaches with constraint classification
of medical data. To do this, we carry out a comparative
study of three recent semi-supervised constraints techniques:
cop-kmeans [5], the semi-supervised Mean Shift clustering
[11] and the semi-supervised kernel clustering with relative
distance [12]. The objective is to discuss and analyze moreover the influence of the pairwise constraint (Must-Link and
Cannot-Link) on the performances of clustering by carrying
out experiments with different percentages of labeled examples.
The study is conducted on 6 medical data sets selected
from the UCI repository [13], and the paper is structured as
follows: we briefly present the main types of semi-supervised
clustering constraint in Section 2. Subsequently, section 3
will summarize the state of the art of the different types of
constraint and methods used in semi-supervised clustering.
Section 4 details the principles of the three semi-supervised
clustering techniques chosen for the comparative study. In
section 5, we discuss the experimental results obtained by
the comparative study on different medical datasets. Finally, a
general conclusion and prospects of the work come to close
this paper.
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II. C ONSTRAINT CLUSTERING

characteristic in the literature.

Constraint clustering is an important task in the data mining
process. It allows modeling more finely the clustering task by
integrating constraint of users. See figure Fig.1.

Fig. 1. The different types of constraint

Several types of constraint can be considered [14]; they can
be related to clusters, such as their diameter or size, or can be
related to pairs of objects that must be in the same class or
not. A constraint can also depend on the type of information
that is manipulated, the latter can take several forms.

– Minimum capacity constraint : Methods that use
constraint on groups of objects, which are expanded
to avoid solutions containing empty groups. This approach imposes constraint on the structure of groups.
As a result, it is possible to specify a minimum
number of objects for each group.
– Maximum capacity constraint : The use of this
type of constraint is most often applied by nonsupervised learning algorithms of the hierarchical
grouping type. Consequently, from the created hierarchy, it is possible to select groups of adapted
objects making it possible to enforce the defined
constraint.
C. Features constraint :
Prior knowledge can be interpreted as information dependent on the characteristics of objects. These constraint
make it possible to orient the classification of objects
according to their values for a given feature.

A. Global constraint

D. Objects constraint :

If the information is of structural form on the data, in this
case there are 4 ways to proceed :

In 1984, Bejar and Cortes [16] developed a constrained
hierarchical classification algorithm incorporating feature
constraint. Object constraint define boundaries on
individual pairs of objects. This type of prior knowledge
about data is usually provided in three forms:

•

•

•

•

Adding position attributes: This method makes it
possible to add a notion of spatial location in a set of
data, this is done in a way to add positional attributes for
each object.
Duplication of neighbors: This duplication technique is
based on the notion of neighborhood in terms of distance
dij in D dimensions (with i 6= j). It makes it possible to
increase the size of the vector attribute of an object with
the addition of one or more sets of attributes according
to the number of neighbors considered [15].
Changing the distance calculation: Unlike the previous
methods of modifying the set of data (and more particularly, the vector attribute of each object by the addition of
new attributes), in a less direct way certain methods make
it possible to integrate constraint by incorporating spatial
information, this by changing the way of calculating the
distance between two objects.
Modification of the objective function: This last category of global constraint methods, and more particularly
neighborhood information, modifies a criterion to be
optimized by the objective function of any algorithm,
using an optimization procedure.
B. Group constraint
In machine learning, available knowledge can also be
provided from groups information of objects. It can be
defined as requirements on the overall shape, orientation
or other characteristics of the groups. The minimum or
maximum capacity of these seems to be the most used
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– Partial labeling : The labeling of a higher dimension set of objects is represented by a complex and
expensive function in computing time which makes
this task often impossible. As a solution, it is possible
to label a subset containing only a few objects.
– Feedback : An iterative approach has been adopted
by the interactive classification systems, this system
produces a partition of data then evaluates and validates it by an expert, if all the data is of important
dimensions, we can find a difficulty during the validation of the results, so an expert can clearly indicate
the partitioning errors (system-induced) after we can
use this information in the next iteration.
– Relationship between pairwise objects : The
constraint produce indications on the desired
partition and implement these indications in
clustering algorithms to increase their performance
[1]. Let X = x1 , ..., xn be the set of observations
that must be grouped into K classes, and denoted
by u1 , ..., uK . For each pair of observations xi , xj
in X, we denote the distance between them by
d(xi , xj ). This type of constraint simply certifies
that two objects are:
a) Must-Link (ML): which forces two observations
xi and xj to be in the same class.

Where for two instances of data xi and xj in the data
set, xi , xj ∈ X(1 ≤ i, j ≤ n) , if xi and xj satisfy
the Must-Link constraint, then after completing the
clustering, xQ
i and xj satisfy xi ∈ Cm ∧ xj ∈
Cm, Cm ∈ , 1 ≤ m ≤ k, otherwise the cluster
fails. The constraint can be described as xi ML xj .
b) Cannot-Link (CL): If two observations xi and
xj are in two different classes we can define
these two objects by Cannot-Link (CL). Where for
two instances of data xi and xj in the data set,
xi , xj ∈ X(1 ≤ i, j ≤ n), if xi and xj satisfies
the Cannot-Link constraint, after completing the
clustering, xi and
Q xj satisfy xi ∈ Cm ∧ xj ∈
Cn, Cm, Cn ∈ , 1 ≤ m, n ≤ k, m 6= n, otherwise
the cluster fails. The constraint can be described as
xi CL xj .

Fig. 2. The Semi-Supervised Clustering (SSC) Approaches

On the other hand, there are several approaches to SSC
based on graphical representation and clustering methods
based on graphs [21], [22]. The literature on SSC has
also exploited the graph track centered mainly on points
to explore in the semi-supervised context. The methods
of spectral clustering are widely used for unsupervised
learning with the graphical presentation [19] [3] [23] and
at the same time, can be considered as a solution of graphcut space problems.

In this paper, we are interested in the comparative study
of semi-supervised learning algorithms that are based on
the pairwise constraint and are provided as two types of
constraint: Must-Link (ML) and Cannot-Link (CL).

IV. M ETHODS

III. R ELATED WORK ON S EMI -S UPERVISED
C LUSTERING (SSC)

The aim of this work is to discuss and analyze moreover
the influence of the pairwise constraint (must-link and
cannot-link) on the performances of clustering by carrying out experiments with different percentages of labeled
examples. In this direction, we carry out a comparative
study of three recent semi-supervised clustering learning
techniques with pairwise constraint : cop-kmeans [5], the
semi-supervised Mean Shift clustering [11] and the semisupervised kernel clustering with relative distance [12].

The emergence of Semi-Supervised Clustering (SSC)
techniques appeared by the extension of unsupervised
methods (clustering) in semi-supervised learning. The
adaptation was done in two groups of unsupervised learning methods : feature-based and graph-based approaches.
A. Feature-based approach:
where each data point has a representation in terms
of a feature, a vector or a structured representation as
a sequence, time series, or graphic. e.g. k-means and
mixture of Gaussian....

A. Constrained K-means Algorithm (COP K-means)
The goal of clustering analysis methods is to share a set of
data into homogeneous subgroups. In literature, we notice
that most existing semi-supervised clustering methods are
modified versions of k-means [24]. The COP K-means
algorithm of Wagstaff et al. [5] is the most advanced
of these versions, by integrating the constraint, it has
been demonstrated that this approach makes it possible
to guide and improve clustering, and thus improves the
performances of the algorithms. As part of the semisupervised clustering, there are many ways to constrain
data. COP K-means consider particularly two types of
possible constraint between observations: if the two observations are in the same cluster we have the type ”must
-link”; otherwise they are in a different cluster so this
constraint is ”cannot-link”. The algorithm takes a set of
data (D), a set of must-link constraint(Con= ), and a set
of constraint not-link (Con6= ). It returns a partition of the
instances in D that satisfies all the specified constraint.

B. Graph-based approach:
where a graphical similarity between data points is
granted, e.g. spectral clustering methods.
Indeed, the literature shows that a large number of works
have focused on the application of these two types of
semi-supervision (Fig.2) :
– Pointwise : where the cluster label of a small number
of points are available to guide clustering two by two.
[17]
– Pairwise : where ”must-link” and ”cannot-link” the
constraint between certain pairs of points are available.
Over the past decade [18], feature-based methods have
been widely studied for proper generalization, algorithms
such as k-means and its variants have been one of the
most successful adaptation that has accurately drawn part
of the semi-supervision. These methods have been generalized to incorporate the SSC context learning metric and
the parameter and inference estimation into a graphical
model [2] [19] [20].

B. The Semi-supervised Kernel Mean Shift clustering
Algorithm (SKMS)
The goal of this method is to integrate supervision
into the mean shift clustering method [25] which uses
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Algorithm 1 :COP K-means
Input:
D : a set of data
(Con= ):a set of Must-Link constraint
(Con6= ):a set of Cannot-Link constraint

Algorithm 2 :SKMS
Input:
D : a data set: D
(Con= ): a set of must-link constraint
(Con6= ):a set of cannot-link constraint
γ: constant distance factor

Select randomly : Kpoints : initial cluster centers.
Each point di ∈ D is assigned to its nearest cluster while
ensuring no constraint (Con= ) and (Con6= ) is broken.
3: Update each center cluster to be the means of its constituent items
4: Repeat (2) and (3) until convergence.
Return (Con= ), (Con6= )
1:
2:

only pairwise constraint to guide the clustering procedure.
Mean shift clustering: proposed by Cheng et al. [25] is a
powerful non-parametric popular mode search technique
that does not require prior knowledge of the number of
clusters and does not limit the shape of clusters.
– A popular mode that iteratively locates modes in data
by maximizing kernel density estimate (KDE).
– The non-parametric nature of mean shift makes it a
powerful tool for discovering arbitrarily shaped clusters present in the data. In addition, the number of
clusters is automatically determined by the number
of discovered modes.
The semi-supervised kernel Mean Shift clustering
(SKMS) algorithm of Anand et al. [11] generalizes the
linear projection operation to a linear transformation of
the kernel space which will make it possible to scale
the distance between the constraint points. With this
transformation, the must-link points are moved closer
together, while the can-not points can be moved further.
This transformation is performed as shown in algorithm 2.
For each cluster in the dataset, a small amount of labeled
data is used to generate the even constraint (must-link
and cannot-link).
C. The Semi-supervised kernel clustering with relative
distance Algorithm (SKLR)
This algorithm proposed by Amid et al. [12] is largely
inspired by the SKMS algorithm. The main contribution
is to extend the SKMS algorithm to handle relative
distance comparisons. This, to consider the problem of
clustering a set of data into k groups subject to an
additional set of constraint on comparisons of relative
distance between data elements. The additional constraint
are intended to preselect lateral information that is not
expressed directly in the feature vectors.
Relative comparisons can express structures at a narrower
level of details ( finer ) than the Must-Link (ML) and
Cannot-Link (CL) constraint that are commonly used
for semi-supervised clustering. They are also particularly
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1:
2:
3:
4:
5:
6:
7:
8:
9:

Map the data to a kernel space (kernel).
Apply the mean shift on non Approved data.
Select the σ parameter for the initial kernel Gaussian
function with minimizing the divergence metric log-det.
Calculate the initial matrix
Calculate the matrix Kof kernel (n ∗ n) of low-rank K0
Select the mean shift bandwidth parameter k by using K
matrix and constraint(Con= )
Repeat : for Xi ∈ D, i = 1...n
Application of the SKMS algorithm to assign data to
clusters.
until all the constraint are satisfied
Return : cluster labels

useful in contexts where the granting of a ML or CL
constraint is difficult because the granularity of real
clustering is unknown. The SKLR algorithm is a break
down according to the following steps in Algorithm 3.
Algorithm 3 : SKLR
Input:
initial (n ∗ n) kernel matrix K0
Cneq et Ceq : set of relative comparisons
γ: constant distance factor
1:
2:
3:
4:
5:
6:
7:
8:
9:

Find low-rank representation
Calculate (n ∗ n) the K kernel matrix of low-rank K0
using incomplete Cholesky decompositio: Find (n ∗ r)
column orthogonal matrix Q
Apply the transformation M̂ ← Q> M Q S on all matrices
Initialize the kernel matrix K̂ ← K̂0
Repeat
T
(1) Select an unsatisfied constraint C ∈ Cneq Ceq
(2) Apply Bregman projection
Until all the constraint are satisfied
Return K ← Q K  Q

V. E XPERIMENT AND RESULTS DISCUSSION
The performance is determined using Rand Index (RI)
peer counting methods to measure the influence of stress
integration in these algorithms to guide and improve their
performance. The comparative study is conducted on 6
selected medical data sets from the UCI repository [13],
the characteristics of which are summarized in the TableI.

datasets
Pima
Bupa
pancreatic
heartstatlog
New-thyroid
dermatologie

#instances #variables
768
8
345
6
181
6771
270
13
215
15
358
34
TABLE I

# class
2
2
2
2
3
6

For the dermatology dataset, we notice that the SKLR
curve is identical with the SKMS curve, with high performances at the beginning (10% to15%). Compared to the
SKMS method, the cop-kmeans algorithm remains stable
with a value not exceeding 0.74 as the best performance
recorded. Here, we can say that the SKLR algorithm is
the best for this multi-class dataset.
The performance of the algorithms changes completely
when using the new-thyroid dataset. Indeed, compared
to previous experiments, we have found from the graph
(Fig.3), that the SKMS results take a constant and average
value; which indicates that the algorithm is not affected
by the added constraint. On the other hand, the SKLR
algorithm keeps the best results. For cop-kmeans algorithm, their best performance is obtained with a high rate
of labeled data. We deduce from this analysis that the
best algorithm is SKLR for the new-thyroid dataset.
We can say according to the experiments carried out, that
the algorithms studied achieve good clustering results.
We can also mention through these experiments that the
quantity and quality of constraint that are created in a
random way allow to improve the performance of these
methods and they have a direct impact on the results.
One can say that at the end of this study, the results
of the comparisons revealed that the best compromise is
achieved by the SKMS algorithm compared to SKLR and
cop-kmeans.

B ENCHMARK DATA SETS USED IN THE EXPERIMENTS

VI. C ONCLUSION
In light of the realized comparative study, we can
conclude from the obtained results that the use of these
3 methods is very promising, where, we clearly observe
by increasing our requirements on similarity, we still
manage to extract information to enrich, and get better
performance.

Fig. 3. Clustering results with different constraint

The figure Fig.3, represents the performance graph of
the algorithms tested on the selected benchmark. In pima
dataset, the best performance is recorded by the SKMS
algorithm with 15% of labeled data. Observing the bupa
dataset, we note that the SKLR algorithm records a
perfect performance equals to 1 with a small amount
of labeled data equals to 15%. On the other hand, the
SKLR algorithm remains almost stable with an average
value that does not exceed 0.53. The performance of
the cop-kmeans algorithm has reached a maximum of
0.71, with some stability of performance for each dataset.
In Fig.3, we continue to note the best performance of
the SKMS algorithm, the groupings are identical the
agreement rate is exactly 1, from 20% of labeled data. In
parallel, the SKLR and cop-kmeans algorithms maintain
their average performance throughout the experiment. For
the heartstatlog dataset, we note that the performance
of the SKMS algorithm always keeps the best results,
while a decrease in SKLR performance is recorded. The
red curve that represents the performance of cop-kmeans
remains low for the different constraint rates.

The different tracks explored during this work led us
to consider many perspectives. We present here those
which seem to us the most promising: One of the shortterm perspectives is to carry out a comparative study
of the different types of constraint and the best way
of applying them in order to improve the efficiency of
the methods. In addition, in a long-term perspective, the
interest will be focused on the automatic segmentation
and annotation of structures in biomedical images [26],
which are essential tasks for a multitude of key applications including assisted diagnosis, pathology monitoring
and clinical research. The process of segmentation is
very complex, due in particular to the low contrast, the
superposition of regions of interest and noise, typically
present in medical images. By the application of the semisupervised clustering with constraint techniques, it will be
possible to automatically label the regions of interest in
the image or volume to be segmented. The contribution
of the constraint will guide the algorithm for an efficient
and targeted segmentation.
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Abstract— This paper presents an ongoing work on using
KStar algorithm to predict Object-Oriented software
maintainability. The maintainability is measured as the
number of changes made to code throughout the maintenance
period by using Object-Oriented software metrics. We build a
prediction model based on data collected from two different
Object-Oriented systems. However, to figure out the
advantages of KStar algorithm we made five experiments with
the Weka machine learning workbench and to compare our
proposed model with the other algorithms which are (linear
Regression, Neural Network, Decision Tree, SVM), the
prediction accuracy of all models is evaluated and compared
using cross-validation and different types of accuracy
measures. As a result, KStar yields better results and it
demonstrated to be the best of them to predict more accurately
than the other typical techniques.
Keywords— Machine Learning Techniques, KStar, Software
Maintainability, Object-Oriented Metrics.

I. INTRODUCTION
Software maintenance has been one of the most
complexes and hard tasks in the software development life
cycle. Furthermore, the largest cost associated with any
software product over its lifetime is the software
maintenance cost [12]. Predicting software maintainability
can be used to estimate the cost and effort required during
the maintenance period. There are several definitions for the
term "software maintainability", according to the IEEE
Standard Glossary of software engineering terminology
software maintainability is defined as “the ease with which a
software system or component can be modified” [9].
Although the availability of maintainability prediction
models that have been developed for measuring maintenance
effort, the main aim is obtaining high prediction accuracies
which are not the case of all these proposed models. A large
number of studies have examined the link between OO
software metrics and maintainability, they have found that in
general these metrics can be used as predictors of
maintenance effort [1], [5], [14].
In this paper, we propose the use of a novel Machine
Learning (ML) technique “KStar algorithm” for software
maintainability prediction. As well we present a comparative
study of the use of Kstar algorithm and the most common
ML techniques which are chosen from the machine learning
platform Weka [8] such as linear Regression ‘LR’, Neural
Network ‘MLP NN’, SVM ‘SMOreg’, Decision Tree
‘RepTree’. Thereafter, we investigate the accuracy and

performances of ML-based models in predicting the software
maintainability using the dataset previously collected. The
results show that KStar algorithm gives better. The results
suggest that for the QUES our model can predict
maintainability more accurately than the other typical
modeling techniques, while for UIMS is as accurate as the
best modeling technique.
The remainder of this paper is organized as follows.
Section 2 summarizes the related works conducted on
software maintainability prediction using most commonly
ML techniques. Section 3 provides an overview information
of the datasets and the set of metrics used. Section 4 focuses
on the various research methodologies used in predicting
software maintainability and our constructed model. Section
5 includes the results of the model’s evaluation and analysis
of the results. In section 6 we analyze the results of Kstar
model using the UIMS and QUES data sets and section 7
concludes the paper.
II. RELATED WORKS
Several studies have been carried out for proposing
different models to predict software maintainability. In this
section, we provide an overview of the main existing
predictive models with the common modeling techniques
used.
Van and Gray in [14] have constructed a model for
predicting the software maintainability of Object-Oriented
systems using Bayesian Networks. Since the majority of
prediction models have usually formed or built using a
previous version of the system or a similar software project
developed by the organization. The authors used the ObjectOriented metrics and datasets presented by Li and Henry
[13]. The maintainability is measured as the number of
code’s changes during a maintenance period. To build the
Bayesian Network the Bayda tool was used. Bayda allows
users to build a special type of Bayesian Networks called
Bayesian naive classifier. In which a single node
representing a dependent variable and it’s connected to all
the other nodes that represent the predictor variables. The
Bayesian network maintainability prediction model is built
where a single node (change) is connected to the predictive
variables OO (10 metrics). Then the precision of the model
prediction is evaluated and compared with models-based
regression. The results suggest that the Bayesian network
model can predict maintainability more accurately than
regression-based models for one system (UIMS) and almost
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as accurately as the best regression-based model for the other
system (QUES).
Elish [5] used TreeNet to construct a software
maintainability prediction model. They explored their
experience on two famous data sets in the field of
maintainability known as UIMS and QUES [13]. The authors
have proved that it also provides competitive results
compared to other models.
Aggarwal and al [1] used Neural Network as a technique
to construct a prediction model to estimate the maintenance
effort of OO software at the class level by estimating the
number of rows modified per class, On the other hand, the
authors in [2] aim to explore empirically the relationship
between OO metrics and maintainability estimation. The
values of the metrics studied were collected from a total of
110 classes from two software systems. The constructed
ANN model belongs to the whole of the Multilayer
Perceptron and the results of the latter's evaluation showed
that the Mean Absolute Relative Error (MARE) was 0.265 of
the model and ANN is capable of providing an adequate
model for predicting maintenance effort and that OO metrics
can be useful in guiding prediction.
Jindal and al [11] also used Neural Networks to develop a
prediction model, but by using another type of neural
network "Radial Basis Function Network".
In 2016 a recent study was conducted by Jain, Tarwani
and Chug [10] to propose the use of Genetic Algorithms for
predicting the software maintainability, and to compare its
performance with various automatic learning techniques they
extracted the OO metrics from four open source projects
jTDS (64 classes), jWebUnit (22 classes), jXLS (78 classes)
and SoundHelix (67 classes), using the tool (Chidamber and
Kemerer Java Metrics). The Weka tool was also used to
construct the prediction model. In their study, maintainability
was measured by counting the number of changes at the code
level, which was calculated by comparing each class of the
two versions using the Beyond Compare tool. Finally, to
evaluate the accuracy of predictions found they used Mean
Absolute Error (MAE) and Root Mean Square Error (RMSE)
as precision measures of prediction which were proposed by
Kitchenham. According to the results, the genetic algorithm
gives more accurate predictions com-pared to other models
of automatic learning-based prediction.

TABLE I.

DESCRIPTION OF THE SET OF METRICS USED

Metric

Description

WMC

The sum of McCabe’s cyclomatic complexity of all
local methods in a given class.

DIT

The length of the longest path from a given class to the
root in the inheritance hierarchy.
The number of methods that can potentially be
executed in response to a message being received by an
object of a given class.
The number of classes directly inherit from a given
class.
The number of pairs of local methods in a given class
using no attribute in common

RFC

NOC
LCOM

MPC
DAC
NOM
SIZE1
SIZE2
CHANGE

The number of send statements defined in a given class
The number of abstract data types defined in a given
class
The number of methods implemented within a given
class
The number of semicolons in a given class
The total number of attributes and the number of local
methods in a given class
Number of lines changed in the class (insertion and
deletion are independently counted as 1, change of the
contents is counted as 2)

Fig 1. and Fig 2. show the correlation coefficients
between the OO metrics values in the data sets UIMS and
QUES and the maintainability measure “change”.
Correlation Coefficient measures the intensity of relationship
between dependent and independents variables. We have
used R language to calculate the correlation matrices.

III. EXPERIMENTAL DATA COLLECTION
We perform our empirical experiment based on the
metrics data collected from two commercial software
packages UIMS and QUES. In this section, we summarize
empirical data collection, which represent the independent
and dependent variables.

Fig. 1. Correlation coefficient in UIMS .

A. Metrics Selection
The independent variables which we have used in this
study are values of ten Object-Oriented metrics and the
dependent variable used is maintainability measure. In this
study, we indicate software maintainability using the number
of revised lines of code “LOC” (i.e., added, deleted, or
changed) LOC during the maintenance phase as measure.

Fig. 2. Correlation coefficient in QUES .
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The correlation coefficient lies between -1 and 1. The
positive linear relationship grows stronger as correlation
coefficient nears 1, and the negative linear relationship grows
stronger as correlation coefficient nears -1. No linear relationship is there if the correlation coefficient is 0. The results
show that there is a significant correlation between
CHANGE and the OO metrics, then all the metrics from the
datasets are selected and will be used to build model.
B. OO Software Datasets
As we mentioned above, our empirical study was carried
out using the datasets and metrics presented in [13] by Li and
Henry. It concerns the two Object-Oriented systems: UIMS
(User Interface Management System) with a total of 39
classes and QUES (Quality Evaluation System) with a total
of 71 classes both systems were implemented in ClassicalAda language. The aim of this investigation is to predict the
maintenance effort which is measured by using the number
of lines changed per class which were changed during a 3
years of maintenance period. A line change could be an
addition or a deletion. A change of the content of a line is
counted as a deletion followed by an addition. This
measurement is used in this study to estimate the
maintainability of the OO systems.
The descriptive statistics of the UIMS and QUES datasets
are shown in Table 2, the statistics were extracted from
Weka tool .
TABLE II.

CHARACTERISTIC OF DATSETS

Min

Metrics
U

Max
q

Mean

U

q

U

DIT
NOC
MPC

0
0
1

0
0
2

4
8
12

4
0
42

2.15
0.94
4.33

RFC
LCOM
DAC
WMC
NOM
SIEZ2
SIZE1
change

2
1
0
0
1
1
4
2

12
3
0
1
4
4
115
6

101
31
21
69
40
61
439
289

156
33
25
83
57
82
1009
217

23.20
7.48
2.41
11.38
10.92
13.53
101.48
47.15

q

StdDev
U

q

IV. PREDICTION MODELS
In this section, we introduce the commonly used
modeling techniques: multivariate linear regression, artificial
neural network, and regression tree. We describe the K*
algorithm, which is regarded as a good technique for
producing prediction models.
A. KStar “K*”
Lazy algorithms are a nonparametric approach. They
defer the real work as long as possible, while other machine
learning algorithms produce generalizations since they
“meet” the data. Instance-based (IB) learners, also called
Memory-based ones store the training instances in a lookup
table and interpolate from these.
Among the Lazy algorithms we used KStar which is
developed as an instance-based classifier, that tries to
improve its performance for dealing with missing values,
smoothness problems and both real and symbolic valued
attributes, which is the class of a test instance and is based
upon class of similar training instances similar to it, as
determined by some similarity function. In IB learner
problems, “each new instance is compared with existing ones
using a distance metric, and the closest existing in-stance is
used to assign the class to the new one” [4]. The principal
difference of K* against other IB algorithms is the use of the
entropy concept for defining its distance metric, which is
calculated by mean of the complexity of transforming an
instance into another; so, it is taken into account the
probability of this transformation occurs in a “random walk
away” manner. The classification with K* is made by
summing the probabilities from the new instance to all of
the members of a category. This must be done with the rest
of the categories, to finally select that with the highest
probability.
We used Weka data mining tool to conduct KStar
Model. The training and testing dataset selection is being
employed using k-fold cross validation procedure where the
entire data set is divided randomly into k subsets (k = 10)
and every time one of the k subsets is used as training data
and the remaining (k -1) subsets are being used as testing
data set so as to validate the prediction model for software
reliability. Here, 10 cross validation is used where nine parts
are used for training and one part is used for validation taken
randomly ten times and results are recorded for each of the
ten runs.

1.91 0.90 0.52
0
2.01
0
18.02 3.40 8.33
54.29
9.18
3.52
14.90
13.35
18.02
275.57
64.26

20.18 32.78
6.10 7.30
3.99 3.96
15.89 17.08
9.69 12.02
13.10 15.20
110.9 171.59
71.82 43.21
U: for UIMS dataset
q: for QUES dataset

A common problem that assumes often when using
metrics and regression techniques is called multicollinearity.
This problem arises when the independent variables are
strongly correlated with each other which may affect the
performance of the prediction model. To address the problem
of multicollinearity we have transformed the data in
uncorrelated variables. The task of choosing the most
suitable representative set of metrics is known as feature
selection. From feature selection techniques proposed in
literature, we choose Correlation-based Feature Selection
(CFS). Weka can detect and remove highly correlated input
attributes
automatically
by
setting
weka.
attributeSelection.CfsSubsetEval.

B. Neural Network
The Second model prediction was done by using MultiLayer Perception Neural Net-work. The MLP is one of the
most widely implemented neural network topologies. In
terms of mapping abilities, the MLP is believed to be capable
of approximating arbi-trary functions [7]. This has been
important in the study of nonlinear dynamics, and other
function mapping problems. MLPs are normally trained with
the back-propagation algorithm that consists of an input
layer, one or more hidden layers of nonlinear-ly activating
nodes and an output layer. Each node in one layer connects
with a certain weight to every other node in the following
layer. The parameters of this model were initialized as
follows. Back-propagation algorithm was used for training.
Sigmoid was used as an activation function. Number of
hidden layers was 5. Learning rate was 0.3 with momentum
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0.2. Number of epochs to train through was 500. Validation
threshold was 20.
C. Decision Tree
Regression tree (RepTree) is a variant of decision trees
that predicts values of continuous variables instead of labels
of classification [3]. RT has over 209 different computer
configurations, adapted from Witten and Frank (2000). A
regression tree is built through a recursive partitioning
process. This is an iterative process of splitting the data into
partitions, and then splitting it up further on each branches.
Initially all of the records in the training set are put together
in one node. The algorithm chooses an independent variable
with values that minimize the sum of the squared deviations
from the mean in the separate parts.
D. Support Vector Machine
The purpose of support vector machine (SVM) was
originally developed for solving the classification problems
[15] but it was extended to the domain of regression
problems and recently it has been applied successfully in
many software prediction models. It can, unlike ANN
approaches, produce prediction models with excellent
generalization performance. As a result, SVM is gaining in
popularity in the machine learning community.
E. Linear Regression
Multivariate Linear Regression (MLR) [6]. is the most
commonly used technique for modeling the relationship
between two or more independent variables and a dependent
variable by fitting a linear equation to observed data. The
main advantage of this technique is its simplicity. The
general form of MLR model can be given by:
Y= a0+a1xi0+…..+akxik

Fig. 3. Process of our work

V. MODEL PERFORMANCE EVALUATION
In order to evaluate the performance of the proposed
model, we selected the standard and commonly used
prediction accuracy measures metrics which they were
defined as below in table 3:
TABLE III.

EFFICACY MEASURES USED FOR EVALUATING
PERFORMANCE OF MODELS

y= a0+a1xi0+…..+akxik+ei

Measure

Which are: a0,...,ak , the parameters to be estimated, Yi
the dependent variable to be predicted, yi the actual value of
the dependent variable, and ei is the error in the prediction of
the i case.

MAE (1)

Fig3 presents the process which we went through for
developing the prediction models. This process is applied to
each of the other machine learning algorithms taken into
consideration.

RMSE (2)

RAE (3)

RRSE (4)

Definition

Mean Absolute Error measures the
average magnitude of the errors in a set
of forecasts, without considering their
direction.
Root Mean Squared Error shows
differences between values predicted by
a model and the values actually observed
from the thing being modeled.
Relative Absolute Error very similar to
the relative squared error in the sense that
it is also relative to a simple predictor
Root Relative Squared Error takes the
total squared error and normalizes it by
dividing by the total squared error of the
simple predictor.

MAE
MAE=

(1)

RMSE
RMSE=

10

(2)

RAE
RAE=

(3)

RRSE
RRSE=

(4)

Where pi is the prediction value, ai true value and Ai is given
by the formula:
.
These measures show how closely the actual and
predicted values are correlated with each other.

prediction model by means of Object-Oriented software
metrics. Thus, an experiment was conducted to evaluate the
performance of the KStar model to predict the software
maintainability in terms of the possible number of changes.
We used public data sets introduced by Li and Henry. In
addition, number of common modeling techniques are
examined to find the machine learning algorithm that gives
accurate results. The results show that KStar algorithm can
effectively predict the maintainability of OO software
systems. One direction of future work would be conducting
additional empirical studies with other datasets to further
support the findings of this paper

VI. EMPIRICAL RESULTS
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In addition, the analysis of social networks has attracted
the interest of several researchers, who for the detection of
cyber threats or for other purposes.

Abstract— Social network analysis techniques for activities
related to terrorism are mainly based on data mining techniques.
These techniques do not take into account the various axes of
analysis allowing a study according to several facets. In this
article we propose a comparison study of these techniques. We
present our approach of analyzing these activities, based on Data
warehouse and OLAP analysis. We aim to improve the analysis
of these cyber threats. OLAP analysis allows us to explore social
networks to detect dangerous content in the direction of targeted
cyber threats. Our approach is based on five-tier architecture: (1)
data sources; (2) ETL; (3) Data warehouse; (4) Analysis; (5)
Presentation. In our experimentations, we used Twitter to detect
and analyze the incitement to terrorism and determine the users
supported the terrorism. We proposed a datamart with a metric
named score, calculated using a data mining technique. Also, we
used OLAP analysis techniques, based on the history of positive
scores, to determine the users inciting terrorism, their locations
and their retweets.

To analyse social networks, many techniques have been
used such as graph analysis, data mining, analysis based on
the text clustering [1], and other based on warehousing [15].
In this article, we present and study some analysis
methods and more especially those allowing the activities
related to terrorism, which are based mainly, on data
mining. However, we can note that these analysis methods
do not take into account the analysis according to detect the
different faces of these cyber threats, like activities related
to terrorism. Also, these analyzes were performed over
periods well determined, without taking into account the
historical analysis. The approach we propose based on
OLAP storage allowing analysis according to several axes
and taking into account the historization of the data.

Keywords— Social Neworks; Data Warehouses; Terrorism;
Sentiment Analysis; OLAP; Twitter

I.

The rest of this article is organized as follows. Section 2
draws a state of the art on approaches analysis of social
networks and more particularly the work relating to the
terrorism activities analysis. The proposal of our data
warehousing approach for the detection of cyber threats is
detailed in section 3. Section 4 shows the experiment of this
approach. We finish this article with a conclusion and future
work.

Introduction

In recent years, social networks have become an
essential tool for communicating, sharing and exchanging
information and joining interest groups. Users of these
networks can create information, share it, and express their
opinions on any subject. The latter can be political,
economic, safe, social [9]. Currently, social networks
concern millions of people, for example, in 2017, Facebook
has 3 billion subscribers and Twitter has 500 million [22].

II.

Related work

Analysis and understanding of social networks, like
Facebook, twitter, LinkedIn, etc. arouse strong interests in
several scientific communities. Many approaches have been
proposed, among them those based on data warehousing and
data mining.

Nevertheless, there are several cyber threats in these
social networks, such as social engineering, phishing,
propaganda and activities related to terrorism. In [18] ten
(10) main cyber threats in social networks have been
described.

A. Warehousing approaches
Warehousing approaches propose to store data in a data
warehouse for multidimensional analysis. They can be
subdivided, according to [15], into two families:
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Behavior based, which focus on the analysis of the
activities of the Internet users on social networks [24], [25]
such as friendship creation, group creation or browsing
profiles, and how people interact with an event.

Twitter. In this work the author used supervised learning for
classifying tweets as radical and not radical. We summarize
his method as follows: after cleaning the tweets and
determining the characteristics vectors, which are the
writing style, the time and the sentiment analysis, he used
three classifiers to experiment and validate his learning
which are: SVM, AdaBoost and Naive Bayes.

Those based on the sentiment analysis, which integrate
the sentiment analysis in the schema of the data warehouse
[26], [27]. In these approaches we analyze the social,
psychological, philosophical, behavioral aspects and the
perception of a person or a group people about a product,
policy, services and specific situations.

Equally, [7] present a supervised machine learning
framework that exploits metadata, network statistics and
temporal functionalities on user activities, to detect users'
supporter’s extremists and predicting the adoption of
content. So, they exploited a dataset containing millions
tweets that were manually identified, then reported, and
suspended by Twitter, due to their involvement in extremist
campaigns.

B. Data mining approaches
Concerning data mining approaches, there are several
works, the most used are web methods mining, clustering
and classification [19]. Other work based on data mining
techniques varies from unsupervised learning, to semisupervised and supervised learning [3].

With regard to unsupervised learning, [8] used data
mining tools in Twitter to organize the terrorist vocabulary
and identify, through tweeting metadata analysis, the most
likely geographic location and identities connected behind
the users accounts. To achieve this goal, the author used a
list of words and terms relevant to search tweets via the
language R. Then he determined, using the frequency of the
accounts and the word cloud, the number of "k -means
clusters "for the purpose of obtaining user accounts and
their associations. These user accounts are then studied with
network graphs built using the R, NodeXL and Gephi
languages.

In this article, we will focus on work related to the
sentiment analysis that has aroused the interest of several
researchers, such as [21], [13] and [2]. Also, sentiment
analysis is used in detecting the activities related to
terrorism, in social networks [20]. It should be noted that we
study these cyber threats since they are the most common
and widespread in the social networks.
C. Analysis of activities related to terrorism in Social
Networks
There is panoply of work based on the sentiment
analysis for analysis of activities related to terrorism in
social networks. A state of the art on these works shows that
there are two approaches, the first one based on machine
learning [17], [20] and the second based on the lexicon [4],
[16].

 Lexicon approaches
Concerning the approaches based on lexicon, we can cite
the work in [4] who used SentiWordNet, to analyze the
sentiment for detecting radical content on web forums. For
this, the authors proposed a model based on SentiWordNet,
Word Net and NLTK to analyze web forums with radical
content. This model measures and identifies the polarity of
the sentiment and affects the intensity of the one that
appears in the web forum. The main objective of this work
was to test the effectiveness of SentiWordNet for detection
opinions and emotions on the internet.

 Machine learning approaches
The approaches based on machine learning are classified
in supervised learning and unsupervised learning.
Concerning supervised learning approaches, [20]
proposed a terrorism detection method based on sentiment
analysis using supervised learning. In this work, the authors
took into account the history of Tweets of a user. That is to
say, after categorizing the sentence into positive, negative,
and neutral categories, all of these categories were
compared to a user's previous sentence of a particular user,
based on the sentiment score for the last and precedent
sentences.

Furthermore, [16] treated the sentiment analysis in real
time for the detection of terrorist activities, using the
wordlist dictionary. The purpose of this research was to
develop a model that could help establish crime patterns
associated with terrorist activities, using information from
the sentiment analysis derived from Twitter data. As such,
data collected from Twitter was analyzed, in order to bring
out rules for the naive bayes classifier.

Also, [12] dealt with the detection of terrorist activities
using sentiment analysis in a distributed system. The main
aim of this work was to propose architecture for the
detection of terrorist activities in streaming, valid for several
social networks and this, in a BIG DATA environment. For
this, they proposed architecture based on a web API for
collecting data from social networks, a data collector
(Apache Haddop) and a processing language based on
artificial intelligence for the extraction of meaning from
text.

D. Comparison of work of activities related to terrorism in
Social Networks
A study of social network analysis methods for the
detection and the analysis concerning the incitement to
terrorism show that these methods use different data mining
tools, from text mining, machine learning, to taking into
account the history of the information contained in these
networks, as well as the use of other methods and tools, for
some cases. Which shows that detection and the analysis of
cyber threats in social networks is a task requiring a lot

Similarly, [17] discussed the use of machine learning for
the identification of jihadist messages on the social network
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efforts and tools. We present in “Tab. 1,” a comparative
report of the works studied.

and take the necessary decisions to combat certain activities
related to terrorism and take appropriate measures,
including by government institutions.

TABLE 1. Comparison of methods of analysis relating to activities related
to terrorism

As such, as the state of the art has shown that the
analysis of terrorist activities in social networks is a
complex task that requires a multi-faceted analysis and that
the microscopic vision does not respond that we left to this
problem, then it is useful to analyze the behavior of users
and take into account the various axes, on the one hand, and
to have a macroscopic vision to analyze the interactions
between users, on the other hand.

Axes of analysis

Kocharekar&Jadhav 2017 [12]
Omer 2015 [17]

X

Ferrara et al. 2016 [7]

X

Govand 2016 [8]

X

X

X

X

X

X

X

X

So, we can say that it is useful to propose an approach to
detect and analyze these activities along several axes. In
addition to taking into account the historization. This would
help to understand the different aspects to this phenomenon.
For example, the evolution of terrorist recruitment networks
and better understand some aspects related to the process of
radicalization.

X
X

Chalothorn&Ellman 2012 [4]
Ngoge 2016 [16]

Other

X

M. Learning

Lexicon

Sofea et Izzatdin 2017 [20]

Historical

Time

Location

User

Works

Sentiment
analysis

X
X

X

While emphasizing that during the operation of the work
of storage of social networks, and to the best of our
knowledge, no works have used the storage of social
networks for the analysis of activities related to terrorism,
the storage and analysis OLAP turn out, therefore, a very
interesting track to improve the analysis of these cyber
threats.

X

The analysis of the works above, based on the axes on
which is carried out the analysis highlights the following:


There are works that have taken into consideration
the axis of time [17], others the localization [16].



The sentiment analysis is a technique used in all
works. In this analysis, it has been used the
approaches based on machine learning and the
lexicon-based approaches.



The works cited do not take into account the history
of the content published by the same user, except
the work [20], which showed that this account can
improve the accuracy of the analysis;



Whenever there is a consideration of other axes, it
improves and enriches the analysis.



The diversity of the analysis axes and tools used
shows that the analysis of incitement to terrorism in
social networks is a complex task requiring a multifaceted analysis.

This choice stems from the characteristics of the
warehousing which allow the logging and the navigation
according to different granularity and several dimensions.
These features will allow us a richer analysis and a better
correlation of data stored over time. Of course, this OLAP
storage and analysis work needs to be combined with other
data mining methods.
III.

Our approach

The state of the art has shown that detecting the
activities related to terrorism in social networks is a
complex task that requires multi-faceted analysis, hence,
multi-dimensional analysis can respond to the complexity of
the analysis process of these activities, and OLAP storage
and analysis could improve the analysis of this
phenomenon.
This choice stems from the characteristics of storage that
allow historization and navigation according to different
granularities and several dimensions. These characteristics
enable us a richer analysis and offer a better view on data
stored over time. Obviously, OLAP storage and analysis job
needs to be combined with data mining techniques which
are widely used in the literature for to study terrorism.

Although some studies have taken into account some
areas in their analyzes, the problem of the presence of irony
and sarcasm in the content related to terrorist activities
remains unresolved and the methods of sentiment analysis
deserve to be improved , including aspects related to the
behavior of the user. For example analyze the history of a
user.

In our opinion, the analysis of social networks,
according to several axes, for example subject, user,
location, time, etc. allows to analyze and detect the different
aspects related to this cyber threat. Our approach resembles
traditional data warehouse approaches in other areas of
application, with some specifications in the data sources
layer and the use of a Data mining techniques in the ETL
layer “Fig.1,”.

Also, these approaches are much more focused on
detection, for example content analysis, while we also need
to take into account other areas of analysis to understand
this phenomenon, in particular for decision makers. These
approaches will provide an overview of a user's opinion of a
period through their history, the opinions of a set of users,
their locations or the interactions between these users. This
will assist in a broader understanding of this phenomenon
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techniques, for example a positive sentiment towards a
content related to terrorism.

A. The Data Sources Layer
This layer is represented by the APIs available for
searching social networks data and their metadata, using the
connection keys provided by the providers of these
networks, through interfaces. In order to start the process of
search, libraries (APIs) are used, while introducing the
search keywords relevant, to collect data related to a subject.
In addition, this layer includes external sources of data that
will be exploited when needed, such as location data, for
example.

D. The analysis layer
The analysis layer includes an OLAP server, its role is
decisive insofar as it translates users' queries into requests
on the Data Warehouse and provides the results to decision
support tools. It has OLAP cubes, where data is sorted by
dimension. In our case the OLAP cubes will manipulate the
data of social networks, which can be aggregated according
to different dimensions (axes), by using aggregation
functions: min, max, count, sum, avg. We can use specific
functions. It should be noted that in the architecture that we
proposed results from the analysis layer, including data
mining can be stored, a second time, in the data warehouse
as a measure or dimension, which is represented by a loop
between the data warehouse layer and the analysis layer.

B. The ETL layer
In the ETL process we extract data from heterogeneous
sources (Extraction). Then, they are transformed to perform
necessary treatments and cleanings, using text mining
techniques (Transformation). Finally, we load this data in
the warehouse (Loading) [5]. In our approach, we also
propose to integrate data mining techniques in the ETL
process, in order to extract our measurements.

E. The presentation layer
The presentation layer is the different reporting tools
that enable the different visualizations of the analysis layer
as diagrams, maps, graphs, charts etc.

FIGURE 1. Proposed approche for analysis the activities related to
terrorism

IV.

Experiment

A. Realization of a Datamart
We chose to implement our approach on the social
network "Twitter", although our approach is applicable to
other social networks.
We made a datamart, which we can extend, and we took
as subject (subject) "terrorism". With our datamart we can
study other topics, so to detect other cyber threats by adding
other measures and dimensions, if necessary.
To realize our datamart, we followed these steps:
 Search, then extraction of tweets and metadata, using
R language. For this, the data needed for our
multidimensional
analysis
(extraction)
were
extracted using the bag-of-words (BOW) approach.
For this extraction, we chose the most representative
keywords of the "terrorism" theme (in French), for
that we used two semi-automatic methods, one is
based on a BOW representation of the text, and the
other is based on a Word2Vec representation.
 Perform a job of cleaning, processing and structuring
this data (transformation). Then, this transformed
data was loaded into a data warehouse (fact table and
dimensions), in the Postgres RDBMS (loading). In
this process we have integrated text mining
techniques to determine the score of a tweet
(sentiment analysis).
 The sentiment analysis, in our case, was based on the
dictionary FEEL (a French Expanded Emotion
Lexicon) [1] which contains, in addition to terms
related to the polarity (positive or negative), others
concerning emotions such as joy, anger, surprise,
sadness, etc. The choice of the FEEL dictionary is
motivated by the fact that wealth of this dictionary

C. The data warehouse layer
This layer is represented by a multidimensional data
model, dedicated to the analysis of business processes. It is
in this model that fact tables and dimensions as well as their
hierarchies are defined. In [6], the authors define the
dimensions and indicators of a multidimensional model as
the elements to answer the subject of a business process to
questions such as the following : Who? What? When?
Where? Why? How? How many? They call these seven
questions the 7Ws.
The first six questions make it possible to identify the
dimensions while the seventh one allows to define the
measures in the table of fact. The dimensions associated
with a fact represent the context of occurrence of the fact. In
our case, the dimensions could be: the user having published
content on a social network, its location and the time of
publication of this content. Regarding the table of fact, it
represents an event or a situation and an indicator
constitutes the measure of a fact. In our case a fact is the
publication of content in a social network and the extent of
the nature of this content deduced by data mining
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allows a better classification of our tweets. To
classify our tweets, we considered the text content of
these tweets belong to three classes: positive (if
Score> 0), negative (if Score <0), neutral (if Score =
0).
 For the determination of the dimensions, we propose
a datamart conceptual model contains five (05)
dimensions and one hierarchy, which are:
 Subject: the subject of the tweet.
 User: the author of the tweet.
 Community, which constitutes the hierarchy
of a set of user having the same class.
 Time: the time and date of creation of the
tweet.
 Location: The geographical location of the
author of the tweet.
 The table of fact is the publication of a tweet.
 Concerning measurements, we have taken S (Score>
0): an integer that represents the positive sentiment
of the user of tweet concerning the incitement to
terrorism.



Let U = {u1; u2; …; un}: all users of Twitter.
Let Si be an integer that represents the
sentiment expressed in a tweet tweet by a
user uj (Si = nbrPositifsTerms nbrNegativesTerms) .
Let Avg be a real representative of the
average of the scores of a set of tweets {tw1;
tw2; …; twn} published by a given user uj in
a
given
period.
we
thus
have
Avg = average (S1; S2;…; Sn), n is the total
number of tweets expressed by a user u j.
This average reassures us to classify more
accurately users into two (02) classes,
C1: "Incitement to terrorism" and C2: "No
incitement to terrorism".

Our decision rule is:



For this purpose, the conceptual model, which has been
implemented in a physical model of data under a relational
DBMS, is presented in "Fig.2," below.

if Avg > 0 then assign the user to the class
C1.
if Avg ≤ 0 then assign the user to the class
C2.

For the representation we used the platform
“Tableau Software”. This software enables efficient analysis
and publishing in a dynamic way, from a selection of data,
while allowing to find the best possible representation.

FIGURE 2. Datamart for the analysis incitement to terrorism

To show the validity of our approach, here are the results
of some queries, which we realized:
 Who are the users who incite to terrorism in the last
two months? This question is equivalent to say who
are the users that have a positive average score
(Avg>0), over a period of the last two months? The
response offred by our plateforme is represented by
“Fig. 3,”.
FIGURE 3. Users with a positive average score (inciting terrorism)

B. Analysis and presentation
To determine the users inciting terrorism, the analysis in
our approach is carried out as follows: It is known that one
aspect of behavioral analysis is the tracking of the variation
of a user's behavior over a period of time. Our idea is to
follow the sentiment expressed by a user during a period of
time. This will result in the calculation of the average score
of a user's tweets that can classify this user by "inciting
terrorism" or not. Since, if we take the sentiment for a single
tweet of a user, it can’t refer to a good ranking, since it can
be a parody or joke. But if we calculate the average of the
sentiments of this user for several tweets, according to a
threshold that we will determine, tweets for a period of time
in our case, we can be more sure of the orientation of this
user.

 What is the variation of the positive score of a user,
over a period of time? “Fig. 4,” shows the positive
variation of the user’s scores "Ratafloup" over a
period of 25 days.

Thus, we can propose the following modelization:
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FIGURE 4. Variation of the positive score of user with the screen name
“Ratafloup”

100 users who were automatically classified as inciting
terrorism, using our approach, and then exposed these
tweets to three specialists to classify these users into
"inciting to terrorism" and "not inciting to terrorism ".
TABLE 2. Confusion matrix
Classification by human
expertise
Automated classification
(100 users)

Inciting
Not inciting

Inciting

Not inciting

42
26

58
74

So, out of these 100 users classified "inciting terrorism"
by our approach, 42 users were judged "inciting terrorism"
by these specialists. Similarly, of the 100 users “not
inciting” by our approach 26 were judged “inciting
terrorism,” which has precision of 58%.

 What are the locations of users inciting to terrorism?
“Fig. 5,” presents the different locations of users
inciting terrorism.

V.

Conclusion and future work

In this work we used the techniques of data mining and
data warehouse to analyze a related to terrorism in the social
network twitter. With this in mind, with the help of Data
mining techniques were able to determine the positive
scores, that is to say the tweets inciting terrorism. Also, we
realized a datamart and with the help of the determined
multidimensional analysis the users inciting terrorism, their
localization as well as their retweeters.

FIGURE 5. locations of users inciting terrorism

We have seen that our approach allows detecting and
analyzing the users inciting terrorism and this, taking into
account the history in our analysis.
For further work in this area, several avenues of research
are possible:
 What is the number of retweets for users inciting
terrorism? Which is represented by “Fig. 6,”.

 Enrich and improve our model, especially the ETL
layer by exploring other tracks, such as those based
on machine learning methods and continuous
contexts
“continuous-bag-of-words”[10].
From
methods that can be used in this approach is
Word2vec is defined in [14]. This exploration will
allow us to improve our analysis process and stand
out better results.
 Introduce the notion of graph cube [23].
 Experiment our cyber threat analysis model in a BIG
DATA context using the MapReduce programming
paradigm.
 Experimenting with our datamart on other political,
security and social issues and enrich it with other
measurements and other dimensions to detect and
analyze other cyber-threats.

FIGURE 6. Numbers of retweets of users inciting terrorism

It should be noted that the number of retweets, in Figure
6, is in thousands, because we took k = 100, so 4k means
4000 retweets, 6k means 6000 retweets.
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Abstract— Rationality is an important characteristic of
agents. This characteristic reflects, among others, the reasoning
quality of agents. Consequently, it seems important to measure it
in order to control the quality of developed agents. In facts,
measurement in the multi-agent systems is now an active area.
Several metrics are proposed to measure different attributes of
multi-agent systems like the autonomy and the reactivity. In this
paper, we propose metrics to measure the rationality of JADEXbased applications. Jadex is a well-known platform to develop
multi-agent systems. We present also a tool we developed to
measure automatically the proposed metrics. The developed tool
is based mainly on aspect-oriented programming.
Keywords— Rationality, Metrics, Multi-Agent Systems, Jadex,
Aspect-Oriented Programming, AspectJ.

I.

INTRODUCTION

Software development as an engineering activity should be
based on using metrics and measurement in order to make
rational decisions and to avoid subjective ones [1]. In fact,
measurement consists of assignment of a value to an attribute
of object or event [2]. Consequently, the measurement activity
increases our ability of understanding and mastering the
studied object. However, the measurement in software
engineering is a hard activity because of the abstract nature of
software [1]. Thus, a special attention is made by the domain
community by proposing different metrics like the complexity
[3] and the quality of software [4].
Since the first studies that targeted the measurement of
software attributes [3], an immense evolution of software
paradigms has been made. In fact, several software paradigms
have been emerged in order to improve different software
quality attributes. For example, object-oriented programming
paradigm introduced several concepts (like classes, objects and
inherence) to improve the modularity, the reusability and the
maintainability of software. Naturally, this evolution of
software paradigms has its effects on the software
measurement. It is not suitable to apply specific metrics of a
software paradigm to another one. Following the previous
example, several metrics are proposed to take in consideration
the specificities of object-oriented programming (as instance,
new metrics are proposed to measure the modularity of objectoriented software [5]).

Hadjer MALLEK
Department of Mathematics and Computer
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University of Oum El Bouaghi
Oum El Bouaghi, Algeria
mallekhadjer@gmail.com

As one of relatively recent software paradigms, multi-agent
systems require also their own metrics. Indeed, several works
proposed specific metrics for the agent-based software [6].
These works aimed to measure common characteristics of
software like complexity [7], quality [8] and architecture [9] as
well as specific characteristics of multi-agent systems like
autonomy [10], social ability [11] and pro-activity [12]. We
think that proposing new metrics for multi-agent systems is a
very promising area because of the current application fields of
this software paradigm. Nowadays, the agent technology is
applied in various domains from simplest to the most
complicated ones and it is considered as an ideal paradigm to
develop complex systems. Consequently, proposing specific
metrics for multi-agent systems allows controlling the quality
and the performance of the developed systems, regarding the
requirement because unsuitable values of some characteristics
can produce catastrophic results. For instance, despite that the
autonomy of agents is a useful characteristic, an agent with a
very high level of autonomy become dangerous because it can
search to satisfy its own goals instead of satisfying the user
requirements.
The rationality is an important agent’s characteristic [13].
However, there is no study addressed its measurement. In our
opinion the lack of specific metrics for this characteristic is due
to considering it by the research community as an optional
agent’s characteristic compared to the fundamental
characteristics (like autonomy, social ability and pro-activity).
Almost the majority of works proposed in this field aiming to
measure only the fundamental characteristics [10, 11, 12].
However, we think that this field is reached a maturity level
allowing the study of more optional ones. In this paper we
proposed some metrics to measure the rational of agents
developed using Jadex platform [14]. Moreover, we developed
a tool allows calculating these metrics automatically.
The remainder of this paper is organized as follows: section
2 is devoted to present related works. Then, we present in
section 3 an overview about Jadex platform followed by
presenting the proposed metrics and the developed tool.
Finally, we present conclusion and some future works.
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II.

RELATED WORK

Proposing new metrics for multi-agent systems is in full
evolution [6]. In fact, we can distinguish mainly two kinds of
metrics proposed in this field. Firstly, some works proposed
new metrics for common characteristics of software with
taking into account the specificities of multi-agent systems.
The quality [8], the complexity [7] and the architecture [9] are
examples of these characteristics. Marir et al. [7] proposed to
measure the complexity of multi-agent systems. They proposed
to measure this attribute in two levels: the agent and the system
level. Then each level is measured by a set of metrics which
addressed structural, behavioral, social and the interactional
aspects. In addition, a model of the quality of multi-agent
systems is proposed in [8] with several metrics that allow
measuring the quality of such systems.
The architecture of multi-agent systems can also be
measured by using a suite of metrics [9]. The architecture of
such systems can be evaluated according to three attributes:
modularity, extensibility and complexity. Each attribute is
measured by using a set of metrics inspired from objectoriented programming.
Secondly, several works targeted the measure of specific
attributes of multi-agent systems. On this context, works
proposed by Alonso and al. [10, 11, 12] represented the most
prominent. In a serial of works, the authors proposed metrics
for the most important characteristics of multi-agent systems
like autonomy, social ability and pro-activity. In each work, the
targeted characteristic is devised into its main attributes and
these attributes are measured using a set of metrics.
Despite works presented in this field, we can notice that
several characteristics of multi-agent systems are omitted. In
fact, we think that the research community targeted in the first
times to the fundamental characteristics of such systems. In
addition we believe that this software paradigm has reached a
maturity level that allows addressing some characteristics
considered as optional. In this work we addressed one of these
characteristics called the rationality.
III.

JADEX PLATFORM

Jadex [14] is an extension of JADE platform to allow
implementing of BDI (Belief-desire-Intention) model [15].
This later is a model conceived to explain the complex human
behavior in a simple way. Thus, the BDI model is based on
mental attitudes (beliefs, desires and intentions) that are
modeled as possible world states. Hence, beliefs represent the
state of the environment as is perceived by the agent. On the
other hand, desires are the world states that the agent wants to
reach. Intentions represent desires that the agent started to
realize. Consequently, Jadex can be seen as a reasoning engine
allows selecting the suitable plan based on the beliefs and the
goals of the agent.
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Fig. 1. The abstract architecture of Jadex platform [13].

Fig. 1 shows the abstract architecture of Jadex platform. It is
composed of three main components [14]:
 Beliefs: in contrary to other BDI systems that
represents beliefs using some kinds of first order
logic or relational models (like Jason and
JACK), Jadex used an object-oriented
representation of beliefs. This representation is
motivated by one of the objectives of Jadex
project which is adoption of software
engineering perspective for describing agents.
Hence, beliefs are stored as simple facts (called
belief) or as a set of facts (called belief set).
 Goals: are representing the desires of an agent.
After creating a goal, this later can be in active,
option or suspended state. Actually, an option is
a new goal created and adopted by an agent (it
was added to the goalbase of the agent). After
goal deliberation, the agent can decide to realize
this goal (activate it) or suspend it if its context
is not valid. Moreover, we distinguish four types
of goals: perform, achieve, query and maintain
goals. Perform goals are one defined by a
specific plan. Hence, an agent will reach this
kind of goal when it executes the related plan.
An achieve goal is a goal specified by the
desired state of the world without specifying the
related plan to reach this state. Is to agent to find
the plan to reach this desired state. The query
goals are similar to achieve goals but they are
related to a state of the agent instead of a state of
the world. Finally, in the case of a maintain goal,
the agent will keep track a desired state, and he
will execute an appropriate plan to re-establish
this state to the desired one whenever needed.

Plans: behaviors of agents are specified by
plans. Each plan is composed of head and body.
The head specifies goals related to the plan,
events handled by it and preconditions for its
execution. The body of a plan represents the
actions to be executed when the plan selected.
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In addition to these three main components, Jadex
introduced the capabilities component that represents a
grouping mechanism for the above elements (beliefs, goals and
plans) to ensure the reusability attribute.
Jadex provides a hybrid approach to develop multi-agent
systems. It is based on existing agent programming language
(based on Java) with an XML extension to specify the static
aspects of the agent. Hence, the static aspects of an agent are
specified with Agent Definition File (ADF) and it includes
description of beliefs, goals, head of plans and their initial
values. Contrariwise, the dynamic aspects of an agent which
represents the plan bodies are represented by Java language
with an API that allows accessing to BDI facilities.
IV.




A. The Proposed Metrics of the Rationality of Jadex Agent
After specifying the main characteristics of a rational agent,
we will present in this section some metrics to measure them.
Thus, the rationality can be measured by using the following
metrics:


THE PROPOSED METRICS AND THE DEVELOPED TOOL

Obviously, understanding a concept is the cornerstone of
proposing metrics to evaluate it. However, formalizing
unanimous definition of ambiguous concepts (like the
rationality, the intelligence and the quality) is a hard task. One
of reasons that made of the rationality concept an ambiguous
one is its nature as one of concepts studied by various fields. In
fact, the rationality is a concept which is studied in different
fields from philosophy, sociology and economy to applied
sciences like artificial intelligence [16]. Naturally, each field
studied the concept from its own point of view. For example, a
rational behavior is viewed in philosophy and sociology as a
behavior emerged and influenced by reasoning process [17].
However, in economy the rationality is defined as using
reasoning process to reach a goal within an optimized way
[18]. Hence, the rationality in economy implies enhancing
profits and minimizing costs.



The rationality of agents can be studied according to the
artificial intelligence point of view because multi-agent
systems are emerged from the interaction between artificial
intelligence, distributed systems and software engineering. So,
Russel and Norvig [16] define the rational agent as an agent
which executes the adequate behavior. An adequate behavior is
a behavior that makes the agent more close to his goal.
Moreover, an ideal rational behavior is a rational one that
minimizes the cost of reaching its goal [16].Also; a rational
agent can always justify his decisions because they are the
result of deliberation reasoning [19].



Choosing the adequate behavior should be based on the
current state of the agent and its environment. In fact, this state
is represented by the agent’s beliefs. In addition, an agent
should be able to update its beliefs according to the
environment state. For this reason, a rational agent has
perception abilities that allow to him to react to its
environment.



Finally, we can conclude that the rationality of an agent is
determined depending on the following characteristics:



A set of beliefs allows representation of the
agent’s state and its environment to ensure a
suitable decision.
A minimum using of agent’s resources.
A successful execution of plans which results the
reasoning process.

The existence of a reasoning process that justify
the decision of the agent.
A set of actions that allows the agent to choose
the adequate action depending on the current
situation.
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The average size of plans: as is already
explained, the rationality is strongly dependent to
the cost of reaching the goal. So, to reach its
goal, an agent should execute plans. The average
size of plans can give us an idea about some
resources like the execution time and memory
space. Knowing that the plans are coded as Java
classes in Jadex platform, we can calculate the
average size of plans as the average number of
instructions used to code all the plans.
The average number of plans: a rational agent
is the one that selects the suitable plan to reach
its goal. In fact, choosing a plan is a key factor
for rational agent because we can not consider an
agent as a rational one if he has not the choice
even if the executed plan is adequate.
Consequently, we propose to calculate the
number of plans compared to the number of
goals as a measure of rationality. While the plans
are coded as a Java classes, in Jadex platform the
goals are described in the description of the agent
(ADF).
The ratio of beliefs per goal: beliefs represent a
fundamental element to ensure reasoning
process. This later is a key factor of a rational
behavior. In the other hand, beliefs are one of
elements that are using memory resources.
Consequently, we calculate the number of beliefs
described in the agent compared to the number of
its goals as a measure of the rationality.
The number of executed plans: an agent can
use various resources dependently to the
application. As a result, it is hard difficult to
propose generic metrics that specify all the used
resources. However, we can remark that using
resources is closely dependent to executed plans.
Hence, we propose the number of executed plans
as a measure of rationality that reflects using of
resources. We can calculate the number of
executed plans by calculating the number of
executed body() method.
The average execution time of plans: despite
that we proposed to measure the rationality using
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the size of plans, we think that this measure is not
enough. In fact, the size of plans considers that
all the instructions are equal during the
execution. Practically, the instructions have not
the same execution time because the existence of
loops and alternative instructions. Hence, we
propose to measure the average execution time of
plans as an indicator of used resources. This
metric is calculated by calculating the execution
time of body() method compared to number of
body() execution.
The number of accessing to beliefs: access to
beliefs by reading or updating them is an
indicator of reasoning. In fat, reasoning process
consists of using the current state of beliefs to
generate new beliefs or actions by means of a set
of plans. Moreover, updating the beliefs’ state
can also make because updating the environment
state. It is an indicator of using updated
information about the environment during the
reasoning process which enhances the rationality.
Access to the beliefs in Jadex platform can be
made by two functions: setFact() and getFact().
Thus, we calculate the number of execution of
these functions as a measure of the rationality.
The ratio of achieved plans: we explained
above that the rationality is related to the plans
success. Hence, we propose the ratio of achieved
plans as a measure of the rationality. This metric
is calculated as the number of achieved plans
compared to the number of executed plans. An
achieved plan in Jadex Platform is recognized by
the execution of the method passed().

extensibility [21]. Fig. 2 shows the principle of this software
paradigm.

Fig. 2. The principle of aspect-oriented programming.

The static metrics are calculated by analyzing the code of
the application. Knowing that a Jadex-based application is
composed of two files (one XML file to describe the agent
(ADF) and the another a Java file to describe the plans), the
static metrics consisted in analyzing both of them. Fig. 3
presents the architecture of the developed tools. We used an
open source API (called JDOM) [22] to represent and
manipulate the ADF files in order to calculate the static
metrics. Moreover, the tool is composed of a library of aspects
developed using AspectJ [23]. These aspects allow picking out
the execution of essential events related to the proposed
metrics (like the execution of body() and passed() methods).
Fig. 4 presents an example of aspects that is used to pick out
the deferent methods relevant to our metrics.

B. The Developed Tool and a Case Study
In order to calculate automatically the proposed metrics, a
tool has been developed as a form part of this work. This tool
allows the user to measure static and dynamic metrics. Static
metrics (like the average size of plans) are calculated from the
code of the application under the evaluation. In the other hand,
dynamic metrics (like the ratio of achieved plans) require the
execution of the application.
Dynamic metrics are calculated using aspect-oriented
programming [20].This paradigm is relatively a new one which
is proposed to enhance the modularity of software by
separating crosscutting concerns from core concerns. The basic
element in aspect-oriented programming is the aspect. An
aspect includes several entities like pointcuts, Join points and
advices. A join point represents a well-defined point in the
execution of a program in which an aspect will be integrated.
Contrariwise, a pointcut allows the specification of join points
in the aspect. It represents a method execution, call of a method
or update of an attribute. Finally, an advice is a specification of
code that will be executed by the aspect. Marir et al. [21]
demonstrated the advantages of using aspect-oriented
programming to measure dynamic metric of multi-agent
systems. In fact, it provides the simplicity, reusability and
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Fig. 3. The abstract architecture of the developed tool.
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Fig. 6. The results of the average size of plans metric.

Fig. 4. An example of used aspects.

In this paper, we applied the proposed metrics to Mars
World application [24]. This later is composed of three agents
that explore the environment (Mars World) for ore resources
and bring as much ore as possible to the agents’ homebase.
When the mission time has expired the agents have to abort
their current actions and return to the homebase. The first agent
is the sentry agent. It has the task to find ore resources inspect
them if they can be exploited. Therefore the sentry agent has
the greatest vision of all agent types. To find the ore resources
more quickly all other agents report to the sentry about
resources they explored. The second one (Production Agent) is
called to a target from a sentry to produce as much ore as the
capacity of the resource permits. When finished the agent calls
for carry agents to bring the ore to the homebase. Finally, the
third agent (called Carry Agent) has the task to bring ore from
targets to the homebase. It is called by the production agent.
Fig. 5 shows the interface of this application.

Fig. 5. The interface of Mars World application.

After the execution of this application using our tool, we
can show the results of the different metrics. Fig. 6 shows the
results of the average size of plans of the three agents. As
example, the average size of plans of the sentry agent is 24
because it has three plans with sizes equal to 18, 39 and 15
instructions. Moreover, the developed tool allows also
calculating of dynamic metrics. Fig. 7 presents the number of
accessing to beliefs metric for the agents of Mars World. We
can remark that this metric started from zero for all the agents
and progress continuously according to the application
execution.

Fig. 7. The results of the number of accessing to beliefs metric.

V.

CONCLUSION

Measurement is a vital task in software engineering. It
allows controlling the quality of software and their process of
developing. In fact, many metrics are proposed to evaluate the
different factors of software such as quality and complexity.
Moreover, proposing of metrics is in full evolution because of
the continuous emergence of new paradigms. For example,
multi-agent systems are relatively a new software paradigm
which drew attention of the research community by proposing
specific metrics for its different attributes as autonomy,
reactivity and pro-activity. Despite that rationality is an
important characteristic of intelligent agents, proposing metrics
for it is omitted. For this reason, we proposed in this paper
some metrics that allow measuring the rationality of agent.
Naturally, proposing these metrics is passed by analyzing this
concept. Moreover, we presented in this paper a developed tool
as part of this project that allows calculating the proposed
metrics. This tool is developed using aspect-oriented
programming to assess the dynamic metric, as it analysis the
code of the application (XML and Java files) to assess the
static metrics.
We propose as a future work to enhance this work to assess
other attributes like the flexibility and the intelligence. In
addition, we think that the proposed metrics will be more
beneficial if they are generic. So, we propose to generalize the
proposed metrics to be suitable with other multi-agent
platforms.
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Abstract— This work investigates the detection
threshold optimization of the distributed trimmed-mean
constant false alarm rate (TM-CFAR) algorithm. The
algorithm TM-CFAR is chosen to solve the serial
acquisition of the PN sequences problem. The acquisition
system uses several identical sensors; every individual
sensor makes a local decision. The overall decision, which
is zero or one, is obtained at the data fusion center, which
is grounded by “AND” and “OR” fusion rules, in the case
where signals are independent from sensor to other. Under
Rayleigh fading channel assumption, the analytic
expressions of false alarm and detection probabilities are
derived. The proposed system generates non-linear multivariable equations, which are difficult to optimize using
conventional optimization methods. To overcome this
problem, an efficient methodology for simulation based
particles swarm optimization (PSO) is suggested from a
variety of meta-heuristic techniques. The obtained results
demonstrate that, the proposed optimization method
shows a powerful and useful tool to solve such problem in
terms of achieving lower false alarm probabilities and
higher detection probabilities.
Keywords— ATM-CFAR, identical case, PN sequences,
code acquisition, particles swarm optimization, Rayleigh
fading channel.

I.

Introduction

The acquisition of PN sequence task is one of the most
popular techniques. It is used in several applications, such as
cellular network, optic communication and satellite
communication systems. The acquisition of PN codes can be
considered as a signal detection problem. The signal detection
is a procedure which can be implemented in various
applications such as radars, sonars, and communication
systems. The Main goal of this procedure is thus the design of
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an optimal receiver according to certain criteria, which are
determined by the type of signal detection environments.
Achieving acquisition is one of difficult problems in low
signal to noise ratio (SNR) environments. Also, the
performance measurements of interest (i.e., the probability
that the H1 decision is a correct detection “PD” and the
probability that it is a false alarm “PFA”) degraded in these
conditions [1]. Thus, constant false alarm rate (CFAR)
algorithms are used in this work.
The goal in distributed CFAR systems is to maximize the
total probability of detection (Pd) while keeping the total
probability of false alarm Pfa constant. So, the mathematical
development of both the overall Pd and the overall Pfa, for a
distributed system that contains more than one sensor,
generates a system of non-linear equations, which is difficult
to optimize. Consequently, the classical methods become
inadequate to find the global optimum and so, the use of
stochastic search techniques such as Genetic Algorithms
(GAs) or Evolutionary Strategies (ESs) becomes necessary
[2]. These techniques are based on the selection of better
solutions, which are achieved using the reproduction
operators. Not far from the latter techniques, the metaheuristic method of particle swarm optimization (PSO) was
introduced by Eberhart and Kennedy in 1995 [3] and was
inspired from the social behavior of living beings.
Recently, some work on adaptive acquisition of PN
sequence using multi-censor processing has been reported in
[4]. In this work, authors develop the theory of order statistics
CFAR (OS-CFAR) and censored mean level detector CFAR
(CMLD-CFAR) detection using multiple sensors and data
fusion, where detection decisions are transmitted from each
OS-CFAR or CLMD detector to the data fusion center. The
overall decision is obtained at the data fusion center based on
“And” and “Or” fusion rule. They maximize the global
probability of detection for a given fixed global probability of
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false alarm by optimizing both the scaling factor T and the
estimated noise level K of the above processors using PSO.
The goal of the present work is to propose the use of this
simple and efficient approach for the optimization of the
distributed TM-CFAR detector thresholds efficiency, by
optimizing the scaling factor T, the k1 cells trimmed from the
lower end and the k2 cells trimmed from the upper end of each
TM-CFAR processor. In this study, a particle swarm
optimization algorithm is coupled with multi-censor adaptive
acquisition serial search of PN sequence simulation program
by means of a MATLAB code to enhance performances of the
acquisition system.
The paper is organized as follows: In Sect. 2, the proposed
distributed adaptive acquisition system based on TM-CFAR
processor is presented and described. In Sect. 3, this system is
analyzed, and expressions for the detection and false alarm
probabilities are given as a function of T, k1 and k2. In Sect. 4, the
particle swarm optimization technique is reviewed. In Sect. 5, we
evaluate the acquisition and detection performances of the
proposed schemes based on simulation results. In Sect. 6, the
concluding remarks are given.

II.

System Model

The proposed system (Fig.1) is composed of N censors
(antenna elements), each one is followed by an adaptive

Fig.1. Proposed multi-censor adaptive acquisition system.
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detector (AD) with correlation tap size R. Each AD consists of
two blocks: the first block contains the conventional noncoherent matched filter (MF) correlator; it is composed of two
independent branches: the inphase and the quadrature phase.
The second uses the constant false alarm rate technique to
adjust the adaptive threshold of the decision process. The
received PN signal is corrupted by noise and multipath
interferences; it arrives at the input of each censor at the same
time. Each AD makes a local decision, which is zero (no
synchronization) or one (synchronization). The global decision
to continue or to stop searching for the proper code alignment
is made in the fusion center using the considered fusion rule
(And or Or).
If the fusion center declares that the present cell is the
correct one (H1 cell), then the decision is made to stop search,
the tracking loop is triggered, the phase of the local PN code is
retarded by TC, where TC is the chip time of the PN code, the
next cell is then examined, and the whole testing procedure is
repeated. The parameter  is usually take the values 0.25, 0.5
or 1, in our case  is equal to 1. On the other hand, if the
fusion center fails to indicate that the present cell is the correct
one (H0 cell), the acquisition scheme automatically adjusts the
local and the incoming code phases to the next offset position
and the search of the synchronized cell is repeated.

The threshold value of the comparator in each AD is
adjusted in accordance with the magnitude of the incoming
signals. Accordingly, the noncoherent detectors outputs are
sent serially into the N shift registers, each of length M+1
called reference windows. Each first register, denoted Yi,
i=1,2,…, N, stores the output of the test phase. The acquisition
system stores the output of the previous M offset positions in
the following M registers, denoted by Yij, i=1,2, …, N and
j = 1, 2, …, M. Using the TM-CFAR algorithm in each AD,
the system can estimate the background noise power of
incoming signals and reject automatically the interfering cells,
without a priori information about the channel characteristics.
In order to make a decision about the presence or the absence
of the desired signal, the adaptive threshold values are
calculated dynamically according to the desired false alarm
rate values of the TM-CFAR used by the N adaptive detectors.
M and N are the number of censors and the number of
reference cells in each AD, respectively.

( Pfai , i=1, 2,…, N) of each AD, and then the desired global
false alarm rate Pfa .
The ordered samples are not independent and identically
distributed (iid) random variables even when the original
samples Yij, i=1,2, …, N and j = 1, 2, …, M, are iid random
variables. However, the following transformation results in
independent quantities [6]:

Wip  k p' Z ip'

(5)

where, k p'  M  k1  k2  1  p , p  1, 2,, M  k1  k2 , and

Zi'1  Yi ( k11)

Z i'2  Yi ( k1  2)  Yi ( k1 1)

(6)



Zi'( M k1k2 )  Yi ( M k2 )  Yi ( M k2 1)
III.

Analysis of Decision
Processors

The estimate values of the noise power level Xi are
obtained by the remaining (M  k1  k2 ) cells in each AD (non
censored), as:

The received signal is then processed by the in-phase and
quadrature phase channels, assuming a correlated chi-square
signal with two degrees of freedom embedded in Rayleigh
fading channel. Referring to Fig.1, the probability density
function “pdf” of the hypothesis H1, fY ( y / H1 ) , in the output
of each non-coherent detector can be expressed as [5]
fY ( y / H1 ) 

 y 
1
, y  0
exp
1 
 1  

M  k1  k 2

Wip , i = 1,2,…, N

i=1, 2,…, N. Considering these conditions, the false alarm rate
is found to be:

Pfai 

M  k1  k 2

 MV j (T ),

Xi 

M V1 (T ) 

M!
k1!( M  k1  1)! ( M  k1  k 2 )

(4)

where, all ADs have the same number of reference cells M,
and k2, can be considered as the estimate numbers of samples
containing multipath replicas, generated by the censoring
block of each AD. Hence, the values of k1 and k2 are used to
yield the statistics Xi, i=1, 2, ,…, N, and the scaling factor
value T which realize the desired false alarm probabilities

(9)

, j = 2,…, M  k1  k2

(10)

and

M V j (T ) 

M k2

 Yi ( j )

 k1 
  1k1l
l
  
M l
l 0
T
M  k1  k 2
k1

(3)

j  k1

(8)

where,

(2)

Then each TM-CFAR processor trims k1 cells from the
lower end and k2 cells from the upper end, the remaining ones
are summed to estimate the noise power level, as:

i = 1,2,…, N

j 1

Using the algorithm TM-CFAR, the reference cells of each
AD are ranked firstly in ascending order according to their
magnitude to form the ordered samples

Yi (1)  Yi (2)    Yi (M ), i  1, 2,, N

(7)

p 1

Each value Xi, i=1, 2, …, N, is then multiplied by the
constant T in order to the desired false alarm probability Pfai ,

(1)

where  denotes the average signal to noise ratio (SNR), and
the pdf of the sample H0 is

fY ( y / H 0 )  exp y , y  0

Xi 

aj
aj T

where,

aj 

M - k1  j  1
M - k1  k2  j  1

(11)

The detection probability Pdi is obtained by replacing T
with T/( 1+) in (8). To obtain the global decision, two fusion
rules are considered: “And” and “Or”.
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And rule : In this case, the global probabilities of
detection and false alarm are given by
N

Pd   Pdi

(12)

i 1
N

Pfa   Pfai

(13)

i 1



Or rule : The global probabilities Pd and Pfa can be
expressed as
N





(14)





(15)

Pd  1   1  Pdj
j 1
N

Pfa  1   1  Pfaj
j 1

It is clear from these equations that the thresholds of the
detectors TM-CFAR used in ADs have a nonlinear property
according to the estimated parameters of the noise power. The
classical method can give an estimate value of the detection
threshold far from the optimum. For improving the detection
performances, we propose the use of an intelligent system for
the optimal estimate of the detection thresholds. The optimal
threshold is obtained by achieving a higher global detection
probability and keeping the global false alarm rate in a desired
lower value, using particles swarm optimization (PSO) algorithm.
In the sense of the Neyman-Pearson, the objective function (or
fitness) to be minimized by the PSO algorithm is defined by
[2]
Fitness(T , k1 , k 2 )  1  Pd (T , k1 , k 2 )



1
. Pfa (T , k1 , k 2 )   0
0

xi (t )  xi (t 1)  vi (t )
where the velocity vector is defined as

(17)

vi (t )  vi (t  1)  c1 .r1 [ Pbesti (t  1)  xi (t  1)]

(16)

c2 .r2 [Gbesti (t  1)  xi (t  1)] (18)
where  is the inertia weight to control the effect of the
particle previous velocity on the current one, Pbesti (t  1) is the

where, α0 is the global desired false alarm probability.
IV.

Fig. 2. Flowchart depicting the general PSO algorithm.

PSO Technique

Particle swarm optimization (PSO) algorithm is a powerful
approach inspired from the collective behavior of social
animals living in swarm and their aptitude to optimize a total
objective by collaborative research in a space. The PSO is a
stochastic search technique, characterized by its simplicity and
efficacity, applicable to solve problems with several variables,
and in a space of research to one or several dimensions, it has
many similarities with the evolutionary strategies. These
solutions are used in an algorithm of update in order to
optimize an objective in future generations. However, instead
of using evolutionary operators to manipulate individuals, like
other algorithms of evolutionary calculation, the PSO rests on
the exchange of information between individuals, who are
particles of a population called swarm [3]. Each particle,
which represents a potential solution, moves in the space of
research with an adaptive speed while following the current
optimal particles. Fig. 2 demonstrates the workflow of PSO
algorithm. The position of each particle xi (t ) is calculated
using the following expression [3, 4]
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best previous position of each particle named particle best
position, Gbesti (t  1) is the best position of all the particles
(called the global best particle), c1 and c2 are accelerations
usually defined as positive constants, r1 and r2 are random
values in the range of 0 and 1.
V.

Performances evaluation

In this section, we will employ the PSO algorithm described in
the previous section for the optimization of local thresholds of
distributed TM-CFAR detectors. First, the research intervals
are set to T [0,10] , k1 [1, (M / 2)  1] and k2 [1, (M / 2)] ,
where M is the reference window size of each detector. The
initial population is composed of about 30 particles, where
equation (16) is used as the objective function, in the sense of
the Neyman-Pearson criterion. The maximum generation is set
equal to 100 and  is fixed as a decreasing linear function of
time from 0.9 to 0.4. The SNR/Chip is fixed at the value 10
dB for “And” and “Or” fusion rules to compute the values of
T, k1 and k2 on off-line leading to best performance.

Tables 1 and 2 below show the corresponding optimal
values of T, k1 and k2 in different situations for the fusion rule
“And” and “Or”, respectively. For the acquisition system, the
uncertainty region q is set to 1023, R to 64,  to 1 and the
penalty factor K to 1000, with a rate of 1 Mbits/s.

TABLE2: ESTIMATED PARAMETERS OF DISTRIBUTED TM-CFAR DETECTORS,
USING PSO ALGORITHM FOR THE FUSION RULE “OR”.

In this case, it is noted that the best results are those
obtained for the system which has a large number of local
detectors. Also, the performances of detection are degraded by
decreasing the desired probability of false alarm; and when we
compare the results of Tables 1 and 2, we observe a clear
improvement in the results of the detection probability (Pd)
using the fusion rule “Or”, i.e., the fusion rule “Or” gives the
best detection results compared to the fusion rule “And”.
The evolution of the global probability of detection Pd
according to the SNR/Chip (dB) variation is represented, for
the fusion rules “And” and “Or”, by Figs. 3 and 4 respectively,
for various values of Pfa, a fixed value of the number of
reference cells M = 16, and supposing that the system contains
two identical detectors (N = 2). According to these two
figures, it can be observed that there is a significant
degradation of the detection probability value, for the two
fusion rules “And” and “Or”, imposed by the reduction in the
probability of false alarm Pfa.

To see More clearly the difference between the obtained
results of the two fusion rules “And” and “Or”, we represent
the variation of the total detection probability as function of
the SNR/Chip (dB) for the distributed TM-CFAR system. The
performance of the distributed TM-CFAR system, in terms of
the detection probability is represented on Fig. 7, considering

Figs. 5 and 6 represent the evolution of the global
detection probability versus the SNR/Chip (dB), for the fusion
rules “And” and “Or”, respectively. From these two figures it
is shown that, plus the number of detectors in the distributed
system is high, plus the detection performance is improved.
Thus, the system using the fusion rule “Or” with 5 detectors
has better performances, compared to the fusion rule “And”.
TABLE I. ESTIMATED PARAMETERS OF DISTRIBUTED TM-CFAR DETECTORS,
USING PSO ALGORITHM FOR THE FUSION RULE “AND”.
Fig. 3. Probability of detection according to the SNR/Chip(dB) for various
values of Pfa, considering the “And” fusion rule.

Fig. 4. Probability of detection according to the SNR/Chip(dB) for various
values of Pfa, considering the “Or” fusion rule.
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Fig. 5. Probability of detection according to the SNR/Chip(dB) for various
number of local detectors N, considering the “And” fusion rule.

Fig. 6. Probability of detection according to the SNR/Chip(dB) for various
number of local detectors N, considering the “Or” fusion rule.

two identical detectors (N = 2) with a value of the Pfa =10-4, a
number of reference cells M = 16 and R = 64 during 100
iterations of the algorithm PSO. Through the results of this
figure, which represent the variation of the probability of
detection according to the signal to noise ratio, for the “And”
and “Or” fusion rules, we can observe that, the superiority of
the detection probability is given by the fusion rule “Or”,
compared to the results of the fusion rule “And”.

Fig. 7. Probability of detection according to
consideringthe “And” and “Or” fusion rules.

An algorithm PSO adapted to the treated this problem was
proposed here. So, the components of each particle of the
swarm represent the parameters of the distributed TM-CFAR
system, which we want to define. The criterion of NeymanPearson was adopted like an evaluation function and the initial
parameters were selected in an empirical way. Thus, we
studied the influence of a certain number of factors able to
modify the system properties. Where, the effect of the number
of detectors TM-CFAR, the effect of the SNR value variation
and the effect of the desired Pfa are taken into account. The
impact of the two fusion rules “And” and “Or” is also studied
here. It is clear that the best performances of detection were
obtained for the system which contains a high number of
detectors, for the “Or” fusion rule in the majority of situations.
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Spurious Trip Rate Modelisation and Quantitative
assessment of Emergency ShutDown system in the oil
and gaz industry
Abstract

making for improving the performance of SIS, hence the main target
of this work.

The main purpose of Safety-related implementation systems is
to maintain safety condition of a plant or equipment from the
hazardous events, but even if no indications of impairment are
present, the instrumented safety system is may spuriously trip. These
activations are characterized in terms of spurious trip frequency rate
and their occurrence can lead to significant technical and economic
losses.

To achieve this objective, the rest of this paper is structured as
follows. Section II contains a description of a SIS and its spurious
trip. In section III, an examinations and comparisons of different
approaches, providing the analytical formulations of spurious trip rate
is developed. The section IV offers a presentation of the proposed
approach. Finally, the section V is dedicated to an application to an
industrial installation RGTE (Gas Flares recovery of the field of
Edjelet In Amens ILLIZI Algeria) with a summary of the presented
work and suggestions for future contributions.

The identification of these trips, their causes, their effects and
their evaluations have been the subject of several studies. Therefore
, this work aims to propose a risk analysis modelling of Spurious
Trip (ST) to safety instrumented system (SIS) installed in an
industrial installation of Edjelet gas flares recovery project The risk
analysis tool, the fault-tree analysis method and the STR estimation
according to different approaches are drawn from literature .
Keywords— Saftey instumented systems , Spurious activation,
Spurious trip rat , Fault tree Analysis.

I.

Introduction

Industrial plants are technically becoming very complex and if
dangers are not properly controlled the potential hazard will be
increasing accordingly. In this view, risk management required the
implementation of risk control measurements commonly referred as
safety barriers, such as the Safety Instrumented System (SIS). This
SIS are implemented in order to ensure safety envelope operating of
such installations i.e. reducing risks to level below or equal to a
tolerable risk.
The activation of SIS may observe after the occurrence of
specific impairment (dangerous situations) compared to the normal
operation (normal situations), but in some cases SIS are activated in
the absence of deviations or demands: it is spurious activation (Ref).
Indeed, the unpredictability of these activations makes them
critical. The functional analysis and feedback related to ST has
shown that their occurrence lead to significant techno-economic
losses (loss of production, maintenance costs, cost of restarting the
Process, decreasing the SIS confidence level, Clients complaints,
etc). Consequently, the identification of these activations, their
causes, their effects and their assessment is necessary.

II.

Instrumented Safety Systems and Spurious Trip

IEC 61508 [12] defines systems for safety applications by "an E /
E/EP system (electrical / electronic / programmable electronics) that
includes all system components necessary to fulfil the safety
function".
IEC 61511 [13] defines instrumented safety systems as "an
instrumented system used to implement one or more instrumented
safety functions (SIFs)". SIS includes any combination of (Fig.1):
Subsystem S (Sensor): it comprises a set of input elements
(sensors, detectors) that monitors the physico-chemical parameters
evolution typical of the process behaviour (temperature, pressure,
flow, level ...). This change is recognized by the relevant sensors
which transmit a signal to the subsystem LS (Logic-Solver).
Subsystem LS: This subset of logical elements executes the
decision-making process through the activation of the third FE (Final
Element) subsystem.
Subsystem FE: these elements act directly (emergency stop
valves) or indirectly (solenoid valves) the drift on the process is
neutralized and the system automatically shuts down (safe status)
after a duration that must be specified for each security
function.

The quantitative assessment of these activations is used for
calculating the Spurious Trip Rate (STR). According to different
approaches, several analytical formulas related to the estimation of
STR are developed in the literature [3], [8], [13], [17].
Company owners think that it is undeniable to minimize this type
of trip as much as possible. The analysis and the quantitative
assessment of these risks will provide a useful tool in the decision-

Fig. 1. SIS Example [12].
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A safety instrumented function (SIF) is a function to be
performed by SIS intended to ensure or maintain a state of safety of
the relevant equipment (EUC: Equipment under Control) with respect
to a specific hazardous event.
SIS can implement one or more SIFs. For a given situation,
several safety functions may lead to a decrease in the occurrence
frequency of the hazard.
The functional architecture of SIS is a set of SIFs comprising
three basic features, detection (or measurement), processing (or
decision), and operation.

A. Classification of SIS failures
IEC 61508 [12] standad adopts a classification comprising two faults
categories: physical (random hardware) and functional (systematic)
(Fig.2).
Random faults of the material described by the above standard is the
following: "faults occurring randomly and resulting from various
mechanisms of damage in the hardware":

Fig. 3. Failures classification based on IEC 61508 [3].
As defined below, and according to SINTEF [17]: a more
realistic classification than the previous one has been developed to
include the spurious failures and non-critical failures as summarized
by the tree indicated in Fig.4
At the component level SINTEF's PDS method considers, three
types of failures: dangerous, spurious and non-critical.
From this classification, a classification of the failure rates
summarized below has been developed [3]:

 Aging equipment: Failures due to aging are called natural or
primary failures. !!
 Excessive constraints: these constraints can be induced by
external factors or by human errors these failures are called
secondary failures.
Systematic failure is defined by the same standard as a
"deterministically related failure" that can only be eliminated by a
change in the design or manufacturing process, operating procedures,
documentation or other appropriate factors".
 Design failures: These failures are introduced during one of the
phases of the system lifecycle. They are dormant, and revealed during
the operation of the system and can generally be eliminated only by a
modification of the design or manufacturing process. Typical
examples of such failures are design defects in software and
hardware.
 Interaction failures: these failures are caused by human errors
during operation, maintenance …

Fig.4 Faults Classifications acoording to SINEF [17]
• λDD and λDU are those defined by the standard.
• λSTD is the failures trip rate detected. It corresponds to the λSD
of the standard.
• The sum of (λSTD + λNONC) corresponds to the λSU of the norm.
• The sum (λD + λSTD + λSTU) is called λcrit.
Spurious failures are not even mentioned in the classification
used by IEC 61508 standard, whereas the SINTEF classification
considers these failures as a subclass of safe failures. The examples,
often mentioned, of the spurious trip of an airbag or the inadvertent
inversion of the thrust flow of a reactor in full flight are enough to
show that this classification is more realistic [3].

B. SIS Spurious Trip

Fig. 2. Failures classification based on their causes [16].
All faults (random hardware and systematic), according to their
effects, can be classified in one of two categories: (safe failures) or
(dangerous failures) Fig 3.

The first monothematic study dealing with the subject of spurious
trips of SIS is that presented by A. Lundteigen and Rausand [8]. The
authors used the collective term "spurious activation" which indicates
that there is a certain transition from one state to another and the
word "spurious" indicates that the trip causes are false, incorrect and
non-real [8]. In an industrial process, spurious activations of SIS can
cause partial or complete shutdowns of installations; hence, it is
necessary to reduce their number of appearances in order to:
1) Avoid production losses after shutdowns,
(2) Avoid the risks that may appear during the restart phase.
The Fig. 5 shows the different types of spurious activations of
SIS [8]:
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Spurious operation

Spurious operation (SO): is an activation of an element of a
single SIS without a specific activation demand (real deviations). As
if issuing an alarm from level transmitter without exceeding liquid
level limit, because of the failure to distinguish from the foam the
actual level of the liquid in a separator.


Spurious trip

A decision can be by choosing an element with a reliability
superior than specified. Another decision is to invest in training and
in personnel competencies in order to reduce human errors during
maintenance and operations activities. Irrelevant decisions are
illustrated in Fig. 6 as decision knots (rectangles). Arrows show the
relations between decisions, impacting factors, and performance
measures, dotted arrows in Fig 6, to indicate that the link is
established, under some conditions, as for any given material
configuration.

Spurious trip (ST): is an activation of one or more elements of
SIS knowing that the SIF is performed in the absence of a specific
activation demand process (real deviations). For example, two flame
detectors in a 2oo3 configuration (The system will react if at least 2
components out of the 3) gives a false signal on the fire which causes
the trips of the final elements and the activation of the safety
instrumented function (SIF).


Spurious shut-down

A spurious shut-down of the system can be partial or complete
without any demand of activation (actual deviations)

Fig.5. Different types of Spurious activations
According to [3], the different types of spurious trips haven’t
been stimulated by a specific request process; this brings us to the
idea that requests for SIS activations are of low demand. There is no
justification for this restriction; only from the fact that the area of
demand continues, and the associated PFH, have been less widely
studied than that of low demand and its characteristic indicator
PFDmoy .
Indeed, « a a spurious failure can only be defined in association to
a specified safety function; it either allows the activation without any
previous demand, or annihilate this function after its successful
activation” [3]. We can argue that the demand for requests in the first
part of this definition is low but the second parts focus on continuous
operation mode.
Another point to emphasize, is that the Spurious activation of SIS
can be considered safe (perhaps temporarily), while it is dangerous.
In other words, it again leads us to assert that spurious activations are
not a subset of failures, or dangerous failures [3].
C. Causes of Spurious activations
Fig. 6 illustrates the main causes of spurious activations
represented in an influence diagram [8].
Spurious operation, spurious activation and spurious shut-down are
described as performance knots (rounded rectangles) since their
occurrence rate are performance issues to be minimized in order to
reduce production losses [9].
Chance knots (Circles) are indicated as factors that have an
impact on spurious activations rates. These factors are out of control,
but we can indirectly impact their process by applying a set of
decisions.

Fig. 6 Decisions and factors influencing spurious activation [8].

III.

STR estimation approaches literature review

Let us first recall that the spurious trips rates STR is defined as
the average number of spurious activations of the safety-instrumented
function (SIF) by a unit of time [14].
This literature provides interesting works about analytic formulas
related to spurious trips rates STR.
In general, for a KooN architecture, (N - K + 1) represents the
number of dangerous failures whose occurrence induces the loss of
the security function and K represents the number of spurious
operations whose occurrence leads to the spurious activation of this
same function.
The spurious trip rate (STR) of a well-defined safety function,
provided by a given SIS, is determined by the calculation and
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combination of the STR of its three subsystems (S, LS and FE). This
can be expressed by the following general formula

with diagnostic execution by a single card which, in case of
deviation, gives the order to carry out the following actions:
Shut-down of compresseur11-K-001;
-

The table 1 presents a set of analytical formulas, involved with the
estimation of the Spurious trip rate (STR) dedicated from the
different approaches [2], [5], [6], [7], [8], [15], [16], [18].

-

Closing of the suction isolation valve of 11K-001: 11-XV-001 Closing of the discharge isolation valve
of the
11-K-001: 11-XV-002
Opening the vent valve on the 11K-001: 11-PV-008;
Opening the anti-pumping valve of 11-K001: 11-FV-001

Figs 8 indicate the structure of the elements of the blower section
system ESD.
Sensor (S)

Logical Unit PLC)

Final Element (FE)

1001

Tab.1. STR formulas of different approaches

1003

1003

2002

3

IV.

Case Study

2002

In order to confirm the proposed approach, which consists in
modelling and quantifying the STR, an operational SIS has be
selected from the boosting section of the RGTE facilities of the
Edjelet-In Amens W-ILLIZI Algeria field. This section mainly
comprises two essential parts: a Boosting section and a compression
section. The blower section has been chosen as a case study given its
importance in the process of gas recovery (Fig.7). The recovered
gases from the four (04) separation centres are collected by the buried
low-pressure collection pipes and transported to the intake manifold
of the blower section. Then the compressed gas is sent to the
compression structure [10], [11].
In order to avoid any immediate loss of control of the blower
section operations, and the potential personnel injuries and
proprieties damages thus, anomalies should be immediately handled.
Therefore, the activation of the emergency shut-down system (ESD).

2

Fig.8. ESD system structure.

A. STR Modelling by FT
In order to determine the root causes of spurious trip of the
blower section, the modelling of ST’s will be performed by the
Failure Tree method (FT).
Fault Tree or "FT" is a graphical tool widely used in
operating safety; it enables a graphic representation of possible
combinations related to causes leading to predefined undesirable
events (UE). The FT is made up of successive levels of events
revolving through logical gates. FT is a deductive method that can be
used as a design assessment tool. Minimal cuts are recognized thanks
to FT qualitative processing, which represent the smallest
combinations of causes enabling the occurrence of the Undesirable
event. Probability or frequency of occurrence of undesired events is
calculated using quantitative treatment method [18].
System Spurious Trip (SST) of blower section is considered as
critical or undesirable event of the FT (Fig. 9). It is worth noting that
common cause failures are taken into consideration during modelling.
The Development and processing of FT is performed by GRIF
software.
The obtained Boolean expression of UE is::

Fig.7. Blower Section.
The ESD system installed in the blower section is a low-demand
SIS type that, when activated, provides automatic total RGTE shutdown (blower and compression sections). Its activation provides
minimization of the risk consequences. The ESD system comprises a
set of input elements (transmitters, detectors) that monitor the
evolution of physico-chemical characteristics of the blowing section
process behaviour (temperature, pressure, level). If at least one of
these parameters deviates beyond normal operational standards, and
remains there, this deviation refers to demand or request. It is
detected by the involved sensors which send a signal to the logic
programmable controller unit. The architecture of the logical drive is
based on a redundancy called Triple-Modular Redundant (TMR). It
includes three identical, parallel and isolated processing modules
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The qualitative treatment of FT shows a minimum of 33
cuts:
• 17 cuts of type 1
• 13 cuts of type 2.
As first interpretation of these results, we conclude that ST
occurrence is caused by logical units and temperature sensors failures
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in particular. The number of minimal cuts indicates the weakness of
studied
SIS,
which
allows
spurious
trip
or
UE
occurrence.
The probability of occurrence of the undesirable element is:

The data used to evaluate the STR of Emergency System
Shutdown (ESD) for the blower section is taken from PDS Data
Handbook, Edition 2006 [18].

These data are used for characterization of common cause failures
(CCF):
• βDD ≈ βSO
• βDD ≈ βSO ≈ 10% for input element parts
(S) and final elements (FE).
• βDD ≈ βSO ≈ 1% for the logical partial unit (LPU).
After the numerical applications, the estimated STR value is 5.97 E05 hours (h)-1.
A comparison of the obtained mathematical and analytical results is
shown in the table 2:

Fig.9. STR Modeling by FT
The obtained Boolean expression of UE is::

The qualitative treatment of FT shows a minimum of 33
Tab.2. STR estimation by different approaches

cuts:

Comments:
• The obtained value of the STR estimated by FT and Markov
Model are similar.

• 17 cuts of type 1
• 13 cuts of type 2.

• STR value for FE subsystem « Final elements (FE) » is
relatively small compared to the other two subsystems values.
Therefore, one can approximate the equation (1) of STR, and
would become:

Results Comparisons
STRESD ≈ STRSi + STRLS
(7)

As first interpretation of these results, we conclude that ST
occurrence is caused by logical units and temperature sensors failures
in particular. The number of minimal cuts indicates the weakness of
studied SIS, which allows spurious trip or undesirable event
occurrence.
Quantification of STR by FT
It was stated in the third part technical report of ISA-TR 84.00.02
[4]; spurious trip rate estimation is different from the Probability
Failure on Demand (PFD), whereas STR is a frequency. For the OR
gate two basic events of STR is the total of STRs for each
component, and for the 'ET' gate, the STR is mathematically
calculated as two basic events shown herein:
STR = Probability of component 1 failing x Frequency of
Component failing 2+ Probability of Component 2 failing
x Frequency of Component 1 Failing

V.

Conclusion

As a reminder, this work aims to quantitatively asses and model
the rate of spurious trip implemented in an operating industrial
facility, through the application of failures tree Analysis (FTA)
method. A comparison of the results obtained with those given

by applying the analytical formulas found in the literature,
indicates that the application of FTA method is a very adequate

(4)
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tool for risk analysis and quantification related to spurious trip of
SIS.
It‘s noteworthy, that spurious trip should be reduced to the
maximum as their activation may lead to increase the company
losses. Neither less, an appropriate maintenance strategy is highly
recommended to decrease the STR, this strategy leads to achieve a
safety balance compromise – availability. These strategies might be
developed in the future works.
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Nomenclature and notations

λ
failure rate.
λD
dangerous failure rate.
λDD dangerous detected rate.
λDU dangerous undetected rate.
λS
safe rate.
λSD safe detected rate.
λSU safe undetected rate.
λSTD spurious trip detected rate.
λSTU spurious trip undetected rate.
λNONC no critical failure rate.
λSO spurious operation rate.
T1
test interval.
MTTRSD mean time to repair safe detected.
βD
beta factor for dangerous detected failures.
βSD beta factor for safe (spurious) detected failures.
βSU beta factor for safe (spurious) undetected failures.
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Abstract—Multiple-agent scheduling has attracted growing
interest in recent years. Most of previous research focused on the
single-machine environment. However, some situations make this
assumption impractical, since some jobs require to be executed
on different machines. In this work, we address a two-machine
job shop scheduling problem with two competing agents. The
main objective is to minimize the makespan of the first agent
subject to an upper bound on the makespan of the second agent.
In some situation we will consider the total completion time
as an objective function for the second agent. We investigate
the complexity of several problems. Then, we focus on the twomachine job shop problem with two agents and two operations.
To solve this problem optimally for small instance, we provide
a mathematical model and a branch and bound algorithm. In
addition, we propose an heuristic with different priority lists,
and a genetic algorithm to find near optimal solutions. Finally,
we present analysis of computational experiments.
Index Terms—job shop, two-machine, makespan, total completion time, multi-agent, two agents.

I. I NTRODUCTION
[1] and [2] introduced new area of research in scheduling
theory with the concept of multi-agent scheduling, where two
agents or more need to process their jobs on common shared
resources, each agent wants to minimize his own objective
function. Two approaches have been used in terms of objective
function, the weighted sum combination where each agent
objective is assigned some weights and combined into a single
objective to minimize. The second approach is the -constraint
where we minimize the objective function of an agent subject
to an upper bound on the objective function for other agents.
In our research, we study job shop scheduling problem with
two competing agents which raises when we have two users
or more, each one has his own subset independent jobs and an
objective function that depends on the completion times of his
own subset of jobs. The two-machine flow shop problem with
two competing agents which is special case of the job shop
problem has been studied by [2] and [3] using the -constraint
approach and the weighted combination approach respectively,
and proved as NP-hard in both cases.

3rd REBAINE Djamal
Département d’informatique
UQAC
Chicoutimi, Canada

By Examining the literature on the complexity results for
the two-machine job shop problem with makespan criteria,
we found that the two-machine flow shop with single criteria
is polynomial solvable [4]. [5] extended this results to the
two-machine job shop with two operations. As mentioned
Previously, [2] has shown that the two-machine flow shop
problem become NP-hard when we have two competing agents
for the  constraint approach, and [3] has shown this problem
is also NP-hard for the weighted sum approach. [6] studied the
two machine flow shop problem with two competing agents
to minimize the weighted sum of the makespan and the total
completion time and show that this problem is NP-hard since
the two-machine flow shop problem with total completion time
is NP-hard. While [7] focus on the m-machine proportionate
flow shop problem, they considered three objective functions
of the first agent : minimum maximum cost of all the jobs,
minimum total completion time, and minimum number of
tardy jobs subject to an upper bound on the value of the
maximum cost for the second agent. They has shown that this
problems are polynomials solvable by extending extending the
associated solutions from single-machine to the m-machine
proportionate flow shop. In our study, we focus on the twomachine job shop scheduling problem with two operations and
two agents, this problem has not been studied before.
II. P ROBLEM DESCRIPTION
We describe the problem as follows. We have n jobs to
be processed on two shared machines and two agents A and
B. Each agent has a subset of non-preemptive jobs JX =
{J1X , J2X , . . . , JnXX }, the two subsets are independent. Each
X
job i has a processing time pX
ij , a completion
P X time Cij for j =
X
1, 2 and X = A, B. Let Cmax and
Ci be the makespan
i∈JX

and the total completion time of agent X = A, B respectively.
Our objective is to minimize the makespan of the first agent
subject to an upper bound on the objective function for other
A
B
agent, this problem will
P be Bdenoted as J2||Cmax : γ ≤ Q
B
B
where γ ∈ {Cmax ,
Ci } and Q is a fixed number.
i∈JB
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III. C OMPLEXITY RESULTS
In our work, we focus on the two-machine job shop problem
with two competing agents. It is clear that this problem is
NP-hard since the two-machine flow shop problem with two
competing agents is already NP-hard. Consider a setting in
which two agents compete to perform their jobs on two
shared machines. The processing time of each job is equal
on the two machines. The first agent process his jobs on
M1 then on M2 , while the second agent process his jobs
on M2 then on M1 . Assume that all the jobs are ready
at the beginning, and we want to minimize the makespan
of the first agent while the objective of the other agent
does not exceeds a fixed value Q. We face two problems
according to the objective of the second agent. First, we
consider the makespan as performance measure. According
to the three-field notation scheme this problem is denoted
A
B
as : J2|M1 7→ M2 , M2 7→ M1 , pij = pi |Cmax
: Cmax
.
The second problem is when we consider total completion
time as an objective function, this problemPis denoted as :
A
:
CiA .
J2|M1 7→ M2 , M2 7→ M1 , pij = pi |Cmax
A
Theorem 1: J2|M1 7→ M2 , M2 7→ M1 , pij = pi |Cmax
:
B
A
C
≤
Q
and
J2|M
→
7
M
,
M
→
7
M
,
p
=
p
|C
1
2
2
1 ij
i max :
PmaxA
Ci ≤ Q are NP-hard.
Proof 1: The proof is based on the two-partition problem.
Now consider a second setting where the first agent has nA
jobs pass on the first machine then on the second machine,
while agent B schedules his jobs on the second machine only.
We want to minimize the makespan for the first agent subject
to an upper bound
the makespan for the second agent, we
P on
suppose that
pB
≤
Q.
i2
i∈JB

A
A
B
Theorem 2: J2|M1 7→ M2 , M2 , pA
ij = pi |Cmax : Cmax ≤
Q is NP-hard.
Proof 2: The proof is based on the two-partition problem.
Now, consider the same previous problem, and suppose this
time that the first agent wants to minimize the total completion
time without exceeding an upper bound on the value of the
makespan for the second agent who process his jobs on M2
only.
P A
A
B
Theorem 3: J2|M1 7→ M2 , M2 , pA
Ci : Cmax
≤
ij = pi |
i

Q is NP-hard.
Proof 3: The proof is based on the two-partition problem.
In the next sections, we will study the two-machine job
shop problem with two competing agents and two operations
for each job, the objective is to minimize the makespan of
the first agent, subject to an upper bound on the value for the
second agent.

IV. E XACT METHODS
A. mathematical model
This approach introduced by [8], it relies on precedence
variable zijk define as :
The decision variables :
zijk =



1
0

if job i precedes job k on machine j
otherwise
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xij = start time of job i on machine j
Objective function :
A
min Cmax

Constraints :





xiσi ≥ xiσi + piσi


h
h−1
h−1








xij ≥ xkj + pkj − V.zijk










xkj ≥ xij + pij − V (1 − zijk)





A
Cmax
≥ xiσm
i + piσ i

m








Q ≥ xiσm
i + piσ i


m








xij ∈ N










zijk ∈ {0; 1}

i ∈ J; h = 2, ..., m

...(1)

i, k ∈ J; i < k; j ∈ M ...(2)
i, k ∈ J; i < k; j ∈ M ...(3)
i ∈ JA

...(4)

i ∈ JB

...(5)

i ∈ J; j ∈ M

...(6)

i, k ∈ J; j ∈ M

...(7)

1 . Precedence constraint. It ensures that all operations of
a job are executed in the given order.
2, 3 . Disjunctive constraint. Ensure that no two jobs can be
scheduled on the same machine at the same time.
4 . It ensures that the makespan is at least the largest
completion time of the last operation of all A-jobs.
5 . It ensures that Q is at least the largest completion time of
the last operation of all B-jobs.
6 . Start time of each job is integer number.
7 . Binary variable.
V : Must be assigned to a large value to ensure the correctness
of the constraints.
B. Branch-and-Bound
In order to find an optimal solution for this problem, we
use a branch-and-bound algorithm (B & B). In any branch
and bound algorithm, we need to define three components :
a branching strategy, a strategy of search, and a lower bound.
Our branching strategy for the branch and bound algorithm is
based on the following proposition :
A
B
Proposition 1: For J2|O ≤ 2|Cmax
: Cmax
≤ Q there
exists an optimal schedule such that the jobs are divide in two
subsets S1 and S2 , each subset follows Jackson’s rule and the
last operation of S1 On machine M1 or M2 belongs to agent
A or B which determines his makespan.
J
Suppose that we have Q < Cmax
, (we can use the same
J
method for Q ≥ Cmax ). According to the previous proposition, we have : all the jobs’s operations of agent B belong
to S1 and there are some jobs’s operations of agent A in S1
also and the rest operations are in S2 . The two sets follow

Jackson’s rule. Since we know the order of operations in S1
and S2 , this problem becomes how to partition the operations
of each job i, i = 1, ..., nA of the agent A in the two subsets.
For each job we will give a value equals to :
0 : if all operations of job i belong to S2 .
1 : if the first operation of job i belongs to S1 and the second
operation to S2 .
2 : if all operations of job i belong to S1 .
The obtained solution is as figure IV-B.
J
We will donate by Cmax
the makespan of all job following
B
Jackson’s rule, Cmax the makespan of the B-jobs only, and
A−B
Cmax
the makespan we obtain by Jackson’s rule starting by
A-jobs then B-jobs.
B
It is clear that if Cmax
> Q then there exist no feasible
solution.
1) Lower Bound: To find a lower bound LB, we apply
J
Jackson’s rule, we will have two cases. First, if Cmax
≤Q≤
A−B
Cmax then it’s clear that we have a feasible solution, so the
value of the makspan can not exceed this value, and we know
A
that the value of the makespan can not be lower then Cmax
A
as results LB = Cmax and we apply the branching procedure
J
B
≤ Q < Cmax
according to the B−jobs. Secondly, if Cmax
A
J
A
then we are sure that Cmax ≥ Cmax and we have Cmax ≥
J
B−A
and we apply the branching procedure
so LB = Cmax
Cmax
according to the A− jobs.
2) Searching Strategy: In our algorithm, we use an array
initial to 0 with the size of nA , represents the situation of each
job, in our case we have three situations, jobs with index 0
belong to S2 , jobs with index 2 belong to S1 only, and finally
jobs that have operation in S1 and the second operation in S2
with index 1.
To make the search faster we calculate the some of processing time on each machine, then we re-order the jobs following
the non-decreasing processing time order on the machine that
has the smallest sum of processing time.
In our branching, we used depth-first search as a searching
J
we start from the left with
strategy. For the case Q < Cmax
array contains zero only which means all the jobs of agent A
J
A−B
belong to S2 , for the second case where Cmax
≤ Q < Cmax
we start from the right with an array contains 2 which means
all the jobs of agent B belongs to S1 . The algorithm stops if
we get a solution with value equal to a lower bound or all the
feasible solutions have been visited.
3) Parallel branch and bound: Here we present our parallel
B&B implementation, we aim to accelerate the search by
executing in parallel a sub-sequence of the branching nodes.
Parallelization is implemented by creating sub-problem, each
of them to be solved by concurrent parallelization. In our
branching strategy we generate for each node three children
(with value 0,1 and 2). For the parallel version we will fix subsequence of the vector, let r be a level in our tree, so we will
have 3r fixed nodes and new 3r new sub-problem, for each
sub-problem we will have new vector with r-fixed elements,
and we apply sequential B&B procedure to the rest of the
vectors (see eg below with r = 2). We start the branching
algorithm in parallel. We use a global variable to save the best

obtained solution. For each thread we calculate new solution,
If during the computation we find better solution we update
the current best global solution. We stop all the thread when
we find an optimal solution according to the lower bound,
otherwise we wait till all the thread finish their branching.
4) Computational results: Here, we compare these the
mathematical model with the B&B algorithm in terms of CPU
time. We use Cplex to code the mathematic model, while c++
was used to code the proposed B&B. We run the test on PC
with Intel(R) Core(TM) i7-2670QM CPU 2.20 GHZ and 8.00
GB RAM on windows operating system.
We generate the instance randomly, and the runs are terminated after 3600 s. We calculate how many times the proposed
method obtain the optimal solution.
First, we set the running time for the proposed model and
method to one hour then we count the number of time that
we obtain optimal solution with different size of interval and
number of jobs. the obtained results are show in IV-B4.
Size Range MIP1 B&B
[1,10]
20
20
[1,20]
20
20
[1,50]
20
20
5 [1,100] 20
20
[10,20] 20
20
[20,50] 20
20
[50,100] 20
20
[1,10]
20
20
[1,20]
20
20
[1,50]
20
20
10 [1,100] 20
20
[10,20] 20
20
[20,50] 20
20
[50,100] 20
20
[1,10]
8
20
[1,20]
8
20
[1,50]
8
20
15 [1,100]
8
20
[10,20]
3
20
[20,50]
5
20
[50,100] 4
20
TABLE I
P ERFORMANCE OF THE MIP AND B&B ALGORITHM

In the case of the small size number of jobs (n = 5 and n =
10), We can achieve optimal solution with all two methods.
However, the run time has grown at an exponential rate when
we increase the value of the jobs to 15 or more for the first
model. In the other hand B&B algorithm give optimal solution
in smallest running time.
Now, we set nA = 25 and we calculate the value of the
B
J
B
upper bound for the agent B as : Q = Cmax
+(Cmax
−Cmax
)∗
x%. The obtained results is shown in IV-B4 and IV-B4.
x
0 10 20 30
40
50
time 0.15 0.23 3.82 42.15 206.82 519.84
x
60
70
80
90 100
time 805.65 912.10 933.64 936.48 0.09
TABLE II
T HE RESULTS OF B&B WITH DIFFERENT VALUE OF Q

41

2
JB ∪ JA

1
JA

M2 1 → 2
M1

2
2
JB ∪ JA
JB ∪ JA

1→2

2→1

2→1

1
2→1

2
JB ∪ JA

0
JA

1→2
1→2

2

1
JA

0
JA

1
2→1

2
2
JB ∪ JA
JB ∪ JA

1
JA

0
JA

2→1

2→1

2

0
JA

1→2

1→2

1
JA

0
JA

0
JA

Fig. 1. scheduling the operations of each agent
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Fig. 3. The performance of B&B with different value of nB

Fig. 2. The performance of B&B with different value of Q

It is seen that the running time is increasing with the
increase of the upper bound Q, so the instance becomes harder
as the value of Q becomes closer to the makespan of all
J
J
the
. After reaching the maximum value Cmax
the jobs Cmax
running time becomes smaller.
Next, we address the performance of the B&B algorithm
with different value of the second agent when we apply the
branching for the first agent. We set nA = 25 and the upper
B
A
B
+(Cmax
−Cmax
)/2. The obtained
bound is fixed to Q = Cmax
results are shown in IV-B4 and IV-B4
nB 1
5
9
13
17
21
time 0.1 0.14 0.13 0.15 834.23 0.13
nB 25 29
33
37
41
time 0.09 0.09 1047.24 1317.2 0.13

V. H EURISTIC APPROACHES
The proposed exacts methods are often extremely timeconsuming, So it is not sufficient to deal with large size
problem instances. Therefore, we use heuristics to find feasible
solutions, we propose an heuristic and we adapt a genetic
algorithm to our problem.
A. Heuristics
We propose an heuristic 1 that depends on priority list, we
call it H1 , we make use of the following priority lists :
R1 We choose the P
processing time of a machine k where
k = arg{min pij , j = 1, 2} and we apply the SPT
j

TABLE III
T HE RESULTS OF B&B WITH DIFFERENT VALUE OF nB

i

rule.
R2 The order obtained from
P Jackson’s rule on machine k
where k = arg{min pij , j = 1, 2}.
j

Our results with the B&B suggest that there were no
noticeable effects when we change the jobs numbers for the
second agent if we are applying the branching for the first
agent. Hence if we have instance with two two agents, it’s
better to fix an upper bound for the agent who has more jobs
and minimize the makespan of the second.
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i

The order obtainedPfrom Jackson’s rule on machine k where
k = arg{max pij , j = 1, 2}.
j

i

R4 Let pi = pi1 + pi2 and we apply the SPT rule following
the new processing time.
R5 Let pi = pi1 + pi2 and we apply the LPT rule following
the new processing time.

The basic idea of this heuristic is to start from a solution
that has the B jobs only in S1 and the A-jobs in S2 , then at
each iteration we try to move an operation or two of job i for
i = 1, ..., nA according to a predefined priority list, respecting
the condition that the obtained solution still feasible and we
decrease the value of the makespan.
Algorithm 1 Heuristic
1: Initial the vector solution to 0 and evaluate it.
2: i=0;
3: while i < na do
4:
Generate two new vectors by changing the i-th position
to 1 and 2 according to the priority list;
5:
evaluate the two obtained vectors;
6:
save a feasible solution that has the best makespan;
7:
i=i+1;
8: end while
B. Genetic algorithm
The most important implementation details of the GA
algorithm include :
individuals :

we define them as an array contains value 0,
1 or 2.
Initialization : we generate if possible 2 ∗ nA solution. Each
solution contains one 1 or 2 then we add to
the vector of solution a fixed number of 1
and 2 if it’s possible. we add also a solution
that contains 0 only.
Selection :
for each individual, generate a random number, if it’s less then a fixed given number (we
set it to 0.3, the more we increase this value
the more the algorithm consumes time), this
individual becomes the first parent, we selected the second randomly.
Crossover :
for each pair of parents that has been selected, we produce a new solution (child),
we use two-point crossover that are picked
randomly.
mutation :
we generate a random priority list, and we
try to increase the number of 1 and 2 if it
decreases the value of the makespan. The
mutation operator is executed with a probability. (We set the probability to perform
mutation to 0.05).
Stopping condition :
we use a fixed number of operations to stop
the genetic algorithm.
Remark 1: If the obtained solution from crossover is not
feasible, we decrease the number of 2 and 1 randomly until it
becomes feasible.
Finally, we conduct computational tests in order to compare
the heuristic and the genetic algorithm with lower bounds. We
will use the heuristic with different priority lists to construct
different solutions in order to improve the quality of the

results. We set nB = 2 × nA , and we fix the value of the
B
J
A
upper bound to Q = Cmax
+ (Cmax
− Cmax
)/2.
Firstly, we try to generate random processing time from
different intervals ( (pi1 , pi2 ) ∈ { [1,20]× [1,20], [1,50]×
[1,50], [1,20]× [1,50], [1,20]× [20,50], [20,50]× [20,50] }
) with different size of problem. We generate 100 instance for
each case, as a results 3000 instances has been generated. Our
heuristic show high performance and obtained optimal solution
in most cases. For meta-heuristic we get 100% times an optimal solution. We try to generate hard instance according to the
A
B
problem J2|M1 7→ M2 , M2 7→ M1 , pij = pi |Cmax
: Cmax
,
we let pi1 = pi2 and we generate the value of the upper
B
J
and Cmax
. We test our heuristic and
bound Q between Cmax
meta-heuristic with different numbers of jobs: 50, 100, 200
and 500. We calculate the relative deviance percentage as :
(H − LB)/H × 100%, we present for each one of them the
mean relative deviance and the relative deviance. We generate
for each interval 100 random instances.
Size Range Stats
mean
[1,20]
max
mean
50 [1,50]
max
mean
[20,50]
max
mean
[1,20]
100
max
mean
[1,50]
max
mean
[20,50]
max
mean
[1,20]
200
max
mean
[1,50]
max
mean
[20,50]
max
mean
[1,20]
500
max
mean
[1,50]
max
mean
[20,50]
max

R1
24,954
24,961
24,982
25,178
25,001
25,807
24,977
24,980
24,990
24,991
24,993
24,993
24,989
24,990
24,997
25,171
24,996
24,997
24,995
24,996
24,998
24,998
24,999
24,999

R2
24,954
24,961
24,982
25,178
25,001
25,807
24,977
24,980
24,990
24,991
24,993
24,993
24,989
24,990
24,997
25,171
24,996
24,997
24,995
24,996
24,998
24,998
24,999
24,999

H1
R3
24,954
24,961
24,982
25,178
25,001
25,807
24,977
24,980
24,990
24,991
24,993
24,993
24,989
24,990
24,997
25,171
24,996
24,997
24,995
24,996
24,998
24,998
24,999
24,999

R4
24,954
24,961
24,982
25,178
25,001
25,807
24,977
24,980
24,990
24,991
24,993
24,993
24,989
24,990
24,997
25,171
24,996
24,997
24,995
24,996
24,998
24,998
24,999
24,999

R5
1,201
1,848
1,302
2,115
1,331
25,250
0,576
0,913
0,657
1,069
0,516
0,718
0,297
0,469
0,303
0,473
0,272
0,352
0,131
0,181
0,148
0,194
0,119
0,141

GA
1,201
1,848
1,302
2,115
1,328
2,201
0,576
0,913
0,657
1,069
0,516
0,718
0,297
0,469
0,303
0,473
0,272
0,352
0,131
0,181
0,148
0,194
0,119
0,141

TABLE IV
P ERFORMANCE OF THE HEURISTIC WITH DIFFERENT PRIORITY LISTS AND
THE GENETIC ALGORITHM .

It is seen that for H1 the LPT priority list outperform the
rest of the priority lists, since they are using almost the same
SPT order. the priority list that use the SPT rule outperform
the lists that use LPT for the problem J2|M1 7→ M2 , M2 7→
A
B
M1 , pij = pi |Cmax
: Cmax
. However, when we generate the
instance randomly, the priority lists that are based on SPT rule
outperform the lists based on LPT for H1. On the other hand,
the meta-heuristic outperform the heuristic. Moreover, GA
achieves small deviations to the lower bound for the problem
A
B
J2|M1 7→ M2 , M2 7→ M1 , pij = pi |Cmax
: Cmax
, and find
optimal solution in most cases for the general problem with
probability of 0.3 for crossover and 0.05 for mutation.
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C ONCLUSION
In this paper, we study two-machine job shop scheduling
problem with two competing agents. We address the complexity of the proportionate two-machine job shop with two
competing agents when the agent process their jobs in two
different technological routes with the makespan and the total
completion time using the -constraint approach.
In order to solve the two-machine job shop problem with
two competing agents, we propose exact and heuristic methods. For the exact methods, we provide a mathematical model
and a branch and bound algorithm. An heuristic based on different priority lists has been provided with a genetic algorithm.
The computational results showed that the mathematic
model can solve instance when the number of jobs is fewer
than 15. However, the B&B algorithm outperform the proposed mathematic model, it is able to solve optimally instance
with 25 jobs for first agent regardless to the number of jobs of
the second agent. Moreover, the proposed heuristic and genetic
algorithm perform well in terms of efficiency and solution
quality.
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Abstract—In this paper, we are interested in the just in time
multicriteria two-machine flow shop scheduling problem. Our
aim is to highlight basic scheduling objective functions and
the notion of just in time in production management. A cost
function is defined for each job, taking into account additional
constraints. We also position our problem with regard to what
exists in the literature. First, we provide a brief literature review
concerning the bi-criteria flow shop scheduling problem (FSP).
Afterwards, we propose a mixed integer linear programming
(MILP) formulation and two heuristics to solve the problem along
with an experimental study we conducted in order to test their
performance.
Index Terms—scheduling, flowshop, just in time, multicriteria,
MILP model, heuristic.

I. I NTRODUCTION
Flow shop scheduling problems (FSP) represent an important class of scheduling problems. Their importance and practical relevance to the industry have prompted researchers to
consider them from different angles for decades. Indeed, there
are several variants that take into account different constraints
and optimize one or multiple criteria at a time. This scheduling
problem can be defined generally as sequencing n jobs on m
machines according to certain performance measure(s). Each
job has to visit all the machines of the workshop. The running
order is the same for all the jobs (unidirectional stream, i.e.,
jobs are sequenced in a linear way following a chain). A
schedule meets these assumptions:
• A job can only be processed on one machine at a time.
• A machine can only process one job at a time.
• The processing of a job on a machine cannot be interrupted (no preemption).
• All jobs are independent and are available for processing
at time zero.
• The machines are continuously available.
In the literature, generally, flow shop scheduling problems
have been considered mono-criterion. However, multicriteria
scheduling problems satisfy better the manager’s requirements

since many real-world scheduling problems are multi-criteria
by nature. Therefore, this type of applications gets more and
more interest from researchers.
Both tardiness and earliness cause penalties that can implicate losing customers and increasing inventory cost, respectively. Therefore, minimizing tardiness and earliness of jobs
are the two most important objectives considered in the justin-time systems. This problem has been handled for the first
time by [1]. They proposed a simulated annealing (SA) metaheuristic to solve the F |prmu, di , nmit|Fl (Ēw , T̄w ) problem.
In [2] authors addressed a two machine flow shop scheduling
problem in which the objective function is to minimize the
sum of maximum earliness and tardiness (n/2/P/ETmax ) and
proposed a B&B algorithm. To the best of our knowledge,
no work related to our problem exists. We refer, using the
standard three field notation
problems, to our
P of scheduling
P
problem by : F 2|di , sii0 j | Ti ∗ Bi , Ei ∗ ki .
This paper is organized as follows. Section 2 is devoted
to the literature review. In section 3, we define the problem
understudy. In section 4 and 5, we present the MILP model
and the heuristics, respectively, we developed to solve the
problem. In section 6, we describe the extended experimental
study we conducted and then we present the obtained results
in section 7. We conclude the paper in section 8.

II. LITERATURE REVIEW
The literature contains several states of the art survey and
numerous works that addressed the just in time multi-criteria
scheduling problems. Moreover T’kindt V. and Billaut J-. C.
dedicated a whole part of their work to it [3]. In the following
we give a literature review on works that addressed the just in
time multi-criteria flow shop scheduling problems. The works
are classified according to the solving method.
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A. Exact methods
In [4] is proposed a B&B approach for the two-machine
flow shop scheduling problem with respect to the makespan
and maximum tardiness for computing the pareto solution.
[5] also presented a B&B procedure along with a heuristic
approach for the two-machine flow shop scheduling problem
to minimize total flow time subject to optimal makespan. [6]
proposed a B&B procedure for the two machine flow shop
problem to minimize a weighted sum of flow time and the
makespan. They also presented a greedy algorithm for the
upper bound of the B&B algorithm.
In [7] is developed a B&B procedure for the two-machine
flow shop problem with respect to the makespan and number
of tardy jobs. They also considered the makespan and total
tardiness.
In [8] is developed three B&B algorithms with different
branching strategies. They proposed two heuristics for the twomachine flow shop to minimize the makespan and the mean
flowtime. [9] proposed an integer programming model and a
heuristic algorithm for the two-machine problem in order to
minimize a weighted sum of makespan and total flowtime.
In [10] is presented a B&B algorithm for a two-machine
flow shop with makespan and flowtime.
In [11] is considered the minimization of a combination
of total flow time and total tardiness in a two-machine flow
shop. They proposed a B&B along with a lower bound
and dominance properties to increase the performance of the
algorithm.
[12] designed mathematical programming formulations, a
B&B algorithm and a heuristic algorithm for the two-machine
flow shop where the objective is to minimize total completion
time and the makespan. The results showed that the B&B
method proposed quite in handing MFSP.
In [13] is introduced a B&B approach for the two machine
flow shop to minimize the makespan and the maximum
tardiness. The algorithm was only able to solve small problem
instances. Therefore they constructed a heuristic method. The
tests shown that the heuristic was quite effective. Another
B&B algorithm was presented in [14] for the two-machine
flow shop, minimizing a weighted sum of the makespan and
the total completion time, the proposed algorithm was able to
solve up to 30 jobs.
[3] presented the B&B method for the two machine flow
shop problem with the objective of minimizing the sum of
maximum earliness and tardiness. The authors also introduced
some useful lemmas and policies to reduce computational
time. The performance of the B&B algorithm was evaluated
over many problems of various randomly generated sizes. The
results were quite encouraging.
B. Heuristics
In [15] is presented nine heuristics for the two machine flow
shop scheduling problem minimizing the total flowtime subject
to the makespan. The authors described some polynomially
solvable cases and evaluated the performance of the proposed
heuristics for finding approximate solutions. They showed that
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insertion heuristic based on the B&B algorithm proposed by
[7] yielded the best results within satisfactory computational
time duration.
[16] considered the minimization of the weighted sum
of the makespan and the mean flowtime in the two and mmachine flow shop scheduling problem. The author compared
existing heuristics for the two machine case. Three heuristics
were proposed and they were shown to outperform the existing
heuristics.
C. Meta-heuristics
In [17] was developed a simulated annealing algorithm for
the two machine flow shop optimization problem with the
objectives of minimizing the weighted total flowtime and the
total tardiness.
[18] proposed a tabu search for solving the two machine
flow shop problem with the makespan and the total flowtime
as objectives.
III. P ROBLEM DESCRIPTION
In this work, we are interested in solving the just in time bicriteria two-machine flow shop scheduling problem, JITFSP.
Given is a set T = {T1 , T2 , ..., Tn } of n independent orders.
Order Ti contains qi pieces, that must be processed on twomachine M1 and M2 in a flow shop environment.
Each piece of an order Ti requires an execution time pij ≥ 0
on the machine Mj . Let us point out that the pieces of the same
order have the same processing time. We denote by:
•

•
•
•

di : the delivery date of the order Ti .
Bi : the tardiness cost of the order Ti .
ki : the earliness cost of the order Ti .
sii0 j : setup times representing the preparation time of
machine Mj to receive the next order after the completion
of the current one.

Since scheduling tasks on just-in-time consists of processing
orders without advances and delays. Therefore we seek a
schedule that minimizes both the earliness and tardiness that
can occur during the processing of orders.
Just in time scheduling problems are an encompassing approach in order to make the finished product without the defect
of all the required operational activities. Starting from the
engineering of conception to the definitive delivery including
all the stages of manufacturing.
We defined as objective, the minimization of two criteria,
the earliness denoted, f1 = Σ ki ∗ Y1i , and the tardiness
denoted, f2 = Σ Bi ∗ Y2i , of the orders. Where Y1i = max
{0, di − Ci }, Y2i = max {0, Ci − di } and Ci represents the
date of the end of treatment of the order Ti . For a better explain
the problem we consider the following example summarized
in Table I:
The optimal solution is given in Fig. 1, obtained by enumerating all the possible solutions.

Ti
pi1
pi2
qi
di
Bi
ki
s1ij
s2ij
s3ij

T1
5
7
3
75
7
16
(0,0)
(17,9)
(0,1)

T2
6
8
1
80
7
6
(1,9)
(0,0)
(8,23)

T3
9
5
1
81
10
11
(6,15)
(15,12)
(0,0)

V. H EURISTICS

TABLE I
E XAMPLE

M1 T
2

s231

T3

T2

6

21

We developed two heuristics H1 and H2 to solve the JITFSP
which are presented in the following.

T11T12T13

M2

0

(3) ensures the non overlapping of pieces belonging
to the same order Ti on the same machine.
(4) specifies that the piece of an order Ti can
not begin processing on machine M2 until it has
completed its processing on machine M1 .
(5) and (6) equates earliness and tardiness of the
order Ti .

30 35 40 45
Fig. 1.

s232

56

T3s312 T11
T12T13

76 82 89 96 103

Optimal solution.

IV. MILP MODEL AND COMPLEXITY

A. Heuristic H1
of due dates in the objective function
PGiven the importance
P
Ei ∗ ki +
Ti ∗ Bi . A possible approach to minimize the
tardiness is to prioritize the jobs with smallest due date. Let us
remind that the EDD order ranges the orders in the increasing
order of : di .
Using the pervious reasoning we develop the following
heuristic.

Referring
P to the work of Karp (1972) [19] the problem F 2|| Ti is NP-hard
Pwhat makes
P the bi-criterion studied problem F 2|di , sii0 j | Ti ∗ Bi , Ei ∗ ki also NP-hard. Algorithm 1 Heuristic H1
Hence, no polynomial or psœudo polynomial algorithm exists
1: All orders are arranged according to the EDD order;
for the resolution of this problem. Therefore, we propose an
2: The orders are sequenced on M1 following the obtained
exact resolution using the following mathematical model.
order, without forgetting to insert setup times between two
We define the
following
decision
variables:
successive orders;

1 if i precedes i’,
3:
Sequencing on the second machine M2 :
• xii0 =
0 otherwise.
4: We denote by Si−1 the partial sequence obtained at
• y1i : earliness of the order Ti .
iteration i − 1.
• y2i : tardiness of the order Ti .
5: for i = 1 to n do
• tilj : start time of the piece l of the order Ti on the
6:
if max{Cmax (Si−1 ), (ti11 + pi1 + Ciqi 2 − ti12 )} ≤ di
machine Mj .
then
We also define:
7:
Order Ti starts at di − Ciqi2 − ti12 and an idle time
M: a large number.
is inserted before Ti ,
The objectif is to minimize the sum of the total cost of the
8:
else
earliness
total cost of the tardiness of the orders
9:
Ti is processed just after sequence Si−1
P and the P
(min Ei ∗ ki +
Ti ∗ Bi ).
10:
end if
The MILP model is summarized in (P) :
11: end for
P
P
12: while the objective function is improved do
min
y1i ∗ ki + y2i ∗ Bi
13:
the current partial sequence is shifted to the right.
s.t tiqi j + pij + sii0 j ≤ ti0 1j + M ∗ (1 − xii0 )
14:
end
while
∀i, i0 = 1, n, ∀j = 1, 2, i < i0 .
(1)
15: while the objective function is improved do
ti0 qi0 j + pi0 j + si0 ij ≤ ti1j + (M ∗ xii0 )
16:
the current partial sequence is shifted to the left.
∀i, i0 = 1, n, ∀j = 1, 2, i < i0 .
(2)
17: end while
(P)
tilj + pij ≤ til+1j
18: Calculate the objective function.
∀i = 1, n,∀l = 1, qi , ∀j = 1, 2.
(3)
til2 ≥ til1 + pi1
∀i = 1, n, ∀l = 1, qi .
(4)
di − (tiqi 2 + pi2 ) ≤ y1i
B. Heuristic H2
∀i = 1, n.
(5)
The second heuristic, that we denote H2 , is presented as
tiqi 2 + pi2 − di ≤ y2i
a new heuristic of solving by replacing the EDD order with
∀i = 1, n.
(6)
the order which ranges the orders in the increasing order of:
(1) and (2) ensure the non overlapping of the orders di − pi1 ∗ qi , minimizing the earliness of the orders in the case
on the same machine.
where pi1 ≤ pi2 , in the first heuristic H1 proposed.
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VI. T HE COMPUTATIONAL STUDY DESIGN

t(s)

In order to test the previous proposed methods we conducted the following experimental study. The instances are
generated randomly following the method described in [18].
The processing time pij of one piece of the order Ti is
generated from a uniform distribution in [5,25]. Then qi
the number of pieces by order is generated from a uniform
distribution in [1,50]. Due dates of the orders are generated
using two parameters, the due date range R, (R=0.2, 1.6) and
τ the tardiness factor (τ = 0.2, 0.6) which are generated
fromPaPuniform distribution [1 − τ − R2 ,1 − τ + R2 ] where
M=
pij ∗ qi + (n − 1) ∗ (max(sii0 1 ) + max(sii0 2 )).
To determinate the efficiency of the MILP model and the
two proposed heuristics, the instances are classified in two
groups. Each group is also divided into two types. The first
group includes instances that mostly have tardiness and the
second one those that mostly have earliness.
VII. C OMPUTATIONAL RESULTS
We start by testing the performance of the MILP model.
Afterward we compare the results given by the two heuristics.
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Fig. 3.
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A. Computational results of the MILP model

n
0

In order to see the efficiency of the MILP model, the orders
of the tested instances are classified into 8 different sizes with
5, 10, 20, 30, 40, 50, 100 and 120 orders. A run time is limit
of 3600 seconds is imposed.
1) Computational results of the first group: In the first
group two types of instances are generated according to the
combination of the two factors of tardiness τ and range of
due dates R. Type 1 has the values τ =0,2 and R=0,6. Type 2
has τ =0,6 and R=0,6. The computational results of this group
are presented in Fig. 2 and 3. As shown in the two figures,
the MILP model solves instances of Type 1 with up to 120
orders. The average maximum running time reaches 2098,76
seconds. For instances of Type 2, it is able to solve instances of
100 orders. The average maximum running time is of 1786,57
seconds.

Execution time for instances of Type 2.

Fig. 4.
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Execution time for instances of Type 3.

results of this group are presented in Fig. 4 and Fig. 5. The
MILP model is able to solve instances of Type 3 with up to
50 orders instances and the average maximum running time
equal to 178,9 seconds. It is only able to solve instance of
Type 2 with 30 orders. The average maximum running time
reaches 1485,75 seconds.
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In the second group, two types of instances are generated
according to the combination of the two factors of tardiness
τ and range of due dates R. Type 3 has the values τ =0,6 and
R=1,6 and Type 4 has τ =0,2 and R=1,6, and the computational
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From the precedent results, we can deduce that the model is
efficient for most of time. We can conclude that the hard type
instances are those of Type 4. Even for this type the model
was able to solve instances with up to 30 orders. For another
type, the model solved instances with a number of orders that
reached 120.
B. Comparison of the two heuristics H1 and H2
To compare the results of the two heuristics proposed. The
orders of the tested instances in the two groups are classified

into 8 different sizes with 5, 10, 15, 20, 50, 100, 200 and
1000.
1) Solving first group instances: In the first group two
types of instances are generated according to the combination
of the two factors of tardiness τ and range of due dates R.
Type 1 has the values τ =0.2 and R=0.6 and Type 2 has τ =0.6
and R=0.6, and the results obtained representing the number of
times each heuristic is better than the other one are presented
in Fig. 6 and Fig. 7.
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2) Solving second group instances: In the second group,
two types of instances are generated according to the combination of the two factors of tardiness τ and range of due
dates R. Type 3 has the values τ =0,6 and R=1,6 and Type 4
has τ =0,2 and R=1,6, and the results obtained representing the
number of times each heuristic out performs the other one are
illustrated in Fig. 8 and Fig. 9.
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Deviation between heuristic H2 and the model.

heuristic and the MILP model. We generated instances for each
type of instances and the orders are classified into 8 different
sizes with 5, 10, 15, 20, 25, 30, 35 and 40 orders.
The parameter that we considered to compare heuristic H2
and the MILP model is the deviation between the value of
the objective function resulted using the heuristic denoted
hereafter Zh2 and the one given by the model denoted by OPT,
that is calculated by the following formula: 1 − OP T /Zh2 .
The obtained results are summarized in Fig. 10. We can notice
that the efficiency of the heuristic diminishes while increasing
the number of orders. However, the difference between the
two results is not huge.
VIII. C ONCLUSION
In this paper, we have considered the bi-criteria just in
time two-machine flow shop scheduling problem, in which the
objective function is to minimize both total cost of tardiness
and total cost of earliness. We have proposed a MILP model
and two heuristics H1 and H2 to solve the problem. The
experimental study shown the efficiency of the model and
heuristic H2 .
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Abstract—In this paper, we are addressing the two-machine
open shop problem with a single sever. A job must be prepared
by the server and then will directly be processed on a machine.
We show the N P-completeness in the strong sense of a restricted
case. Then, we propose two mixed integer programming formulations to solve the general problem. Finally, we analyze their
performance by an experimental study we conducted.
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I. I NTRODUCTION
In scheduling theory, it is generally assumed that the setup time necessary for processing a job is either negligible or
part of the processing time. This assumption does not remain
valid if the set-up depends on additional resources of limited
capacity. In this case, a set-up cannot be started if the resources
are occupied even though a machine and a job are available.
This will cause idle times that can significantly affect the
quality of the resulting solution. Therefore, the set-up has to
be considered as a distinguished part from the processing.
The type of set-up times we are considering in this paper
can be seen as the time during which we prepare the necessary resources (machines, tools, etc.) to process a job. The
preparation can be the loading and positioning of a job on
its machine, or settings that must be done on the machine
with the presence of the job on it. Thus the set-up depends on
the job to be processed and require its availability. Moreover
they are handled by resources, other than the machines, that
are of limited capacity. The additional resources can be robots,
servers, operators that are only needed during the set-up phase.
Before proceeding and since we are addressing a variant of
the open shop, let us describe the standard two-machine open
shop scheduling problem. Given are two machines M1 and M2

to process a set T = {T1 , T2 , . . . , Tn } of n jobs available at
time t = 0. The processing of job Ti , i = 1, . . . , n, on machine
Mj , j = 1, 2, is called operation, namely Oji . Furthermore, the
processing order of a job on the machines is arbitrary and has
to be chosen during the process of constructing a solution. We
seek a schedule that minimizes the overall completion time,
also called the makespan. This problem is solvable in linear
time by either the algorithm of Sahni and Gonzalez [1] or
Pinedo and Schrage [2].
In the variant of the precedent problem, we are addressing
in this paper, an additional resource, as discussed above, is
available in one unit i.e. a server. The server can only handle
one set-up at a time.
The paper is organized as follows. Section II is devoted to
the literature review. In section III we present our problem
and in section IV we give its complexity. In section V, we
present the two mixed integer programming formulations we
developed and the experimental study we conducted to analyze
their performance. We concluded the paper in section VI.
II. L ITERATURE REVIEW
Many works had considered scheduling problems under
resource constraints for setting the jobs. In what follows we
are giving a literature review of those works.
In [3]–[6] is treated the problem with identical parallel
machines and a server. Papers [7]–[12] have considered the
problem with two identical parallel machines and a server. [13]
has treated the problem with m identical parallel machines and
(m−1) servers. The same problem has been treated in [14] but
with k servers (k < m ). When [15] has studied the problem
with two dedicated parallel machines and a server.
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The authors of [16] have considered the problem with two
identical parallel machines and k resources of unit demand to
set-up the jobs. Paper [17] approached the two-machine flow
shop problem and a server with setting and removal times. In
[15], the two-machine flow shop and the no-wait two-machine
flow shop with a server are treated. Also [18] has studied the
flow shop problem with a server.
Let us mention in the last position, with more details, the
works that addressed similar problem to the problem we are
studying. First, [15] treated a two-machine open shop problem
with set-up times. The set-ups here are handled by a single
server. In this problem a job can be prepared even if its
processing on another machine is not yet completed. They
showed that the problem is N P-hard in the strong sense. Also
in [19] is studied a two-machine open shop but with a set of
additional resources of limited capacity. A job may require a
subset of the resources to be setted up. A feasible schedule is
a schedule where the set-up of a job cannot start if this job is
still being processed on the other machine.
III. D EFINITION OF THE PROBLEM

Ti
s1i
p1i
s2i
p2i
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T2
3
3
2
1

T3
1
1
1
3

TABLE I: Example
T1

M1

T2
T2

M2

T3
T3

T1
19

T1

M1

T2

M2

T2

T3

T3

T1
15

Fig. 1: The two obtained solutions
We notice that the makespan of the two solutions are
different. The optimal solution is given in Fig. 2. Its optimality
can be verified by enumerating all the possible solutions.
T2

M1

In the problem we are studying, we add to the standard
open shop problem with two machines, described above, a
server S1. In this case a job must be prepared by the server
then will be processed without preemption on machine Mj .
The period during which the server sets up job Ti for its
processing on Mj is called the set-up time, denoted hereafter
sji ≥ 0 and the processing period is called processing time,
denoted hereafter pji ≥ 0, i = 1, . . . , n; j = 1, 2. The server
will be available again at the end of a set-up phase and can
instantly start setting up another job on the second machine,
when processing continues on the first machine.
This makes it possible to distinguish in the execution of a
job two separate phases that succeed each other. The first phase
is a set-up phase followed immediately by a processing phase.
It should be noted that the set-up of a job cannot start on one
machine if it is being processed on the other machine. The
set-up cannot be done if the job is not available. The objectif
is to minimize the overall completion time. The problem is
denoted, O2, S1||Cmax .
We point out the differences between our problem and the
two similar others mentioned above. The work [19] has treated
the problem with a set of additional resources. Each resource
has a certain capacity. When in our problem, there is only one
additional resource, a single server. In [15] is, only, proved
the strong N P-hardness of the problem with one additional
resource. A set-up can be carried out in advance even if the job
is being processed on another machine. While in the problem
we are addressing a job must be available to be set up.
Example 1: For the sake of clarity, let us consider the
instance, given in Table I.
If the Pinedo and Scharage algorithm [2] is applied to solve
it, we obtain the two solutions illustrated in Fig. 1. Both
solutions are the scheduling of the same sequence of jobs,
but the unavailability of the server gives us two possibilities,
start on M1 or M2 .

T1
2
2
2
4

M2

T1

T1
T3

T3
T2
14

Fig. 2: Optimal solution
IV. C OMPLEXITY OF THE PROBLEM
In this section, we show the strong N P-completeness of
the case where the set-up time of a job on each machine is
equal to its processing time, denoted O2, S1|p1i = s1i , p2i =
s2i |Cmax .
The problem we used in the reduction process is the 3partition problem known to be N P-hard in the strong sense
[20]. It is defined as follows:
3-partition: GivenPa set A = {a1 , . . . , a3n } of 3n
positive integers , with i∈N ai = nB, for a certain integer
B, with B/4 < ai < B/2, i ∈ N = {1, . . . , 3n}. Does there
existP
a partition of N into n subsets Nj , j = 1, . . . , n such
that i∈Nj ai = B?
Theorem 1: O2, S1|p1i = s1i , p2i = s2i |Cmax is N P-hard
in the strong sense.
Proof 1: Given an instance of 3-partition, we construct the
following instance I of O2, S1|p1i = s1i , p2i = s2i |Cmax with
4n + 1 jobs. We denote the partition jobs as P -jobs. T 0 -jobs
are n identical jobs, Tk , k = 3n + 1, . . . , 4n, other than the
P -jobs. The set-up and the processing times are summarized
in Table II.

s1i
p1i
s2i
p2i

P-jobs: Ti , i =
1, . . . , 3n
0
0
ai
ai

T 0 -jobs T3n+k ,
k = 1, . . . , n
3B
3B
B
B

T4n+1
B/2
B/2
0
0

TABLE II: Set-up and processing times
It is clear instance I can be constructed in polynomial time.
In the following we show that the corresponding decision

problem of O2, S1|p1i = s1i , p2i = s2i |Cmax has a solution
S with Cmax (S) ≤ y = (6n + 1)B if, and only if, 3-partition
problem has a solution.
Let us first assume that 3-partition has a solution, and
A` , ` = 1, . . . , n, are the required subsets. Let N` , ` =
1, . . . , n, be the corresponding subsets of N = {1, . . . , 3n}
according to the partition. The schedule is illustrated in Fig. 3
and is as follows.
The processing on M1 is without idle time, according to the
following order:
(T3n+3 , T3n+4 , . . . , T4n , T3n+1 , T3n+2 , T4n+1 ).
The total idle time on M2 is equal to (2n + 1)B time units.
The processing on this machine starts at time 3B, according
to following order:
(Ti , i ∈ N1 , T3n+1 , Ti , i ∈ N2 , T3n+2 , . . . ,
Ti , i ∈ Nn−1 , T4n−1 , Ti , i ∈ Nn , T4n ).
An idle time of 2B time units occurs between the processing
of a job T3n+` and jobs Ti , i ∈ N` , ` = 1, . . . , n.
M1
M2

T3n+3
N1 T3n+1

T3n+4
N2 T3n+2

...

T3n+2
T4n−1

M1

T3n+k1
T3n+1

M2

...

T3n+2

T3n+kn
T4n−1

T4n

Fig. 4: Partial structure of the schedule
The only job left to schedule on M1 is T4n+1 . There are two
possibilities: schedule it in either the first or the last position.
If we schedule it in the first position then the makespan will
exceed y. Therefore, T4n+1 has to be scheduled in the last
position.
The jobs left to schedule are the P -jobs on M2 . In order
to not exceed the value of the makespan, these jobs must be
scheduled during the free time intervals on M2 . There are n
free time intervals of the same length, 2B time units.
Assume P` are the P -jobs scheduled during the time
interval `, ` = 1, . . . , n. In order to have a schedule with a
makespan of value y, the following equation must be verified:
P
i∈P` (s2i + p2i ) = 2B, ` = 1, . . . , n.
Then,

Nn T4n

Fig. 3: Structure of the schedule
Let us now assume that the scheduling problem has a
solution with a makespan equal to y = (6n + 1)B, we show
that 3-partition has a solution. The schedule has the following
structure.
There is no idle time on M1 whatsoever, since its total
execution time is equal to the makespan. The processing starts
on M1 otherwise the first set-up on M2 will cause an idle time
on this machine.
To avoid idle times on M1 , caused by the unavailability of
the server, we have to schedule the set-ups on M2 in parallel
with the processing phases on M1 . The set-up times of T 0 -jobs
are all equal to B. The only processing times larger than B
are the processing of T 0 -jobs on M1 . Therefore, the set-up of
each T 0 -job on M2 has to be scheduled in parallel with the
processing of another T 0 -job on M1 .
The total idle time on M2 is equal to (2n + 1)B time units.
Which is the difference between the completion time and the
overall processing time on M2 . Any supplementary idle time
on this machine will increase the value of the makespan.
Since the processing starts on M1 then, the first set-up on
this machine will cause an idle time on M2 of 3B time units.
No job can be started on M2 while the server sets up jobs on
M1 . To prevent this time interval from being idle, a processing
phase of a job must be scheduled at the same time as the
start of these set-ups. The largest processing times on M2 are
the processing of the T 0 -jobs. If the processing phase of a
T 0 -job on M2 starts at the same time as a set-up phase of
another T 0 -job on M1 then we obtain the smallest total idle
time possible on M2 . This idle time is unavoidable and equals
3B+2(n−1)B time units. The partial structure of the schedule
is as pictured by Fig. 4.

T3n+k2

Therefore,

P

i∈P`

P

i∈P`

2ai = 2B, ` = 1, . . . , n.
ai = B, ` = 1, . . . , n.

If we define subsets N` = P` , then N` , ` = 1, . . . , n represent
a solution of 3-partition.
V. MIP MODELS
Since the problem we are addressing is N P-hard in the
strong sense, the integer programming approach is well justified. In this section, we propose two mixed integer programming formulations.
A. First Model
This first model is based on directly defining the starting
time of each operation and the precedence relations between
operations. Most of the constraints are based on defining the
precedence relation between the operations. Thus, the decision
variables of the model are:
tji : starting time of operation j; j = 1, 2 of job Ti ;
i = 1, . . . , n.
The binary decision variables that express the precedence
relations between
operations

1 if Oji starts before Oj 0 i0 ;
xjij 0 i0 =
0 otherwise
j, j 0 = 1, 2; i, i0 = 1, . . . , n
Let us also
 define, for j = 1, 2 and i = 1, . . . , n, the following:
1 if sji > 0
aji =
0 otherwise
M: an upper bound of the makespan.
The objectif is to minimize the total completion time denote
y. The model is the following :
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min y
s.t. aj 0 i0 × (tji + sji ) ≤ tj 0 i0 + M × xjij 0 i0 ;
i, i0 = 1, . . . , n; j, j 0 = 1, 2;
(i, j) 6= (i0 , j 0 ).
aji ×(tj 0 i0 +sj 0 i0 ) ≤ tji +M ×(1−xjij 0 i0 );
i, i0 = 1, . . . , n;
j, j 0 = 1, 2; (i, j) 6= (i0 , j 0 ).
tji + sji + pji ≤ tji0 + M × xjiji0 ;
i, i0 = 1, . . . , n;
j = 1, 2; i 6= i0 .
(P1)
tji0 + sji0 + pji0 ≤ tji + M × (1 − xjiji0 );
i, i0 = 1, . . . , n;
j = 1, 2; i 6= i0 .
tji + sji + pji ≤ tj 0 i + M × xjij 0 i ;
i = 1, . . . , n;
j, j 0 = 1, 2; j 6= j 0 .
tji + sji + pji ≤ y;
i = 1, . . . , n; j, j 0 = 1, 2.

•
•

(1)

•
•
•

(2)

•

(1) ensures that there is only one operation on a position.
(2) makes that each operation takes one position.
(3) ensures that two successive set-ups dot not overlap.
(4) ensures that a machine processes one job at a time.
(5) imposes that the operations of the same job are not
processed simultaneously.
(6) establishes that the completion time of all jobs are
smaller or equal to y.

(3) C. Comparing the models

We first compare the components of the two models, the
number of variables and the number of constraints. The size
(4) of the two models are summarized in Table III. As we can see,
the number of binary variables in the second model is larger
than in the first model. The number of integer variables are
(5) the same for both models. The second difference resides in
the number of constraints where the second model has more
(6) constraints than the first model.
• (1) and (2) ensure that the server sets up only one job at
Binary
Integer
Model
Constraints
a time.
variables
variables
2
• (3) and (4) ensure that a machine processes only one job
(P1)
2n
2n + 1
8n2 − n
2
3 − 12n2 + 11n − 1
(P2)
4n
2n
+
1
12n
at a time.
• (5) ensures that operations of the same job will not be
TABLE III: Size of the mathematical models
processed at the same time.
• (6) indicates that the completion time of all jobs are
Let us now compare the performance of the two above
smaller or equal to y.
models.
We conducted a computational experiment on an
B. Second Model
IBM ILOG CPLEX Optimization Studio 12.7. The number
Since the set-ups cannot run in parallel, then a set-up order of jobs varies in {5, 10, 15, . . . , 75}. The set-up times and the
is defined for the operations. This results in a permutation of processing times are generated randomly, according to the
operations. The model is summarized in (P2).
variation of a certain parameter c ∈ {0.0, 0.1, 0.2, . . . , 0.9}.
The decision variables are the following for i = 1, . . . , n; The total processing times P = p +s and the set-up times
ji
ji
ji
j = 1, 2; k= 1, . . . , 2n:
of each operation are generated from a uniform distribution in
1 if operation Oji is in position k
xjik =
[min{10, n}, max{10, n}] and [bc × Pji c, b(0.3 + c) × Pji c],
0 otherwise
respectively. For a value of the two parameters (n, c) we
tk : starting time of the k th set-up, k = 1, . . . , 2n.
generate 10 instances. A run time limit of 3600 seconds is
M : an upper bound.
imposed for each instance. In what follows we compare the
min y
n
2
performance of the two models by comparing the average run
P P
s.t.
xjik = 1; k = 1, . . . , 2n.
(1) time given in seconds.
i=1 j=1
2n
P

xjik = 1; j = 1, 2; i = 1, . . . , n.

k=1

tk +

n P
2
P

i=1 j=1

(P2)

xjik × sji ≤ tk+1 ;

k = 1, . . . , 2n − 1.
n
P
tk +
xjik × (sji + pji ) − tk0 ≤ M ×
(1 −

i=1
n
P

i=1

(2)

(3)

xjik0 ); j = 1, 2;

k = 1, . . . , 2n − 1; k 0 = k + 1, . . . , 2n.
tk + (sji + pji ) − tk0 ≤ M × (2 − xjik −
xj 0 ik0 ); i = 1, . . . , n; j 6= j 0 = 1, 2;
k = 1, . . . , 2n − 1; k 0 = k + 1, . . . , 2n.
n P
2
P
tk +
xjik × (sji + pji ) ≤ y
i=1 j=1

k = 1, . . . , 2n.

(4)
(5)
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Fig. 5: c = 0.0

For the first type, c = 0.0, as we can see in Fig. 5, model
(P1) outperforms model (P2) and it can solve instances of up
to 75 jobs. Whereas (P2) run time increases rapidly to the
(6) point where it can solve only instances of at most 30 jobs.

54

Concerning the second type, c = 0.1, model (P1) is still
the outperforming model but it is less efficient than it was for
the first type. It is able to solve instances of up to 65 jobs.
However, even though (P2) is faster for this type than it was
for the previous one, it can solve instances of at most 30 jobs
as illustrated in Fig. 6.
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For the third type, c = 0.2, as shown in Fig. 7, the two
models have the same performance quality. Both are able to
solve instances for a number of jobs up to 30.

∗

∗
∗∗∗
∗
∗∗∗∗∗
∗∗∗
∗
5
10 15 20

∗

∗

∗


∗

∗

(P 1)
(P 2)

3600
35

n
2000

Fig. 7: c = 0.2
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When it comes to the fourth type, c = 0.3, we can clearly
see that it constitutes the hardest type instances. Model (P2)
can solve more instances but only those with up to 15 jobs.
Model (P1) could not solve any instance for n = 10. However
it was able to solve instances with 15 and 20 jobs. The running
times of (P1) and the performance of (P2) for the first interval
are summarized in Table IV and Fig. 8, respectively.
n
5
10
15
20

0.62 0.71
669.59 -

0.71 0.85
284.37 109.69 -

0.89 0.57 0.87
607.49 933.07 -
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-
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TABLE IV: Performance of (P1) for c = 0.3
For c = 0.4, both models were able to solve the same
size instances. However, model (P2) is faster than model (P1),
which makes it the outperforming model for this type. As
we can see in Fig. 9, both models solve instances up to 25
jobs. Clearly model (P2) is more efficient than model (P1) for
instances with c = 0.4.
Regarding instances with c = 0.5 and c = 0.6, the
performance of (P2) is better as instances up to 40 jobs may


∗

(P 1)
(P 2)

∗
∗
∗
∗
∗
∗
∗

∗
∗∗
∗∗∗∗∗∗∗∗∗
∗∗∗∗
∗∗∗∗
∗
5 10 15 20 25 30 35 40 n

Fig. 10: c = 0.5
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∗

be solved, whereas (P1) is much slower and was only able to
solve instances of at most 25 jobs. The results for these types
are summarized in Fig. 10 and 11.
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Fig. 6: c = 0.1
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Fig. 11: c = 0.6
For the last three types, c = 0.7, 0.8 and 0.9, model (P2)
remains the outperforming model solving instances of up to
40 jobs, even if the performance of (P1) improved for these
types compared to last four ones. Model (P1) is only able to
solve instances up to 35, as illustrated in Fig. 12, 13 and 14.
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Fig. 12: c = 0.7
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Fig. 13: c = 0.8

3600
3000
2000
1400
1000
600
200


∗

(P 1)
(P 2)

∗
∗
∗

∗∗
∗
∗
∗∗
∗∗∗
∗∗∗
∗∗∗∗
∗∗∗∗
∗∗∗∗
∗
5 10 15 20 25 30 35 40 n

Fig. 14: c = 0.9

It is easy to distinguish the types of instances for which
model (P1) outperforms model (P2). Indeed, model (P1) has
a better performance for the type of instances with c < 0.2.
Both models share the same performance for instances with
c = 0.2. For c > 0.2, model (P2) becomes the outperforming
model. Nevertheless, we may conclude that both models are
efficient.
VI. C ONCLUSION
We have studied in this paper the two-machine open shop
problem with the presence of a server that sets up the jobs
before their processing. We showed the N P-hardness in the
strong sense of a restricted case. Then, we proposed two
mixed integer linear programming formulations to solve the
general problem. Both models are shown, through an extensive
numerical experiment, to be useful in the sense that one is
better than the other for different instances types. The two
models complete each other, since one is effective when the
other is not and vice versa.
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Abstract—In this paper, we consider an assignment problem
in a health care facility where doctors with different working
volumes have to be assigned to continuous shifts. A doctor is not
allowed to work two consecutive shifts, and sometimes both the
first and the last shifts in the month cannot be served by the same
doctor. We show that this problem is equivalent to minimising
the makespan Cmax of scheduling n unit-time conflicting jobs on
m parallel uniform machines with speeds s1 ≥ s2 ≥ . . . ≥ sm .
The conflict is modelled by a graph G, in which two adjacent
jobs cannot be processed on the same machine. Herein, for the
sake of the assignment problem, G is restricted to a path Pn and
a cycle Cn . We present polynomial time algorithms to solve both
problems to optimality.
Index Terms—Scheduling, Conflict graph, Incompatible jobs,
Uniform machines, Continuous shifts, Assignment problem.

I. I NTRODUCTION
We address, in this paper, the following scheduling problem:
given a set J of n identical jobs, J = {J1 , J2 , . . . , Jn },
with one unit processing times, pi = 1 (i = 1, . . . , n), to
be scheduled on a set M of m parallel uniform machines,
M = {M1 , M2 , ..., Mm }. The machines run at different
speeds sj (j = 1, . . . , m), so as a machine Mj completes one
job execution in 1/sj units of time. It is supposed here that
s1 ≥ s2 ≥ ... ≥ sm . We assume that the jobs are subjected
to conflicting constraints modelled by an undirected graph G,
called the conflict graph. Each job is represented by a vertex
in G. Two jobs are incompatible if and only if there exists an
edge between them in G, which also means that these jobs
cannot be processed on the same machine.
A feasible schedule is an assignment of the jobs to the
machines where no two jobs on the same machine overlap or
are adjacent in G. In a given schedule, the completion time of
a job, denoted ci , is defined as the time by which the machine
completes its execution. The largest one among them defines
the makespan of the schedule Cmax . The objective is to find
a feasible schedule with the minimum makespan. Using three

field notation introduced in [10], this problem is written in
symbols as follows : Q|pi = 1, G = conflict graph|Cmax .
The scheduling problem, described above (referred to as
SCU), when restricted to path graphs Pn or cycles Cn is
related to one of the continuous shifts assignment problems,
we refer to as CSA. We often encounter this kind of problems
in hospitals, surveillance services, maintenance services, etc.
The CSA problem considered here is described as follows : A
health care facility is contracted with many doctors. The type
of contract is not the same for all of them, some work full-time,
others part-time, the rest is working according to a specific
volume mentioned in the contract. The facility working 24h
without cease. The day is divided into k shifts i.e. in one
month there is 30k (28k, 29k or 31k) shifts to be assigned to
the doctors with respect to their working volume. Due to stress
and fatigue caused by this kind of jobs, two consecutive shifts
cannot be assigned to the same doctor. Sometimes we forbid
to send the same doctor to work the first and the last shifts in
the month owing to additional paper work in those shifts. The
objective is to find a feasible assignment of the doctors to the
shifts with respect to the afore-cited constraints.
The rest of this paper is structured as follows. In section
2 we report some related work. A linear formulation and a
modelling of the problem is given in section 3. Section 4
presents polynomial time algorithms to solve the problem. We
conclude the paper in section 5.
II. L ITERATURE REVIEW
The problem of scheduling incompatible jobs, also known
as scheduling with conflicts in literature, has been investigated
in many papers. First of all, as regards the problem with
arbitrary job processing times and identical parallel machines
in presence of an arbitrary conflict graph, Bodlaender and
Jansen in [4] and Kowalczyk and Leus in [9] mentioned that
this problem is NP-complete even if G is empty, as it contains
both 3-partition and graph colouring problems as special
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cases, which makes it even hard to approximate. Bodlaender
and Jansen presented in [4] several heuristic approaches
according to the class of G, whereas, Kowalczyk and Leus
introduced in [9] an exact algorithm to solve the problem in
general. Furthermore, Bodlaender and Jansen. proved in [2]
that this problem remains NP-complete even if all the jobs
have one unit processing times by making reduction from the
problem of partitioning a graph into bounded independent sets
introduced by themselves in [3]. Concerning parallel uniform
machines, Dessouky et al. proved in [5] that the problem
of scheduling identical jobs on parallel uniform machines
is solvable in polynomial time when the conflict graph is
empty. Based on the work of Bodlaender and Jansen in [2]
[3], Furmanczyk and Kubale proved in [6] that the scheduling
problem Q4|pi = 1, G = Bipartite|Cmax is NP-hard. The
same authors, relying on their work in [8], proved in [7] the
NP-hardness of the problem Q3|pi = 1, G = Cubic|Cmax
when G is 3-chromatic. They also gave an O(n2 ) time
algorithm to solve the same problem when G is 2-chromatic.
The problems of personnel assignment to work shifts
have been widely investigated due to their large practical
importance. Here, we are only interested in scheduling
problems and related works.
III. F ORMULATION AND MODELLING
A. Linear formulation of CSA
We provide here an integer linear programming formulation
(P ) for the problem.
(P ) is formulated as follows. For every shift i and doctor
j a binary variable xij equals 1 if i is assigned to j and 0
otherwise. For each doctor j, we denote his working volume
by vj . The CSA model can be structured as follows :
Find solution to
Pm

j=1

xij = 1

(P ) xij + x(i+1)j ≤ 1
Pn

i=1

xij = vj

xij ∈ {0, 1}

(1)
∀i = 1, n

B. Modelling
In this section we show how CSA can be modelled as SCU
restricted to paths and cycles. Solving these two cases of SCU
will allow us to solve CSA in the same way.
Each shift is considered as a job. A doctor is represented
by a machine, where the work volume is designated as its
speed. For a path graph Pn , two consecutive jobs cannot
be processed by the same machine which means, in CSA,
that two consecutive shifts cannot be assigned to the same
doctor. For a cycle Cn , we can solve the extension to
the main problem where the first shift and the last one
cannot be assigned to the same doctor. Minimising the
makespan, Cmax , of SCU is equivalent to finding a feasible
assignment to the continuous shifts assignment problem.
Note that the number of shifts to be worked by each
doctor is determined according to his work volume and set as
a machine’s speed. Consequently, 1 is a lower bound to Cmax .
IV. R ESOLUTION
We investigate here the complexity of our scheduling problem when the conflict graph is restricted to paths and cycles. In
this section, we prove that these two problems are efficiently
solvable in polynomial time. In what follows, for convenience
we will refer to the jobs numbered odd (respectively even) as
odd jobs (respectively even jobs).
A. Basic result
We first state one of the basic results as regards scheduling
problems on parallel uniform machines, that is when the
conflict graph is empty (the vertices form an independent set).
Two different methods have been presented in [5] to solve this
problem in polynomial time, namely in O(n + m. log m) time
or in O(n. log m) time. The O(n + m. log m) time method is
summarised in Algorithm 1.
First, consider the following linear formulation :

(2)
M inimise
Subject to

∀i = 1, n − 1; ∀j = 1, m (3)
∀j = 1, m

(4)

∀i = 1, n; ∀j = 1, m

(5)

Cmax
Pm

j=1

(P 1)

The objective is to obtain a feasible assignment. Constraints
(2) assure that each shift is assigned to exactly one doctor.
The conflict is modelled by inequalities (3) as they force
consecutive shifts to be taken by different doctors. Inequalities
(4) ensure that for each doctor the amount of assigned shifts
is equal to his working volume. The condition on variables
xij is given in (5).
If the first and the last shifts cannot be served by the same
doctor we add, to the model, the following constraints :
x1j + xnj ≤ 1, ∀j = 1, m
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(1)

xj = n

xj /sj ≤ Cmax
Cmax ≥ 0
xj ∈ {0, 1}

(2)
∀j = 1, m (3)
(4)
∀j = 1, m (5)

The decision variable xj denotes the number of jobs to
be assigned to machine Mj (j = 1, . . . , m).
A priority queue is a data structure for a set of n ordered
elements, in which inserting or deleting an element takes
O(log n) time [1]. Also, note that a queue of n elements can
be ordered in O(n. log n) time.

Algorithm 1: Scheduling independent jobs
Data: n unit-time jobs, m uniform machines.
Result: Optimal schedule.
1 Solve the linear programming relaxation of (P1);
2 Assign bxj c jobs to Mj (j = 1, . . . , m);
Pm
3 Let r = n −
j=1 bxj c be the number of unscheduled
jobs;
4 If r > 0, initialise a priority queue of the m current
machines completion times, send each of the r jobs
to the machine with the earliest completion time in
the queue; then update the queue according to the
new machine’s completion time.
B. Path graphs
In what follows, we present a polynomial time algorithm
to solve SCU restricted to paths (Algorithm 2). Then, we
show why the produced schedule is optimal.

of the maximum independent set in Pn (also the number of
odd jobs).
In case m = 2, the optimal solution can be found by
assigning the jobs numbered odd to the fastest machine and
the even ones to the other machine.
For m ≥ 3 : using Algorithm 1, we determine the number
of jobs nj , to be assigned to Mj (j = 1, . . . , m), regardless
of the conflict constraints. Due to the machines speed we get:
n1 ≥ . . . ≥ nm .
Now, we have to prove that there is a way to schedule the
jobs with respect to nj (j = 1, . . . , m) without having two
conflicting jobs on the same machine, otherwise, any change
we make keeps the schedule optimal. To do so we distinguish
two cases :
1) n1 > dn/2e : we stated above that no machine can
receive more than dn/2e jobs. Hence, in this case we
assign to M1 all the odd jobs, then we schedule the
even ones on the remaining machines, M − M1 , using
Algorithm 1.
2) n1 ≤ dn/2e : Starting from the fastest machine M1
to the slowest one Mm , we schedule increasingly the
odd jobs first, then the even ones right after. Let Mk ,
1 ≤ k ≤ m, be the machine that contains both odd and
even jobs, if the case exists. These jobs are compatible
if and only if for any two jobs s and t in Mk we have
|s − t| ≥ 2, which also can be viewed as the distance
between them in the path.
Let α denote the number of odd jobs in Mk , let r be the
first odd job scheduled on Mk , r ≥ 2nk−1 + 1. Figure
1 depicts how the jobs are ordered in machines.

Algorithm 2: Q|pi = 1, G = Path|Cmax
Data: n conflicting jobs modelled by a path, m
uniform machines (m ≥ 2).
Result: Optimal schedule.
1 Label the jobs (vertices) in the path increasingly from
1 to n;
2 Compute through Algorithm 1 (regardless of conflict)
the number of jobs nj to be sent to machine Mj ;
3 if m = 2 then
4
Assign to M1 (respectively M2 ) all the odd jobs
(respectively all the even jobs);
5 else
6
if n1 > d n2 e then
7
Assign to M1 all the odd jobs;
8
Apply Algorithm 1 to schedule the even jobs
on M − M1 ;
9
else
10
Apply Algorithm 1 to determine nj the
number of jobs to be assigned to Mj ;
11
Assign nj jobs to Mj , starting with the odd
jobs first then the even ones.
Theorem 1. The scheduling problem Q|pi = 1, G =
Path|Cmax can be solved in O(n + m. log m) time using
Algorithm 2.

Fig. 1. The order of the jobs in the machines.

Proof. We first label the jobs in the path increasingly from 1
to n as follows:

To make sure that all the jobs in Mk are compatible, we
have to check that the distance between the closest odd
job and even job (scheduled on Mk ) is greater than or
equals 2.
2(nk − α) and r are the closest ones (see Figure 2), the
order comes from the fact that r ≥ 2nk + 1 ≥ 2(nk − α)
(note that nk−1 ≥ nk ).
In the following, the result of subtracting 2(nk −α) from

It is so obvious that the number of odd jobs is greater than
or equal to the number of even ones. It is also clear that no
machine can receive more than dn/2e jobs, which is the size
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r is a distance that equals at least 3.
|r − 2(nk − α)| = |r − 2nk + 2α| ≥ 2α + 1 ≥ 3

(r − 2nk ≥ 1 and α ≥ 1).

Fig. 2. The distance between the closest odd job and even job scheduled on
Mk .

do the same thing we did with the paths under the
restriction that 1 and n cannot be processed by the same
machine. An optimal schedule can be found as follows :
if n1 > bn/2c then M1 receives all the odd jobs except
n which will be scheduled with the even jobs on the
remaining machines (M − M1 ) as one independent set
using Algorithm 1. We only need to put the jobs n and
n − 1 on different machines.
Otherwise, n1 ≤ bn/2c, the method used with the paths
assures that the job 1 is scheduled on M1 and the job
n on some other machine since n1 ≤ bn/2c. Thus, we
wind up with the same restrictions as in a path of n jobs.
Hence, we can produce an optimal solution by applying
the same method used with the paths.

C. Cycle graphs
Based on the previous result, we prove that for cycle graphs
Algorithm 3 yields an optimal schedule to the problem in
polynomial time.
Algorithm 3: Q|pi = 1, G = Cycle|Cmax
Data: n conflicting jobs modelled by a cycle, m
uniform machines (m ≥ 2).
Result: Optimal schedule.
1 Label the jobs (vertices) in the cycle increasingly from
1 to n;
2 if n is even then
3
Apply Algorithm 2;
4 else if m ≥ 3 then
5
if n1 > d n2 e then
6
Assign to M1 all the odd jobs except the job
numbered n;
7
Apply Algorithm 1 to schedule the even jobs
and the job numbered n (as one independent
set) on M − M1 , such that job n − 1
(respectively job n) is assigned to M2
(respectively M3 );
8
else
9
Apply Algorithm 2.

V. C ONCLUSION
The work done in this paper was motivated by a continuous
shifts assignment problem encountered in a health care facility
and in many similar contexts. We showed that this problem is
equivalent to minimising the makespan of scheduling identical
conflicting jobs on uniform machines when the conflict is
modelled by a path Pn or a cycle Cn . We proved that
the solution to the problem produced by Algorithm 2 and
Algorithm 3 is optimal and is obtained in polynomial time.
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Abstract—

Web Service (WS) domain ontologies are
the general means by which semantic layer is added to
WS, therefore, providing a solution for automating
several tasks such as WS discovery and composition. In
this paper, we present our work for building and
populating a WS domain ontology to remedy to the
problem of ambiguous service functionality. WS domain
ontologies contain domain specific knowledge, which is
used to complete the generic descriptions. Our proposal
uses linked open data (LOD) resource such as DBpedia
to enrich the proposed WS temporary Ontology firstly,
created from the WS Description Language (WSDL).
LOD
represents
a
promising
source
for
many
applications of the Semantic Web and has recently
emerged as a set of best practices for publishing and
connecting structured data on the Web. We populate our
ontology by querying the LOD sets with SPARQL for
extracting
instances
from
these
sources
through
mappings between a subset of its components and those
in LOD sets.
Keywords—Ontology, LOD, SPARQL, Web Service, WSDL

I. INTRODUCTION
The Semantic Web (SW) community addressed the
limitations of current WS technology by augmenting the
service descriptions with semantics in order to realize the
automation of several tasks such as WS discovery and
composition. As a result, several research projects adopted
Semantic Web Service (SWS) technology in different
application domains such as tourism, health, .etc.
The description of SWS concerns two types of ontology,
the first, a service ontology that specifies the domain
semantic aspects of a WS and is developed by a group of
experts but dedicated to a large community of users. The
second type is domain ontology that provides the domain
concepts of a WS, which denote entities and features offered
by the WS.
A common characteristic of all emerging frameworks for
SWS descriptions [1] is that they combine two kinds of
ontologies to obtain a service description. First, a generic WS
ontology, such as OWL-S, specifies generic WS concepts
(e.g., Input, Output) and prescribes the backbone of the SWS
description. Second, a domain ontology does not exist.
Furthermore, the construction of domain ontologies for SWS
is a very complex task and time-consuming.
The goal of this paper is to build and enrich a WS
ontology. To achieve this goal we need to understand the
requirements that these ontologies should fulfill.
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The work presented here constitutes an extension to
previous work of ours [2], including the following new
materials over the previous paper:
1.

An extended related work section, now
featuring a number of approaches for ontology
population from a LOD resource;

2.

Development of a WS ontology.

3.

Ontology population using SPARQL queries
against LOD resource such as DBpedia or
other linked datasets.

Another feature of our proposal is that, we use the
statistical variance in order to find the suitable value for
populating the WS ontology.
The remainder of the paper is organized as follows: Next
Section introduces a background. Section 3 gives an
overview of related works. Section 4 presents in detail our
approach for building and populating WS ontology, followed
by an experimentation and evaluation of the versatility and
scalability of the approach. Finally, in section 5, the paper is
concluded with final remarks and directions for future work.
II. PRELIMINARIES
In this section, we will introduce some basic definitions
for setting the context of our work. We give an overview
about the LOD paradigm.
LOD has recently emerged as “a set of best practices for
publishing and connecting structured data on the Web” [3].
LOD is a W3C and community-based initiative working on
extending the Web, as we know it by meaningfully
connecting data from heterogeneous sources. In an effort to
realize the “Web of Data”, a great number of LOD data Sets
have been created and made freely available for sharing,
reuse and interlinking.
According to [4], LOD is based on two principal
ideas: (1) employing Resource Description Framework
(RDF) to publish structured data sources, which were
previously only, suited for human use and (2)
explicitly interlinking different data sources using
significant relationships.
Berners-Lee outlined a set of Linked Data
Principles for publishing data on the Web [5] in a way
that all published data becomes part of a single global
data space:
1.
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Use URIs as names for things.

2.

Use HTTP URIs so that people can look up
those names.

3.

When someone looks up a URI, provide useful
information,
using
the
standards
(RDF,
SPARQL).

4.

Include links to other URIs, so that they can
discover more things.
III.

RELATED WORKS

Ontology population has already been deployed in
various domains, like e.g. e-health and WS. Overall, the most
ontology population approaches, typically involve machine
learning, text mining and natural language processing
techniques and are mainly addressed to extracting and
retrieving possible instances from natural language text or
Web sources.
Several studies have been conducted in the context of
ontology engineering. Regarding WS ontology construction
and population, the authors in [6] present a possible attempt,
that uses DBpedia, they manually map a local ontology to
DBpedia classes and execute SPARQL queries that retrieve
the corresponding instances; however, no details are given
regarding the specifics of the population process.
In [7], the authors introduce a mapping tool called
ASSAM, which generates OWL-S file from WSDL file. This
tool does not provide an organization for the available
ontologies. This lack of organization yields in many
problems especially when the tool is used in a real SWS
system where the existence of a large number of ontologies
and concepts (classes) is expected. The tool introduces a list
of different choices to the user to select the most appropriate
class that can represent a semantic definition for each data
type in the WSDL file. This list is an unranked. Therefore,
the choosing process is difficult for any user.
MWSAF [8] is another tool, which annotates the WSDL
descriptions with metadata from relevant ontologies. Due to
the difference in expressiveness of WSDL and OWL, it is
difficult directly matching the two formats. One of the most
important components of the tool is the Ontology repository,
which stores the ontologies used by the system to annotate
the WS. The new ontologies are categorized into domains
without collecting information about its internal structure.
In [9], the authors introduce a tool called
WSDL2OWLS, which provides a transition between
WSDL and OWL-S. The results of this transformation
are a complete specification of the Grounding and a
partial specification of the Process Model and Profile
of OWL-S. The incompleteness of the specification is
because OWL-S and WSDL differs in the information
contained.
The authors in [10] propose a mapping algorithm that
helps to facilitate the integration of the current conventional
WS into the new environment of the Semantic Web. This has
been achieved by extracting information from WSDL files
and using it to create a new semantic description files using
OWL-S. However, their proposal focuses only on the Service
Profile and no proposal validation is presented.
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IV.

BOWS - OUR APPROACH FOR BUILDING ONTOLOGY
FOR WEB SERVICE

Generic and domain ontologies are equally important
when building SWS descriptions. In this paper, we turn our
attention to WS domain ontologies.
The proposal is a semi-automatic assessment approach.
The architecture of the proposed approach is shown in Figure
1 and it mainly consists of four steps: 1) WSDL Analysis, 2)
Matching, 3) Populating, and 4) Validation. The first step
extracts tokens representing relevant information from a
WSDL document and build an OWL ontology. The second
step looks after instances in LOD. The third step populates
the temporary ontology from the instances of the LOD.
Finally, the last step validates the correctness and
completeness of the build WS ontology.
Our approach similarly to approaches cited in Section 3
lies in the use of a LOD source as input for ontology
population and enrichment. In this sense, BOWS could easily
be used as the underlying ontology population tool in the
SWS context.
BOWS proceeds with any kind of LOD as an external
knowledge source for extracting concepts of interest and for
populating them into the domain ontology.
The overall approach consists of taking each parameter of
a WS in WSDL and associating it to the appropriate concept
in the LOD resource using a semantic similarity measure
algorithm.
During the whole process, we use similarity
measure algorithms and a set of mapping rules to
enrich the service ontology.
Next, we describe the four steps of the building
process in details.
A. Step 1: Wsdl Analysis
The lack of semantics in WSDL [11] prevents automatic
discovery and hence automatic invocation and composition.
Unfortunately, it is difficult to match WSDL to the ontology
due to the differences between these two models [12]. To
solve the problem, we use mapping rules on WSDL to
generate the corresponding OWL ontology, which we call
“temporary ontology”. Then, population can be performed
by computing semantic similarities between the “temporary
ontology” and instances extracted from the LOD.
WSDL is an XML-based language that used to describe
the operations that can be performed by a certain WS as well
as its location. In our feature extraction we consider the
structure of both WSDL specification version 1.1 and 2.0.
A WSDL document (version 1.1) describes a WS using
six major components:

multiple names based on the assumption that a capital
letter indicates the start of a new word.
In addition, the types of information retrieved from
the WSDL file are mostly composed of different
words.
For
instance,
the
identifier
“GetWeatherResponse”, encloses the words: Get,
Weather and Response. Indeed, a tokenization that
decomposes a given name into its terms step is needed.
For this reason, we use blank spaces to segregate terms
in the same set. As a result, the set of obtained terms
will be used for the calculation of similarity between
words.
B. Step 2: Matching
The essence of this step is to calculate similarities
between “temporary ontology” and LOD instances.
The idea is that a matching is done between concepts
of the temporary ontology and the LOD instances,
based on the result of this matching; the temporary
ontology is populated.

Fig. 1. The flow chart of the ontology building process

1. <types> element is an XML type definition that
describes the data containers used in message exchanges.
2. <messages> element is an abstract representation of the
transmitted information. Typically, a message contains
one or more logical parts (parameters). These parts are
associated with a type definition.
3. <portType> is an important component in WSDL
documents, in which a set of abstract operations
(functions) that can be performed by the WS are defined.
Each operation is associated with an input and/or output
message.
4. <binding> component specifies the communication
protocol and data format for each operation and message
defined in a particular portType element.
5. <service> element is a composite operation that
aggregates multiple related ports or functions.
This step is fully automatic and aims to extract an OWL
temporary ontology. It is a mixture of the work presented in
[2] and EasyWSDL java API [13].
EasyWSDL Toolbox is a powerful WSDL parsing
library. It can be used to parse both WSDL 1.1 and WSDL
2.0 descriptions and manipulates them in a unified object
model.
The specification of the temporary owl ontology includes
the class definitions, the entities of the classes as well as their
properties and the relationships between classes (which
includes the parent-child relations between two classes and
entities of these two classes).

We use SPARQL [14] to query the endpoints
hosting ontologies for the existing relations between
all the Input and Output nodes in a pairwise fashion.
Each combination of an input and an output requires
its own SPARQL query consisting of a more or less
complex template depending on the nature of the
searched paths.
SPARQL Protocol And RDF Query Language. As
its name suggests, SPARQL is fundamentally a
language for formulating queries, through which
information can be retrieved from datasets. However,
since it is targetted at datasets published on the World
Wide Web, it also provides a protocol for specifying
SPARQL commands. Moreover, in the latest version
SPARQL 1.1 it has been extended to allow updating as
well as querying, so that a SPARQL command can
require data to be added, revised or deleted.
The World Wide Web Consortium (W3C)
proposed SPARQL as a standard in November 2008.
Furthermore, to perform the matching procedure,
we
use
seven(7)
semantic
similarity
measure
algorithms based on Wordnet1 considered interesting
[15].The semantic similarity between two elements
returns a numerical value (included in [0, 1])
indicating whether these elements have a degree, high
or low of similarity.
In the following, we give an overview of the used
algorithms.
1. Wu and Palmer [15] introduced a measure that finds
the path length of the root node from the least common
subsumer (LCS) of two concepts: c1 and c2, which is the
most specific common concept lso(c1,c2) they share as
an ancestor (see Formula 1).

We consider also the WS name used in the URI of
the WSDL document. For example, the URI of the
WeatherForecast
WS
is
http://www.webservicex.net/WeatherForecast.Asmx?
WSDL, and so the name of the WS is”Weather
Forecast”. This name could be completely different
from the name used inside the WSDL document itself.
In
case
of
composite
names,
such
as
‘WeatherForecast’, we split the composite name into

1
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https://wordnet.princeton.edu/

2. Lin [15] stated that “the similarity between A
and B is measured by the ratio between the amount
of information needed to state the commonality of
A and B and the information needed to fully
describe what A and B are.” This measure uses the
amount of information needed to state the
commonality between the two concepts and the
information needed to describe these terms (see
Formula 2).

3. Path [15] assumes that the similarity between
concepts c1 and c2 depends on how close the two
concepts are in the taxonomy. A longer path length
indicates less relatedness (Formula 3):

4. Leacock and Chodorow semantic relatedness
[15] is a measure that finds the shortest path length
between two concepts c1 and c2, and scales that
value by the maximum path length in the is-A
hierarchy in which they occur (see Formula 4).

5. Lesk [15] proposed that the relatedness of two
words is proportional to the extent of overlaps of
their dictionary definitions. The definition of each
sense of a word in a phrase is compared to the
definitions of every other word in the phrase. A
word is assigned the sense whose definition shares
the largest number of words in common with the
definitions of the other words.

a pair of concepts may be judged by “the extent to
which they share information”, Resnik (see
Formula 7) calculates the semantic relatedness
between two lexicalized concepts.

We also set a threshold value for the
measure. The threshold represents the
accuracy; the use of a threshold outlines the
tolerance during calculations. Additionally,
threshold value is larger; more the results
accurate.

similarity
required
acceptable
more the
are more

We chose arbitrarily the value 0.5 for the threshold,
which represents a degree of correctness of the
concepts used for the matching. This value is firstly an
interesting value and we think is a better tolerance.
More the computed similarity is less than the
predefined threshold, more the matching process is
correct. However, in future work, we plan to use a set
of values for the threshold in order to obtain more
correct concepts for the annotation process in the
whole, we consider at last, only the values higher or
equalthe threshold value.
However, because each algorithm returns a
different value, and we can find different matching
results that fulfill the criterion, choosing the best
instance is as least difficult, because we have to take
only one instance. We propose to use the arithmetic
mean, M (formula 8) and mathematical variance, V
(formula 9) to have a good matching result and the
most best LOD instances.

The variance presents the average of the squared
differences from the Mean (formula 9). It measures
how far a set of values are spread out from their
average value.

6. Hirst and St-Onge [15] is a semantic
relatedness measure that states that two lexicalized
concepts are semantically close if their WordNet
synsets are connected by a path that is not too long
and it is not changing its direction frequently. This
relationship is measured by Formula 5.

We store all this values to use them for the following
step.

7. Jian and Conrath [15] is an IC distance measure
that
uses
the
conditional
probability
of
encountering an instance of a subclass synset given
an instance of a superclass synset. Thus the
information content of the two nodes, as well as
that of their most specific subsume are considered.
Formula 6 measures the semantic distance, the
inverse of similarity.

For the same ontological concept, we query first
the LOD to retrieve the most suitable instances. We
calculate for each instance the semantic similarity
measure using the seven (7) algorithms, M and V.
Finally, we select the instance whose variance is the
smallest.

8. Resnik [15] presents a semantic relatedness
approach that uses the information of concepts,
computed from their frequency of occurrence in a
large corpus. Considers that the similarity between
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C. Step 3: Populating
This step is full automatic; the retrieved instances
are populated in the temporary ontology according to
the matching results.

The retrieved instances are filtered according to
their matching scores and are then inserted, together
with their accompanied/selected properties and values,
into a target ontology. The result of this step is a
populated service ontology expressed in the OWL
language.

Table 1 presents an example of the matching scores
retrieved during the experimentation step of an
ontological concept of the temporary ontology and
three (3) instances of DBpedia.
TABLE I.

MATCHING
BUILDING ONTOLOGY

RESULTS EXAMPLES FOR THE SAME CONCEPT

Formula
Formula 1

Instance1

Instance2

Instance3

0,85

0,25

0,66

Formula 2

0,56

0,39

0,75

Formula 3

0,88

0,87

0,24

Formula 4

0,85

0,44

0,65

Formula 5

0,48

0,77

0,65

Formula 6

0,8

0,89

0,75

Formula 7

0,84

0,55

0,54

Formula 8

0,75

0,59

0,61

Formula 9

0,02

0,05

0,03

According to the formula 9, the most interesting
instance used for populating the temporary ontology is
istance1 because it is the smallest value.

VI.

To illustrate the effectiveness of our method, we
carry out tests to evaluate built ontologies. Due to the
lack of a mature ontology evaluation platform, we
define a set of criterions.
We conducted a user evaluation by contributors of
the ontology domain, which resulted in very
promising. The key findings of the evaluation are
presented in Table 2.
The criterions were taken from several projects
related to the ontology-engineering domain. According
to the defined criterions, the results were satisfactory.
TABLE II.

D. Step 4: Validation
All the previous steps may introduce wrong
concepts and relationships, thus a validation step is
needed. This step is often done before storing the
ontology that should be validated to ensure correctness
and accuracy.
We use the protégé tool2 to validate our ontology.
Protégé is a free, open source ontology editor and a
knowledge management system. Protégé is an
application written in Java and provides a graphic user
interface to define ontologies.
Note that, expert domain could add any additional
information
to
the
produced
owl
ontology;
furthermore, he could optionally introduces nonfunctional properties.
V.

EXPERIMENT

BOWS is a novel software tool for ontology
building population and semantic enrichment that can
retrieve instantiations of concepts from Linked Data
sources.
The building tool is implemented with Java; it
receives as input a WSDL document (1.1 or 2.0) that
syntactically describes a WS and a set of LOD sources
such as DBpedia. The instances are extracted from a
query-able LOD repository. The output generated by
the tool is a service ontology semantically enriched
from LOD sources.
BOWS is capable to operate with any OWL
ontology and any RDF LOD dataset served via a
SPARQL endpoint.
BOWS performs SPARQL queries and contains a
directory for storing the target ontologies. However, at
present, BOWS cannot validating the final ontology;
therefore, we use the protégé editor to do this task.
2

EVALUATION

The purpose of the evaluation step is to ascertain
the correctness of instances extracted from the LOD
source for the ontology population, which means
taking into consideration the completeness and
consistency of meaning of the built ontology by
avoiding
concept
duplication,
excessiveness
and
inconsistent relationships.

EVALUATION CRITERIA OF THE BUILDING ONTOLOGY

Ontology Criteria
Consistent of ontology

Percentage
64%

easiness of usage

85%

Completeness

55%

attractiveness

75%

user-friendliness

70%

Semantic data enrichment

60%

VII. CONCLUSION
In this paper, we have described the current main
approaches related to building and enriching service
ontology and we have proposed a novel approach for
building WS ontology from LOD source to remedy to
the problem of ambiguous service functionality.
The presented proposal is based on the idea that
semantics of a WS can be extracted by analyzing the
WSDL File. These semantics are supplemented with
the LOD sources.
Our enrichment approach extracts instances from
the LOD sources using SPARQL, and from the text
descriptions of services. We aimed to prove the
feasibility of solving this problem in a way that has not
been tackled before to our knowledge.
We believe that the results of our initial
experimentation are quite promising, and we will
continue to develop and evaluate this process.
In our future work, we tackle the WADL
description. Furtheremore, the reusing, sharing, and
maintaining of the ontology for future issues that relate
to our ontology need to be considered.
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Abstract—The majority of intelligent approaches supporting
advanced energy-saving policies require a learning phase.
Preliminary and necessary knowledge is acquired to allow the smart
building management system to provide efficient energy saving
services. But all those approaches are non-temporal. Decisions
results from energy saving artificial intelligent algorithms run out at
the smart building without examining the effects that may result
from the implementation of these decisions. The series
implementation of those services can lead to deficient energysaving
policy, even if those decisions save some wasted energy in current
situations. In this paper, we present a new approach for saving
energy in smart buildings based on temporal context called
TempCSESB (temporal context for Saving energy in the smart
building). TempCSESB uses a new technique to enhance the
effectiveness of energy-saving decisions. Before applying those
decisions in the real smart building, the proposed method uses
temporal context to test provided services in temporal phase. This
temporal context model contains a full description of the current
state of the smart building to simulate the building situations in a
temporal context. The proposed approach allows knowing the effect
of the services before applying them to the real smart building.
Index Terms—Energy Efficiency; Smart Building; Temporal
Context; Context-awareness; Ontology; SWRL rules; proteg´ e´ 5

I. INTRODUCTION
In recent years, energy-saving becomes an important
research area because of the increase in energy cost and
concerns about the environment. Business and residential
building account for a significant fraction of the overall world
energy consumption of about 20%. Today technology
produces many appliances that automate our tasks and offer
many services. There are many systems provide solutions to
make our life more comfortable and secure. Various methods
and techniques explore technology and artificial intelligence
approaches to delivering solutions for saving energy in the
building. The most straightforward approach to energy
efficiency in the building is increasing users awareness about
energy consumption. This method is based on providing
appropriate feedback to users about energy consumption to

raise their awareness and encourage eco-friendly behaviors.
User awareness is supported in many commercial systems in
order to valuably influence the user behaviors to reduce cost
by providing feedback using the measures of energy
consumption [1]. Several products support user awareness
such as Microsoft Hohm [2], which is an online web
application that allows consumers to analyze their energy
consumption and provide energy-saving recommendations.
This product was delivered by Microsoft in 2009. Berkeley
Energy Dashboard is another user awareness supported
product application [3], it tracks the effects of inhabitants’
efforts for saving energy in the building, for example, turning
the light off at night or activating energy saving mode on the
computer. This method enables us to see clearly the
cumulative impact of inhabitant behaviors in the building.
However, there are many other proposed solutions to
increase the user’s energy consumption awareness as
AlertMe [4], E2Home [5]. User awareness approach is quite
limited. It is not based on intelligent algorithms. And it does
not have any direct effect in the environment that brings
about decisions to be applied in a smart building through
actuators and appliances. Reducing standby power
consumption mode is another simple method for saving
energy in the building. This method is based on reducing
energy waste of standby mode. Once the standby mode
detected, the device can switch off. There are numerous
works dealing with this issue like [6], [7]. Reducing energy in
standby is also a limited way because it is based only on
appliances in standby mode. However, the biggest energy
waste comes from the running appliances in waste contexts.
Activity scheduling [16] is an approach based on determining
the optimal schedule of human activity regarding appliances
that consume higher energy or energy-hungry tasks that do
not require user interaction like a dishwasher or washing
machine. This method reduces the cost of electricity by
planning this activity or tasks when the energy fares are
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cheaper or the green energy production is available like solar
energy. This approach can be applied just if energy fares vary
over time or the building has a renewable energy source and
production change over time. In [8], the author proposes a
building management system that enables users to specify
the exact time period when a certain task must be executed
by an appliance. There are several other works using this
approach like [9]–[11]. Adaptive control is an approach based
on the immediate reaction of smart building devices in realtime For example when the room is empty the light goes off
or controlling the Heating, ventilation, and air conditioning
(HVAC) to save energy. This approach is the most important
feature in building energy management system (BEMS). But
this method should follow the right policies to avoid negative
effects on inhabitants’ comfort. This approach needs to be
supported by artificial intelligence techniques to detect users’
presence activity [12]–[15], learning users’ preferences to
satisfy their need taking into account only their actual
requirements. The energy saving approaches can be divided
into 2 groups: reaction-based approaches and long-term
planning based approaches [16].

The rest of this paper is structured as follows: Section II we
will present the definition of context concept. then we display
our TempCSESB approach and its models in section III. In
section IV we explain the TempCSESB working mechanism.
Finally, we conclude with Conclusion and the planned future
work for this project.
II. CONCEPTS DEFINITION
A. Context definition
There are many types of research provide definitions of
context, Abowd and Mynatt [18] identified five minimum
necessary information to understand contexts are W’s (who,
what, where, when, why). Dey [20] define context as: ’
Context is any information that can be used to characterize
the ”situation of an entity”. An entity is a ”person”, ”place”,
or
”object” that is considered relevant to the interaction
between

Reducing standby power consumption and adaptive control
techniques can be seen as reaction-based approaches. Those
approaches are based on surveillance smart building and it’s
the environment and make immediate reaction based on
intelligent algorithms to changing environmental parameters
by controlling appliances, for example switching device on/off
or update its parameter values. Energy consumption
awareness and activity scheduling approach can be
considered as a long-term planning approach because the
result of that approach appears later. The problem in these
two main approaches is the difficulty to ensure the
interaction based methods to lead the smart building to the
best energy saving policy and get the best energy saving
resulting in future. The other problem of intelligent
techniques for planning is missing the immediate interaction
and high cost for planning especially in the context of
complex scenarios which require planning over time.
In our opinion, the solution to provide the best energy
saving policies in the following direction to identify a trade-off
between a reactive approach and long-term planning
approaches (figure 1). To benefit from the advantage of both
strategies and addressing avoidable environmental
fluctuations, and the variations in user behavior. The other
lack in both approaches is applying the result of those
intelligent techniques directly in the smart building. This
method could not avoid the mistake of bad decisions if they
implemented directly in an intelligent building. To solve those
problems, We propose a new approach called TempCSESB
(Temporal context for saving energy in the smart building).
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Fig. 1. Comparison of TempCSESB with other saving energy approaches.

a ”user and an application”, ”including the user and
applications” themselves”. Sanchez [21] explained the
distinction between ’data row’ and ’context information’,
data row (sensor data) is is unprocessed and retrieved
directly from the data sources like sensors. And context
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information is generated by processing data row. There are
many concepts related to context definition, we will present
some of the most important concepts in following
subsections.

3) Intelligence Cycle [26]: collection → Processing → analysis→

1)
context levels: the context level is divided into two
levels: the primary context and secondary context. The
primary context is a piece of information collected without
using existing contexts and without performing any kind of
process (sensor data fusion operation). The secondary
context is any information that can be computed using the
primary context.

5) WCXMS Lifecycle [28]: context sensing → context

2)
Context types and Categorization Schemes : There
are many kinds of context types and each type is used to
characterize an entity. Perera and Arkady [22] have
presented the most ’24’ context types used in literature. They
have identified User, Computing (system), Physical
(Environment), Social, Networking, Things, Sensor, Who
(identity), Where (Location), When (Time), What (Activity),
Why, Sensed, Static, Profiled , Derived, Operational,
Objective, External (Physical), Internal (Logical), Low-Level
(Observable) and Hight-Level (Non-Observable). There are
two broader categories of context: operational and
conceptual. The operational context categorization is based
on how data were acquired, modeled and treated. The
conceptual context categorization is based on the meaning
and conceptual relationships between the contexts.
3)
Context Model and context Attribute: Henrichsen
[23] defines context model and attribute as fellow: the
context model identifies a concrete subset of the context that
is realistically attainable from sensors, applications, and users
and able to be exploited in the execution of the task. The
context model that is employed by a given context-aware
application is usually explicitly specified by the application
developer but may evolve over time [23]. A context attribute
is an element of the context model describing the context. A
context attribute has an identifier, a type, and a value.

publication → Feedback → ...

4) Ferscha et al. Lifecycle [27]: sensing → transformation→
representation → rule base → Actuation → ...
transmission → context acquisition → context classification →
context handling → context dissemination → context usage →
context deletion → Context request → context maintenance →
context disposition → ...

6) In addition to the life cycles, Bernardos et al. [29]
identified three phases in a typical context
management system: context acquisition → information
processing → reasoning → decision ...

7) Charith Perera, Student Member [22] , After reviewing
the above life cycles, we derived an appropriate (i.e.
minimum number of phases but includes all essential)
context life cycle as depicted in Figure 6 : Context
Acquisition → Context moduleing → Context Reasoning →
Context ...

III. THE TEMPCSESB TECHNIQUE
As we know each event happen in the smart building, have
an effect on smart building and its environment. And each
event can be a condition to start one or more events. The
provided services of saving energy techniques are considered
as the events. And those services may lead to producing
effects on the environment. these effects sometimes lead to
bad energy saving policy. We propose a new approach called
TempCSESB (Temporal Context for Saving Energy in Smart
Building). TempCSESB uses a temporal context to ensure the
efficiency of energy saving techniques by providing the

4)
Context life cycle: The context lifecycle shows how
data moves from phase to phase in software systems. There
are many types of research provide there own context life
cycle. In following list 1-7 belong, we present some context
lifecycle examples. The right arrow denotes data transfer
from one phase to another. Three dots (...) reconnecting to
the first phase when completing the cycle.
1) Information Lifecycle Management (ILM) [24]: creation
and receipt → distribution → use → Maintenance →
Disposition → ...

2) Hayden’s Data Lifecycle [25]: collection → Relevance →
classification → handling and storage → transmission and
transportation → manipulate → conversion and alteration →
release → backup → retention destruction → ...
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ontology) [30] is to give a conceptualization for smart building
domain. It can be used for several ends. Members of the
community of the domain can communicate and share
knowledge between them. It can also be used to develop an
intelligent system for a
Fig. 3. Onto-SB in Proteg´ e´ 5.

Fig. 2. Temporal context for saving energy in smart building (TempCSESB)
architecture.

ability to coordinate between reaction and long-term
planning approaches. The provided services energy saving
techniques from both approaches will be implemented in the
virtual temporal context of the smart building that simulates
the current real-time state of the smart building.
This temporal context will produce events and effects may
happen in the smart building after applying the decisions of
energy saving services. This strategy ensures the effectiveness
of services. iI the execution of energy saving services is not
adequate with the context of the smart building or it
produces bad occurs later, those services will not be applied
in real smart building and the process will be stoped in the
temporal context. Else if those services are good and lead to
good energy saving policy and adequate with smart building
context. TempCSESB contains five main modules are: smart
building virtual model, context-awareness reasoner, saving
energy techniques(reaction and long-term approaches), a
temporal context of the smart building, and checking model
to validate the reasoning face. Fig.2 presents the general
architecture of TempCSESB.
A. Ontology based smart building modeling
The first step toward developing the TempCSESB system is
modeling the smart building and its environment. Ontology is
one of the most famous and powerful tools to provide a
structural framework for organizing smart building
information. The objective of our Onto-SB (Smart Building
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different purpose: security, saving energy, health-surveillance
and so on. To conceptualize our ontology, we have used a
combination of the top-down and bottom-up approaches.
First, we have defined the more used concepts in the smart
building and its environment like human, Appliance, service,
network, place, time and more. Then we had generalized and
specialized them appropriately. After this step, we have
added for each concept its properties. Then we have created
logical relationships between those concepts. Finally, we have
got our ontology that we call Onto-SB ”Ontology for Smart
Building.” It contains several concepts such as Building,
Profile, environment, policy, appliance, service, energy
source, context-awareness, time, etc [30]. Onto-SB contains
209 class, 98 relations, and more than 225 property. To have
a machinereadable ontology, we use the Proteg´ e´ 5
ontology editor [17]. This editor allows representing the
ontology into different languages like OWL and RDF. Onto-SB
classes, properties, and relations are shown in Fig.3.
B. context-awarness reasoning
The context-awareness reasoning is an important part of
TempCSESB system that translates building data into context
awareness and provides adequate information. This
information is so valuable, it helps to understand the
environment and context inside smart building easier. This
module executes SWRL to complete missed contextual
information, and deduce new information using existing
contextual information. for example, detecting the activities
carried on by the user, like watching-TV activity. The rule
down bellow presents the activity detection rule of watchingTv in the Living Room.

Place(?x) ˆ LivingRoom(?x) ˆ Lights(?y) ˆ Devices_State(?y, ?stat1) ˆ
swrlb:equal(? stat1, "on") ˆ
DeviseLocateIn(?x,?y) ˆ Tv(?z) ˆ Devices_State
(?z, ?stat2) ˆ swrlb:equal(?stat2, "on") ˆ

turn it off. Reducing standby is another technique base to
detect the standby mode in appliances and turn them off.
This approach can be a more sophisticated approach consists
of taking into account information related to the user
presence, or in learning their behavior and activities. Another
type of techniques is long-term planning approaches

DeviseLocateIn(?x,?z)
ˆ MovingSensor(?k)
ˆ
Devices_State(?k
?stat3)
ˆ swrlb:equal(?
stat3,
" true " ) ˆ
DeviseLocateIn(?x,?k)
ˆ LocateIn(?x,?h)
ˆ
International Conference on Artificial Intelligence and InformationHuman(?h)
Technology,->ICA2IT'19
CurrentActivity(
" Watching - Tv "
)

C. Energy saving approaches

including activity scheduling and other planning approaches
to organizing human activities in order to minimize the
energy consumption based on some condition. This model is
responsible to coordinate between many types of algorithms
to make the reaction based approaches adequate with longterm planning policies for saving energy.
D.

temporal context model

Temporal context model, it is an important model in
TempCSESB system. The temporal context represents the
current smart building in the virtual model and then
implement the energy saving services provided by energy
saving techniques in the virtual temporal context. Then the
model will produce the events and results affected by those
services. This model will apply some other rules to simulate
the behaviors of the real smart building after applying

There are two main approachesto saving energy in the smart
building. Reaction approachesrepresentthe method who apply
energy saving decision directly after treating the current smart
building state to eliminate wast energy contexts. Our approach
uses a hybrid of both approaches. There are many techniques
to effect in environment throw changing the appliance start
or turn them off/on. Like the activity recognition approach
when the technique able to detect the activity carried out in
the smart building then can detect the unneeded devices to
services. This method will provide the ability to test the
services in temporal virtual phase before applying them in the
real smart building. This method ensures the efficiency of
energy saving services and ensures the good saving energy
policies in the future.
E.
checking phase the checking phase is the last step in
TempCSESB. This phase will filer the energy saving services
before applying them in the real smart building. If the result
of temporal context are adequate with saving energy policy
of smart building and it satisfies the inhabitance needs, do
not affect in the comfort and reducing the energy
consumption, they will pass to execution phase to be applied
in the real smart building. Else if not they will be stoped in the
end phase of ask to repeat the progress of TempCSESB
system again to check those services again.
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Fig. 4. TempCSESB working mechanism.

IV. TEMPCSESB WORKING MECHANISM

in this section, we present the TempCSESB working
mechanism. There is 26 step to satisfy the TempCSESB goals.
The process starts in step 1 when smart building appliances
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stat or environment parameters change. In step 2 the sensors
detect changing and send data to smart building ontology
model (step 3). In step 4 the smart building ontology will be
updated with new reviewed data from the old step. In step 5
the smart building ontology individuals sent to
contextawareness reasoning model to use this basic data to
deducing new knowledge to understanding better, based on
the available context’s data using inferring rules (step 6,7). In
step 6 also the context-awareness reasoning model sends
information to smart building databased to be saved. in step
8 after completing the understanding of the smart building.
The contextual information sent to energy saving techniques
model. This model will teat this current building state and
database information using the hybrid technique from both 2
approaches and provide services and decisions to eliminate
the wast energy contexts and satisfy inhabitants needs (step
9,10,11,12). The (13-18) step in the most important step in
our mechanism. The services/decisions provided by energy
saving techniques pass to temporal context to apply it in the
virtual model that simulates the real smart building state to
test the effect may be happening after applying those
services/decision in the real smart building. The saving energy
technique produces result and pass to checking phase
through step 19. The checking phase model checks if
decision/services are adequate with smart building for saving
energy and respect with energy saving policies of the smart
building. If not the model decide if this process ends in step
23 or resent it to step 6 to reprocess it again. if the checking
phase is positive will pass to step 24. This is the final step
when the appliances and actuators in smart building receive
the command to fix the environment parameters and satisfy
users needs we present the TempCSESB working mechanism
in figure 5.
V.

CONCLUSION

This article is the first step towards developing the
temporal context for saving energy in smart building
(TempCSESB) system. In this paper, we present the
TempCSESB system architecture and the TempCSESB working
mechanism. TempCSESB contains from five main models:
smart building virtual model, context-awareness reasoner
model, saving energy techniques model, temporal context
model and checking phase model. Those models work
together in order to ensure the best energy saving policy in
the smart building. This is a new hybrid technique using
reaction based approach and long-term planning approach
for saving energy in the smart building. The advantage of
TempCSESB is the ability to avoid the mistakes may happen
by energy saving services and maximize the inhabitance
comfort and lead to the best energy saving policy. In our
future work, we will develop the TempCSESB based on the

distributed multi-agent system to make TempCSESB faster
and did not affect the building energy management systems.
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Abstract— In this paper, we propose a new approach that
converts the class diagram operations to OWL ontology in
order to find the properties and the relationships between
operations, which were not previously apparent. This approach
is based on the detailed description of the class diagram as an
XMI file and the proposition of transformation rules to
automatically generate OWL ontology from UML class
diagram. We demonstrate the applicability of our approach
with an example.
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INTRODUCTION

The use of ontologies is important for many fast-growing
technologies. They allow a greater variety of structural and
non-structural relationships to concretely represent existing
concepts in a domain and the different relationships between
them. In the other side, UML is a modeling language
adopted by a large community in the conceptual modeling
framework, and has therefore benefited from a wealth of
experience and a wide range of dedicated tools [1] .
In this article, we propose an approach that extracts
ontology from the UML class diagrams. The resulting
ontology will help us to find the properties and the
relationships between operations which were not previously
apparent [1], aiming in the near future to identify services by
grouping operations representing a highly coherent set and
that are generally of the same nature and the same semantic
level . This approach is based on the detailed description of the
class diagram as an XMI file, which will be the input of our
system.
The rest of this article is organized as follows: In Section
II, we present some related works. In Section III, we
describe our approach that transforms the class diagram
operations to OWL ontology. In Section IV, we illustrate our
approach through an example. In Section V, we present
results and discussion. Finally, a conclusion and perspectives
for further research are presented in section VI.
II.

RELATED WORKS

There are many approaches in the literature on how to
transform the UML class diagrams to OWL ontology. In [1]
the authors propose an approach based on a Meta model for
UML class diagrams and a graphical grammar composed of
several rules enabling them to transform all that is modeled
in their generated environment AToM3 to an OWL ontology
stored in a file on the hard drive. The graphical grammar is
based on transformation rules; these rules are designed to

XXX-X-XXXX-XXXX-X/XX/$XX.00 ©20XX IEEE

Bounour Nora
LISCO Laboratory, Department of Computer Science
Badji-Mokhtar University
PB. 12, 23000, Annaba, ALGERIA
nora_bounour@yahoo.fr

transform the class diagram in the level of implementation,
always to obtain at the end a usable description of ontology.
The focus of this work was to Take advantage of the visual
expressivity of the notation language UML and the power of
ontologies so that the information described by those
diagrams can be shared and linked with other information
and they could start dealing with the overlaps, gaps, and
integration barriers between modeling languages and get
greater value out of the information capture. In [2] the
authors propose a UML conversion to OWL ontology, the
solution is based on the ontology UML profile (OUP) and
acts as an extension to the standard UML tools. The
objective of this work was to create complete OWL
ontologies without needing to use ontology-specialized
development tools. In [3], the authors propose an UML
transformation to DAML (DARPA Agent Markup
Language) aiming to identify the similarities and differences
between the two languages and discuss how they can be
mapped the one to the other. In [4], the author presented an
implementation of the ODM (Ontology Definition Meta
model) using the ATL language (Atlas Transformation
Language). The focus of this work was to provide a solution
for bridging UML or MOF (Meta Object Facility) based
modeling tools (e.g. MDA Tools) and tools for the
development of the semantic Web and ontology. In [5], the
authors propose a method that converts UML class diagrams
to an OWL ontology using the OWL / XML language
maintaining the semantic characteristics of the diagrams. In
[6], the authors propose a detailed comparison between UML
and OWL. Authors have aimed in this work to clarify the
relationship between the two technologies and provide a
solid basis for deciding how to use them together or integrate
them. In [7], the authors discuss approaches that focus on the
transformation domain models between UML and the
languages of the semantic web aiming to identify the
different ways in which they treat the conceptual differences
between these languages. In [8], the authors present an
automatic transformation of ontology OWL 2 from the ISO
19103 data model UML profile class diagrams. The
approach of the proposed conversion is based on the UML
profile class diagram transformation to ontology and
emphasizes the automatic transformation of UML geospatial
profile class diagrams to OWL ontology using XMI as
intermediate format for UML model. The focus of this work
was to identify differences between languages and the
incompatible language features.
In this paper, we propose another vision different from
that addressed in previous works. This vision is to propose
the transformation of UML class diagram to OWL Ontology
taking into account the transformation of operations. This
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transformation will help us later to identify services of our
information system and orient it towards a service-oriented
architecture.
III.

characteristics of the class diagram such as classes,
attributes, associations and cardinalities.

TABLE I.

PROPOSED APPROACH

After presenting in the state of the art some work on the
transformation of UML class diagram into OWL ontology,
we present in this section rules-based approach which
converts class diagram operations to OWL ontology. Our
approach is based on transformation rules; those rules try to
transform the class diagram, always in order to obtain at the
end a usable description of ontology. We will use as a tool the
ArgoUML which will help us automatically generate the
detailed description of the class diagram as an XMI file, the
latter will be the input of our system and the resulting
ontology is expressed in OWL / XML. Our choice is quickly
related to ArgoUML because of the advantages which it
presents like its simplicity, and its accessibility [9].
The transformation proceeds in several steps “fig. 1”:
1) Graphic description of class diagram in ArgoUML.
2) Generation of the detailed description of the class diagram
as an XMI file.
3) Import the XMI file to the application interface.
4) Apply the transformation rules on the XMI file and an OWL
file is generated automatically which contains the OWL
ontology.
5) Visualization and use of OWL ontology by using Protégé.

OPERATION PROPERTIES TRANSFORMATION

Visibility
This property can take the following values: public, private,
protected,package.
<owl:DatatypeProperty rdf:ID="OperationVisibility">
<rdfs:domain rdf:resource="#nameOperation"/>
<rdfs:range >
<owl:oneOf rdf:parseType="Collection">
<OperationVisibility rdf:about="#Public" />
<OperationVisibility rdf:about="#Private" />
<OperationVisibility rdf:about="#Protected" />
<OperationVisibility rdf:about="#Package" />
</rdfs:range >
</owl: DatatypeProperty >
Type
The types can be primitive type, or type that is defined in the model.
Property
This property can take the following values: is Query, is Abstract, is Static,
is Leaf and Concurrency.
</owl:DatatypeProperty rdf ID="OperationProperty">
<rdfs:domain rdf:resource="#nameOperation"/>
<rdfs:range >
<owl:oneOf rdf:parseType="Collection"/>
< OperationProperty rdf:about="#isQuery" />
< OperationProperty rdf:about="#isAbstract" />
< OperationProperty rdf:about="#isLeaf" />
< OperationProperty rdf:about="#isStatic" />
< OperationProperty rdf:about="#Concurrency"/>
</rdfs:range >
</owl: DatatypeProperty >
Implementation
This property can take the following values: Postconditions, Preconditions,
and Body Conditions.
<owl:DatatypeProperty rdf:ID="OperationImplementation">
<rdfs:domain rdf:resource="#nameOperation"/>
<rdfs:range >
<owl:oneOf rdf:parseType="Collection">
<OperationImplementation rdf:about="#Preconditions" />
< OperationImplementation rdf:about="#Postconditions" />
< OperationImplementation rdf:about="#BodyConditions" />
</rdfs:range >
</owl: DatatypeProperty >
Direction Argument

Fig. 1. Transformation sequence

Our approach allows modeling with ontologies the
properties of operation [10] such as : Visibility, Type,
Properties, Implementation, DirectionArgument and
TypeArgument a view in the near future to also model the
operation body using ontologies.
A. Transformation Rules
Our approach is realized depending on proposed
transformation rules “Table. 1”. We suggest a set of rules
especially for operations properties and arguments of a class
diagram while preserving the semantics of some specific
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This property can take three directions: in, out, inOut.
< owl:DatatypeProperty rdf:ID="DirectionArgument">
<rdfs:domain rdf:resource="#Argument"/>
<rdfs:range >
<owl:oneOf rdf:parseType="Collection">
<DirectionArgument rdf:about="#in" />
< DirectionArgument rdf:about="#out" />
< DirectionArgument rdf:about="#inOut" />
</rdfs:range >
</owl: DatatypeProperty >
TypeArgument
This property can have a primitive type or a type defined in the model.

The following lines of code present the operations
conversion algorithm:
//** Creation of classes
Create Class “NameClass”
Create Class “Operation” sub-class of “NameClass”

Create Class “NameOperation” sub-class of “Operation”
Create Class “Argument” sub-class of “NameOperation”
//** Creation of DatatypeProperties
Create DatatypeProperty “OperationVisibility”
Create DatatypeProperty "private","protected","public", "package"
sub-property of "OperationVisibility"
Create DatatypeProperty “typeOperation”
Create DatatypeProperty “OperationProperty”
Create DatatypeProperty "isQuery",
"isAbstract", "isLeaf", "isStatic",
"concurrency" sub-property of
"OperationProperty"
Create DatatypeProperty "sequential",
"garded", "concurrent",
sub-property of "concurrency"
Create DatatypeProperty
“OperationImplementation”
Create DatatypeProperty
"Preconditions","Postconditions",
"BodyConditions "sub-property of
"OperationImplementation"
Create DatatypeProperty “DirectionArgument”
Create DatatypeProperty "in", "out", "inOut"
sub-property of "DirectionArgument"
Create DatatypeProperty “TypeArgument”
//** Creating instances
FOR EACH Class do
Create Class “NameClass”
FOR EACH Operation do
Create Class “NameOperation” Sub-ClassOf “Operation”
Create DatatypeProperty “hasVisibility”
With domaine “NameOperation”
With range “GetValue (OperationVisibility)”
Create DatatypeProperty “hasType”
With domaine “NameOperation”
With range “GetType (TypeOperation)”
Create DatatypeProperty “hasProperty”
With domaine “NameOperation”
With range “GetValue (OperationProperty)”
Create DatatypeProperty “hasImplementation”
With domaine “NameOperation”
With range “GetValue (OperationImplementation)”
FOR EACH Argument A do
Create DatatypeProperty “hasDirection”
With domaine “Argument”
With range “GetValue (DirectionArgument)”
Create DatatypeProperty “hasType”
With domaine “Argument”
With range “GetType (TypeArgument)”.

IV. CASE STUDY:
We consider the following case study:

Fig. 3. The generated XMI file of the class diagram

Fig. 4. The generated OWL file of the conversion

In order to test the semantic coherence of our resulting
ontology, we loaded it under Protegé, and using the
OntoGraf plugin we got the following form “Fig.5”.

Fig. 2. Example of a class diagram [11]

The generated XMI file “Fig.3” is the input of our
system which will analyze it using the previous algorithm
and generating an output OWL file contains the resulting
ontology of the conversion “Fig.4”.

Fig. 5. The OntoGraf diagram of the resulting ontology
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V.



RESULTS AND DISCUSSION

Despite the differences between OWL ontology
language and UML, automatic transformation is feasible,
and gives satisfactory results.
To show the utility of our approach, we take as example
the operation "openAccount". The following lines of code
illustrates the values of the data type properties described
previously which proves that the resulting ontology allows
us to extract and find properties of operations which were
not previously apparent in the class diagram :

The main difference between the approach presented in
this paper and similar work is the transformation of class
diagram operations to ontology. This transformation takes
into account the different properties of operation as
previously mentioned.
VI.
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CONCLUSION

Currently ontologies represent a promising solution for
the representation and knowledge sharing. It is in this
context that the scope of our work lies in order to integrate a
new vision of formal representation and knowledge sharing.
In this paper, we proposed rules-based approach which
extracts ontology from UML class diagram. The resulting
ontology will help us to find the properties and the
relationships between operations which were not previously
apparent. The input of our system is an XMl file which
contains the detailed description of the class diagram and we
obtain as result an OWL file of the resulting ontology.
Enjoying the benefits of ontologies, aiming in the near
future to:
 Enrich the resulting ontology from other UML
diagram.
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Grouping operations representing a highly
coherent set and that are generally of the same
nature and the same semantic level in order to
identify services.
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Abstract—The purpose of the present study is focused at
investigating the application of a multilayer perception neural network to estimate permeability in non-cored intervals using
this technique which is performed on the reservoir of Trias
Argileux Grèseux Inférieur in Sif Fatima oil field. To ensure
robustness of models, the following well logging data has been
used for their developing: density, sonic, resistivity, porosity,
gamma ray, porosity neutron, water saturation. The
performance of models was evaluated using Root Mean Square
Error, Mean Absolute Error and correlation coefficient. The
application of model allows recovering permeability in 151.63
m of six (6) non-cored wells. Missing permeability have been
restored and validated with a good performance. This
approach has a significant economic benefit allowing the gain
of the time, the money and the energy compared to laboratory
determination.
Keywords— permeability, predicting, Artificial Neural
Network, logging data, performances, Berkine, Algeria.

I.

INTRODUCTION

Permeability is a key parameter in oil reservoirs or
aquifers, this last is usually estimate from core samples, but
sometimes, due geological and technical problems,
geologists are not able to recovery of some samples from
reservoirs during coring operation and therefore, looking a
method with high performance to estimate permeability in
these non-sampled intervals is a real challenge. Estimating
permeability from well log information in non-cored
borehole intervals is a difficult task that encountered in many
earth science disciplines.

many authors [1-10]. In this paper, a three layer back
propagation network with Levenberg-Marquardt activation
algorithm is developed to predict permeability in non-cored
facies where the transfer functions in hidden and output layer
are sigmoid and linear. The second method is an empirical
that based on the mathematic equations.
I.

Permeability is one of pertrophysical parameters and it
reflects the ability of rocks to transmit fluids when under
potential energy gradient.
There are three generally reliable ways of acquiring
knowledge on rock permeability which are: (1) direct
measurements of rock sample (cores); (2) Empirical models
that relate permeability to parameters calculated from well
logs such as porosity and water saturation (3) By using a
combination of soft computing techniques and mathematical
association [9].
This property is expressed numerically by Darcy’s law:
Q

K * A p
µ L

(1)

Q: Flow of the liquid crossing the rock (cm3/s).
A: Surface (cm2).
µ: Viscosity of liquid in centpoises (CP).
∆p: Pressure in atmosphere (atm).
L: Length of sample (cm).
P1

The objective of this study is focused on estimating of
this parameter in the non-cored intervals in 05 wells from an
heterogeneous reservoir; Trias Argileux Grèseux Inférieur
(TAGI), located in the oilfield of Sif Fatima (Berkine basin Southern of Algeria). Two methods have been used for this
purpose: the Artificial Neural Networks (ANN), and an
empirical method (Wyllie-Rose).
The first method is very popular and widely accepted in
the petroleum industry and it is based on the theory of
artificial neural network. This method has been discussed by

MATERIAL AND METHODS

Flow

∆p

P2

Q

L
Fig 1. Schematic diagram showing Darcy' law [3].

A.

Well logging

A well logging is a continuous recording of parameter
variations that are given according to the depth. Tools or
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probes conceived to this measurements are descended in the
borehole at the end of the well using a cable which ensures
the connection with the surface instruments controlling the
operations, and grouped either in a truck (on- shore), or in a
fixed cabin (off-shore). Measurements are performed in
open hole logging (at the end of drilling operations) [12].
The following parameters are used in this study:
1.

Log Resistivity

The log resistivity is a measurement of the electric
resistance of a cubic unite of this rock (the unite of this
parameter is the hommeter (Ωm)) [11].
2. Gamma Ray (GR)
The Gamma Ray log is a measurement of the natural
radioactivity in drilled formation; his emission is produced
by three radioactive series found in the Earth's crust,
Potassium, Uranium and Thorium [13].
3. Log Neutron porosity
This log is use the measurement of hydrogen (H) index.
The objective of this logging is to evaluate hydrocarbon
density and the porosity of reservoir rocks [14].

Table 1. Table illustrates the log data in the intervals of measured and
missing permeability.
DEPTH
3114.9036
3115.0560
3115.2084
3115.3608
3115.5132
3115.6656
3115.8180
3115.9704
3116.1228
3116.2752
3116.4276
3116.5800
3116.7324
3116.8848
3117.0372
3117.1896
3117.3420
3117.4944
3117.6468

HCAL
6.1086
6.1086
6.0862
6.0862
6.0862
6.0862
6.1086
6.0862
6.1310
6.1758
6.1086
6.1086
6.0974
6.1534
6.1310
6.1086
6.0862
6.0638
6.0862

6. Water saturation (Sw)
The water saturation (Sw) is calculated by the following
equation [3]:
SW 

Vw
Vp

TNPHCC
0.2380
0.2568
0.2501
0.2240
0.2112
0.2174
0.2462
0.2918
0.3453
0.3565
0.3468
0.3190
0.3265
0.3361
0.3538
0.3814
0.3686
0.3262
0.3093

DTCC
81.0338
80.9494
80.6691
79.5777
79.2524
81.2512
83.7449
86.8819
89.2035
91.7905
93.0665
93.0370
93.3286
93.8799
92.9204
90.7384
89.3533
87.7911
85.1298

RHOCC
2.5177
2.5368
2.5425
2.5316
2.5364
2.5369
2.5403
2.5202
2.5110
2.5117
2.5458
2.5633
2.5630
2.5459
2.5422
2.5597
2.5730
2.5812
2.5651

AHO10CC
1.8266
2.0817
2.5234
3.0842
2.9081
2.3683
1.8444
1.8658
2.0361
1.5989
1.1099
0.9832
1.0255
1.0884
1.2639
1.5289
1.9539
2.2994
2.3781

AHO90CC
1.9601
2.1358
2.4918
3.0296
2.8229
2.3370
1.9190
1.8808
2.1193
1.6020
1.2130
1.0013
1.0147
1.1275
1.2934
1.4808
1.7793
2.0920
2.2689

GRCC
117.3430
135.9050
137.1370
135.9510
126.9710
123.6930
132.3340
131.7920
140.3050
136.1660
143.6300
144.0460
144.8670
138.6330
141.1050
137.2300
139.5270
141.1740
142.6220

CGRCC
93.9445
108.0130
106.4220
105.1230
97.3695
98.9838
102.3960
115.0940
116.8250
115.9850
117.5290
112.4910
113.3950
113.0890
111.7900
112.7860
111.6120
111.8370
109.5570

POTACC
4.2666
4.7757
4.7349
4.6832
4.3182
4.3801
4.5031
5.5424
5.5926
5.5551
5.6377
5.3390
5.3744
5.3288
5.2591
5.2796
5.2433
5.2527
5.1526

THORCC
7.8065
9.5165
9.3007
9.1617
8.5678
8.7504
9.1228
8.3010
8.4595
8.2844
8.5153
8.3879
8.5124
8.4931
8.4805
8.7161
8.5973
8.6697
8.4147

Perm core
16.7487
13.4725
19.0832
13.4725
-999.0000
15.5424
13.1193
-999.0000
17.2489
-999.0000
-999.0000
-999.0000
-999.0000
17.4157
-999.0000
17.6903
17.1018
-999.0000
17.1018

1. Model of Artificial Neural Networks
To make a model of Artificial Neural Network, It is
necessary to define three important parameters which are the
input layer and the output layer related by hidden layer and
in each layer with a number of neural (Fig. 2).
According to the performance parameters which are
represented in this investigation by RMSE, CC:
RMSE 
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5. Log density (RHOB)
Measuring the number of gamma rays and their energy
levels in a given distance from the source, the electron
density (RHOB) of the formation can be predicted. It is
known as litho-density tool. In addition to the measuring of
bulk density, it measures also the photoelectric factor (Pe)
which is an indicator of formation lithology [13].

SW
0.5578
1.0000
1.0000
0.4928
0.5586
0.5782
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

The value of (-999.0000) illustrated in the table presents
the value of missing data of permeability, which represents
the objective of this study, to its estimation by the ANN and
Wyllie-Rose.

4. Log Sonic
The sonic log is based on the study of the propagation of
acoustic waves in reservoir rocks. It used to identify rock
proporeties [15].

PHIE
0.0957
0.0316
0.0339
0.0855
0.0756
0.0818
0.0383
0.0145
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

Yiob: observed permeability;
Yisim: predicted permeability

Among all experimental data available for each ANN
structure, 70 % of data was used for training, 15 % for
validation and the remaining 15 % for testing the ANN, The
ANN structures were developed using a combination of soft
computing techniques and mathematical association of
varying physical parameters.

(2)

Sw: Water Saturation;
Vw: Water volume;
Vp: Pores volume.

And: Sw+ Sg + So = 1

(3)

Sg: Gas Saturation;
So: Oil saturation.

B. Preparation of data base
The reference datasets used for the development and
implementation of the ANN were obtained from well in the
intervals which have present permeability measured on the
core. The matrix with the missing data is performed (Table.
1) [10].

Fig 2. Structure of Artificial Neural Network used to estimate
permeability.

2.

Empirical model (Wyllie-Rose)

The model of Wyllie-Rose is one of empirical methods
which, is based on the mathematic equations (6) included in
Techlog software that need the input logs (porosity and
irreducible water saturation).

82

PERM 

PHI d
SW e

(6)

Where,
Perm: Permeability by mill-Darcy (mD)
Kw, d, e: are Timur’s Constants;
d = 4.4; e = 2;
Kw = 3400 (oil) and Kw = 340 (gas).
C. Software
1. Techlog

According to performance parameters, the structure
(7-9-1) (see Fig. 2) is the best one after a lot of attempts that
used to predict the permeability in the messing parts of core.
the perfermance parameters between
measured
permabilities in cores and those predicted by ANN’s model
are perfect : RMSE is very low (RMSE = 0.01859) and the
correlation coeficient is near to 1 (CC = 0.8524) (Table 2).
In addition, The figure 4 illustrate the tow graphs of
measured permeability and the estimated which are very
closes indicating the high performance of model.

Techlog software is an industry leading wellbore
software
platform
that
provides
petrophysicists,
geoscientists and engineers with a fully integrated,
interactive, easy to use analysis tool for interpretation of all
wellbore data types (e.g. core, logs, images, photos…).
Using Techlog, these different disciplines can collaborate
effectively by accessing and incorporating the same data
into the workflows; thus fully capitalizing on previous data
investments [16]. Software manipulations were performed
during our training in industrial companies (SH and Berkine
Groupement).

Table 2. Performances parameters of ANN’s model in NM3.

Performance parameters
CC
RMSE

0.8524
0.0185

II. RESULTS AND DISCUSSION
A. Permeability predicted by ANN
In following figure, the NM3 which is a production well
in the field of Sif Fatima is used to predict permeability

In put (log data)

Out put (Permeability
predicted )

Fig. 4.Graph comparison between permeability peredicted by ANN and
measured in core.

A. Permeability predicted by Wyllie-Rose method
This method is one of empirical methods to predict
permeability by using logs (porosity and irreducible water
saturation).

Fig 3.Result of permeability predicted by ANN in NM3.

As shown in the Figure 3, the predicted permeability is
represented by a green curve inside a yellow curve within
the interval of confidence of the Artificial Neural Network
result. This last is controlled by a reference which is core
permeability i.e., the permeability measured in the core, (see
Fig. 3) with a red points in the interval of confidence. Note
that the most of red points are inside this interval indicating
that permeability predicted by ANN is acceptable because it
is near to the reference regarding core permeability.
In the last column, the curve that colors can change
between red and blue calls quality curve and it shows the
degree of error in ANN model. When the color is bleu, the
ANN model is considered as optimal and therefore the
predicted permeability in the missing intervals is acceptable.

A

B

Fig 5. The permeability predicted by Wyllie-Rose in NM3.

(A) Curve of Porosity Neutron (input) fraction Scale between 0
and 0.3.
(B) Curve of permeability predicted by Wyllie-Rose (out put),
scale between 0.01 and 10000 milli Darcy).
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Table. 3. Correlation between core permeability and Wyllie-Rose’s
permeability in Well NM3.

Permeability)
CC

[7]

Well NM3
Core

Wyllie-Rose
0.59

The value of CC between core permeability and estimate
permeability by Wyllie-Rose CC=0.59 is lower than CC in
Artificial Neural Network (CC=0.8524), that indicates a
variation, because in Wyllie-Rose we predict permeability
after one attempt.
The comparison between the method of Artificial Neural
Networks and the method of Wyllie-Rose indicates that the
first method is more validated than the second one.

[8]

[9]

[10]

VI. CONCLUSION
This study investigates the use of two different methods
to predict the missing permeability. Based on obtained
results of performance, the best method used to solve this
problem is ANN with architecture of (7-9-1) composed of
seven neurons in input layer (log data), nine neurons in the
hidden layer and one neural in the output layer which is the
objective (predicted permeability). The use of this model
allows estimating an interval of 151.63 (m) in 5 wells. ANN
results are compared with those obtained from Wyllie-Rose
method which is a traditional mathematical formula. It
concludes that the predictions obtained from the optimized
ANN structures that tested with linear and non-linear
regression models to evaluate their performance, show that
ANN models are significantly better than the Wyllie-Rose
method. The Artificial Neural Networks are more validated
and optimal than Wyllie-Rose method on a one hand and
less expensive than coring operation on other one hand.
This method is highly recommended for predicting the
permeability of the other reservoirs in the south Algeria.
Indeed, receiving meaningful results from other reservoirs
using well log data can further prove the ability of MLPN,
in prediction of petrophysical parameters using deep
learning [17].
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Abstract— In this paper we propose a genetic based
recommender system. Our goal is to predict relevant items
(films) from a huge space of data based on users ratings. We
use MovieLens data set (which contains data on ratings made
by users about films) to validate our approach. Our idea
consists on finding for an active user, the most similar group of
users using genetic algorithms. After that, we recommend
items (films) based on prediction of the appreciation that the
active user can give for each one. Several metrics have been
used to prove the efficiency of our approach such Mean
Absolute Error, precision and recall.
Keywords—Recommender
Algorithm;Similarity
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System;
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INTRODUCTION

Recently, recommender systems have led to a revolution
in all areas: e-commerce [5], e-learning [6], entertainment
[8], etc. Indeed, the large amount of data available on the
web makes the choice of items (product, film, book, etc.)
difficult for the user. On the other hand, companies are trying
to increase their profits by proposing items deemed relevant
to users. Recommendation systems seek to satisfy users by
offering them items that are supposed to be interesting for
them, using techniques such as content-based filtering [7],
demographic filtering [4] and collaborative filtering [9]. The
first type recommends items to an active user based on his
history. It uses items preffered in the past to find new ones.
The second filtering, uses information like sexe, age , etc in
recommendation process. The last filterting uses similarity
between users to recommend items. It is also possible to
hybrid these techniques to exploit the advantage of each one.

II.

PROPOSITION

A. Genetic Algorithm and similar users
First, A recommender system should be able to provide
users with useful information on items that may be of interest
to them. In this section, we present an innovative
recommendation system that combines collaborative filtering
technique and genetic algorithms. Genetic algorithms are
based on the principles of evolution. An initial population of
individuals could be generated randomly. Each individual
represents a possible solution for a given problem. To
evaluate the individual quality a fitness function should be
defined. Genetic operators (crossover and mutation) could be
used to generate new individuals from current ones. A new
population is generated using selection operator until
achieving the best fitness or exceeding a maximum iteration
number.
Fig. 1. Population, individual and gene

Several researchers have proposed to use genetic
algorithms in recommender systems [3]. However, most of
them tried to find the optimal similarity metric or to propose
a new one [2]. In both cases, proposed works require training
and testing data to compute and test similarity between users.

As shown in the figure above, A population could be
composed of n individuals Ii, each one represents a group of
possible similar user Ui. To measure the similarity between
users, several similarity metrics have been proposed such:
Pearson Correlation [1], Cosine, etc.

We propose in this paper to use genetic algorithm and
collaborative filtering to recommend items. Our idea consists
on finding for an active user, the most similar group of users.
After that, we apply a collaborative filtering to find relevant
items. We believe that the first step can be seen as an NPcomplete global optimization problem. We used genetic
algorithm, to provide a near-optimal solution in reasonable
time.

To measure the fitness of a given solution (individual), we
used the following function:

The rest of this paper is organized as follow: the next
section shows our details of our proposition; next
experimental results will be presented in section 3. Then we
conclude in the last section.

We applied one-point crossover and single point mutation
techniques to generate new individuals. The crossover
operator generates a new individual from one or two parent
depending on a rate of crossover which is the probability of
performing a crossover. We choose one part from each
parent. The mutation operator updates on user from the users
of the individual depending on mutation rate.

fitness(Ii) = SUM( PC(U*, Ui)) / G
(1)
where: Ii : Individual i, PC: Pearson Correlation, U*: the
active user, Ui: User i in the individual, G : the number of
users in the individual.
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The selection step aims to maintain the most adapted
individuals. For this reason, we used biased roulette to
perform it.

1,5
1
Precision

B. Collaborative filtering and recommendation
The recommendation consists on estimating (predicting)
the rating that the active user can attribute to each of the
films to be recommended. This prediction is done by
averaging the ratings assigned by similar users. Then we
recommend the films considered relevant by setting a
threshold.
Fig. 2. Recommendation

Recall

0
1 4 7 10 13 16 19 22 25 28

The results we have obtained are encouraging and reflect
the effectiveness of the proposed approach. Indeed the choice
of the near optimal group of the most similar users ensures
an acceptable error. On the other hand, we note that accuracy
and recall are also considerable, despite the fact that the user
group chosen contains less similar users, since we used an
average of similarities. This last point gives the system a
chance to recommend items that are appreciated by less
similar users. This gives a diversification of recommended
items.

To recommend relevant items, we have two steps. The
first one is the composition of items based on the group of
similar users we have obtained by the genetic algorithm. The
second step is the filtering of these items, based on the
prediction rating for each one.
III.

0,5

EXPERIMENTAL RESULTS

In this section we present results we have obtained after
the implementation of the proposed approach. We used the
most popular dataset in the domain of recommendation
which is MovieLens dataset. It contains 100.000 ratings
(each rating is between 1 and 5) made by 943 users about
1682 films. We have used UMAE metric to measure the
efficiency of our approach. We present below results
obtained by running our genetic recommender system 30
times.

IV.

CONCLUSION

In this paper we presented a genetic algorithm approach
for recommendation. It consists on finding for an active user,
most similar users using Pearson Correlation. The group of
similar users represents the source of recommendation which
uses a prediction processing that help the system to find
relevant items. MovieLens dataset have used as case study,
and we also used metrics such as (Mean Absolute Error)
MAE, (User Mean Absolute Error) UMAE, recall and
precision to prove the efficiency of the proposed approach.
First results seem to be interesting, and encourage us to
improve this work by studying more datasets and more
similarity metrics.
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Abstract— To overcome the limitation of some of the
metaheuristic optimization algorithm engineer tries to
developed new algorithm or modified the older one by making
combination between metaheuristic algorithm that are already
exist this process is called hybridization and it’s become an
important tool to solve many real-life optimization applications
in the industry.
This paper proposes a hybrid algorithm based on the
combination between differential evolution algorithm and
particle swarm optimization algorithm .the algorithm was
tested on well knowing mechanical benchmark and the results
are compared to other optimization algorithm from literature.
Keywords— differential evolution; particle swarm;
Hybridization; Mechanical system; meta-heuristic

I. INTRODUCTION
Engineering is a profession whereby principles of nature
are applied to build useful objects. The design of industrial
component is often dependent on the parameter of the
design itself. A well designed system demands the choice of
parameters on which its design is based. To solve real life
problems engineer tend to use numerical methods called
optimization approach such as evolution algorithm and
swarm intelligence.
Both algorithm are widely used in multiple problems and
they show a big efficacy for solve constrained and
unconstrained problem. Despite of their advantage these
algorithms have limitation in certain problem. In order to
improve their performance a number of modifications have
been suggested in literature, one of them being the
hybridization of the two algorithms. Hybridization is a trend
observed in many studies on meta-heuristics. It allows
taking advantage of the cumulative advantages of different
meta-heuristics. Some hybrid versions of DE and PSO
include Swagatam Das et al. [1] proposed a hybridization of
PSO and DE for continuous optimization problems.
Xiaoping [2] introduced an algorithm by making balance
between DE and PSO parameters where the population was
generated either by DE or PSO according to the algorithms
parameters. José Garcia [3] proposed to use the scheme
employed in DE as a mechanism to adjust the velocity of
particles in PSO algorithm.
One of the most well known benchmark in mechanics is the
design of welded beam problem for minimum cost. Many
researchers have been done on this problem Ragsdell and
Phillips in [4] have presented optimal design parameters for
a class of welded beam structures using Geometric
programming approach and compared their results with
those produced by the methods contained in a software
package called Opti-Sep. This problem was also solved by
Deb [5] using a simple genetic algorithm with binary
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Setif, Algeria
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representation, and a traditional penalty function. Carlos A.
Coello Coello [6] have introduced a new GA-based
technique that uses coevolution to adjust automatically the
weight factors of a penalty function to find optimum
solution of welded beam design their result showed better
solution compared to [4] and [5]. A differential evolution
approach based on a co-evolution mechanism, named CDE,
is proposed by Fu-zhuo Huang, Ling Wang and Qie He [7]
to solve the welded beam design problem using a special
penalty function to handle the constraints. Qie He,
Ling Wang [8] have presented a novel constraint-handling
technique
called
co-evolutionary
particle
swarm
optimization CPSO based on incorporating a co-evolution
model into PSO in which a part of the swarm are used for
evolving suitable penalty factors. Tapabrata Ray and K. M.
Liew [9] have introduced an optimization algorithm that is
based on a society and civilization model and used a novel
no dominance scheme to handle constraint. In order to solve
numerical optimization problems R M Rizkallah [10]
applied a new algorithm called SCA-OPI which include a
sine–cosine algorithm (SCA) integrated with orthogonal
parallel information the algorithm some engineering
applications. This paper presented the Hybridization of
differential evolution and particle swarm optimization
algorithm, called DEPSO, the new algorithm is applied on a
well knowing design and the results were compared to other
algorithm taking from literature.
II. BASIC OF DEPSO ALGORITHM
A. Differentiel Evolution
DE algorithm is a stochastic optimization method
minimizing an objective function that can model the
problem’s objectives while incorporating constraints. As an
advanced computing technique, differential evolution was
first proposed by Price and Storn in 1995.This technique
includes three important operations: mutation, crossover and
selection, and it utilize the three operators to evolve from
randomly generated initial population to final individual
solution. Mutation and crossover are used to generate new
vectors (trial vectors), and selection is then used to
determine whether the new generated vectors can survive
the next generation .The algorithm mainly has three
advantages; finding the true global minimum regardless of
the initial parameter values, fast convergence, and using a
few control parameters Being simple, fast, easy to use, very
easily adaptable for integer and discrete optimization, quite
effective in nonlinear constraint optimization including
penalty functions and useful for optimizing multi-modal
search spaces are the other important features of DE.[11,12]
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B. Particle swarm optimization
Particle Swarm Optimization (PSO) is a nature inspired
metaheuristic method. This method was first introduced by
Kennedy and Eberhart in 1995 [13] .it incorporates
swarming behaviors observed in flocks of birds, schools of
fish, or swarms of bees, and even human social behavior,
from which the idea is emerged. PSO is a population-based
optimization tool, which could be implemented and applied
easily to solve various function optimization problems, or he
problems that can be transformed to function optimization
problems. As an algorithm, the main strength of PSO is its
fast convergence, which compares favorably with many
global optimization algorithms [14].
C. DEPSO
Despite the big advantages of differential evolution and
PSO algorithms in many domains, each of these algorithms
has its own weak point, to overcome these shortcomings
new variations must be made on the algorithm. The DEPSO
algorithm combine the ability to maintain the diversity of
population and to explore the search space from DE
algorithm and the mechanism to memory the previous steps
and to use global information about the search space from
PSO.This hybridization decreases the probabilities to trap in
local optimum and increase the speed convergence of the
algorithm.
The pseudo code of the Hybrid DE and PSO (DEPSO)
Algorithm is:
Input: the initial values of control parameters: NP, Gmax,
Var, Cr and F.
Step1: / / Initialization
For i =1 to NP population size do
Generate an initial population Xij
Evaluate the initial population using penalty function to
handle constraints
Step2: // Generation Loop
For g=1 to Gmax do
For j=1 to Var (dimension) do
Generate the trial vector // r1, r2, r3 are Selected randomly
such us that r1  r2  r3
Select j rand  Var
If (rand () < CR or j = jrand) // rand () denotes a uniformly
distributed random
number between 0 and 1//

In the DEPSO algorithm the PSO mechanism is integrated
in the DE in the phase of selection and it activate only when
the solution found by DE algorithm didn’t satisfy the
condition. The algorithm has only few control parameters
and it is simple, fast, and easy to use.
III. BENCHMARK PROBLEM AND RESULTS
A. Experimental settings
Like the other métaheuristic algorithm the DEPSO has a few
control parameter to adjust, the population size NP and the
maximum number of generations allowed for each
algorithm Gmax presented in TABLE 1, are the input
parameters for the DEPSO algorithm .
TABLE I.

INPUT PARAMETER FOR THE DEPSO ALGORITHM

Input paramètres

Population size

Gmax

DE
PSO

50
30

500
500

In this section a mechanical constrained design benchmark
optimization problem from the literature is used to test the
performance of DEPSO algorithm .Many papers were
published to solve this problem using different other
optimization algorithm .now the DEPSO algorithm is
applied to the same problem and comparisons are made .one
of the major problem of constrained problem is how to deal
with violation of constraint. Deb’s heuristic constraint
handling method (Deb’s 2000) based on penalty function is
used in this problem. The details on the design benchmark
problem are given in the following section.
B. Design of Welded Beam
The objective is to design a welded beam for minimum cost.
There are four design variables height of weld (h), length of
weld (L), height of beam (t) and width of beam (b) as shown
in Fig.1. Design vector can be defined as x=(x1, x2, x3, x4).
Design is subjected to the constraints on shear stress (s),
bending stress in the beam (r), buckling load on the bar (P c),
end deflection of the beam (d) and side constraints. This
problem is solved by many researchers by using different
optimization methods [15].
The problem can be stated as follows:

Else
End if
Evaluate the trial vector using penalty function to handle
constraints
If

<

then

Else
PSO activated
Find a new particle using PSO mechanism
End if
End for
End for.
Output: the best individual with the smallest objective
function value in the population

Fig.1. a 3D view of the welded beam, b 2D view of the welded beam, c
displacement heat map, d stress heat map [16].
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Subject to:


Where:

Fig.2. Evolution of best mean results obtained by DEPSO for welded beam
design



The solution given by DEPSO algorithm for the
proposed problem of welded beam design show better
results than other algorithm in term of quality of final
solution and the simulation results of the best solution show
that the algorithm can achieve the optimal solution for the
given problem.



V. CONCLUSION
In this paper hybrid algorithm called DEPSO is proposed
which combines DE and PSO mechanism and
its performance is validated on benchmark from real life
problems. Numerical results show that DE-PSO
outperformed other optimization algorithm and it is more
effective in obtaining better solution.
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Abstract—The Multi-Objective Minimum Spanning Tree problem (M OST ) has been shown to be N P -hard even with two
criteria. In this study we propose a hybrid GA-VNS algorithm
that exploits the advantages of both ”Non-dominated Sorting
Genetic Algorithm” (NSGA-II) and ”Variable Neighborhood
Search” (VNS) metaheuristics to find as good an approximation
as possible to the Pareto front of M OST problem. Experimental
studies provide the efficiency of the method which produces
solutions as close as possible to the Pareto optimal front.
Index Terms—Minimum spanning tree, Multiple objective
linear optimization, Combinatorial optimization, Non-Sorting
Genetic Algorithm, Variable Neighborhood Search.

I NTRODUCTION
The purpose of multi-objective optimization problems is to
find the best solutions with regard to multiple and often conflicting objectives. The Multi-Objective Minimum Spanning
Tree (M OST ) is an important example of such problems
and arises in many systems such as communication networks,
electric power systems, and drain systems. This problem is
well-known to be NP-hard [2], [6], therefore when the number
of edges of the given graph is large, exact algorithms to solve
M OST problem are slow to converge and become impractical
that is why approximate methods have been successfully used
to produce solutions as close as possible to the Pareto optimal
front.
The main objective of this paper is to provide a method to
deal with M OST problem able to generate a good approximation of the Pareto front. Based on an hybridization between
NSGA-II [4] and VNS [7], the GA-VNS algorithm (Genetic
Algorithm-Variable Neighborhood Search) adopts novel two
point crossover operator and a local search heuristic as a
mutation operator. Then, the based VNS algorithm is called
to improve the best front obtained by NSGA-II. Through the
computational studies, it seems that the proposed GA-VNS
algorithm does not have the limitations of previous algorithms
because of its speed, its scalability to solve M OST problem
considering complete graphs with more than 200 nodes, and its
ability to find both the supported and non-supported solutions.

I. P RELIMINARIES
Given a connected and undirected simple graph
G = (V, E) of order n, where V = {v1 , v2 , . . . , vn }
is a set of vertices and E = {e1 , e2 , . . . , em } is a set
of edges and each edge ei ∈ E, i = 1, m, is valued
by a cost-vector Cei = (Cik ), k = 1, r, r ≥ 2. Let
T ⊂ E a spanning tree
P of G, the cost-vector of T is
given by Ck (T ) =
k = 1, r. We note
ei ∈T Cik ,
C(T ) = (Ck (T ))k=1,r .
We say that vector C(T ) dominates another vector C(T 0 )
if Ck (T ) ≤ Ck (T 0 ) ∀k = 1, r and Ck (T ) < Ck (T 0 ) for at
least one index k ∈ {1, ..., r}. A spanning tree T of G is
efficient if there is no spanning tree T 0 of G such that C(T 0 )
dominates C(T ).
The set of all Pareto optimal spanning trees is called the
efficient set and the set of non-dominated trees is called the
Pareto front.
II. GA-VNS ALGORITHM DESCRIPTION
One of the main reasons why population based metaheuristics (Genetic Algorithms, Swarm Optimozation, etc.) are
more used than trajectory based metaheuristics (VNS, Tabu
Search, etc.) in the multi-objective optimization is because
the former uses a set of solutions while the later traditionally
uses only one solution. We propose to overcome this situation
by considering the approximate Pareto front found during the
search process by NSGA-II as the incumbent solution to a
multi-objective minimum spanning tree problem for the VNS
metaheuristic.
A. Procedure: Encoding
Initially the edges of the graph G = (V, E) having n
vertices and m edges, are numbered. The direct encoding of a
chromosome (corresponding to a spanning tree) is a set of n−1
dimension, wherein each element represents the associated
number of an edge. In the article [8] the authors point out that
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the direct encoding is better and more efficient than Purferbased encoding, contrary to what Zhou et al. showed in their
paper [9]. We note E(T ) the set of the edges representing a
spanning tree T .

e, this last one is replaced by any edge chosen randomly from
the chain Γ provided that his cost-vector is not dominated by
the one of the edge e. Doing this, a new spanning tree T 2 is
generated.

B. Procedure: Generation of the initial population

E. Selection operator

The first population of size p of spanning trees is generated
using:
1- the optimal spanning trees corresponding to each criterion,
2- random generation with aggregation of criteria,
3- applying Kruskal’s algorithm by randomly selecting edges
of graph G.

The selection operator consists in proceed first with the
partition of the population of size 2p at least, composed of
parents and offspring in classes, the first containing the nondominated individuals, the second still contains non-dominated
individuals after removing elements of the first class, and
so on. The new population consists in choosing individuals
respecting to the order of dominance classes. Individuals of
the class k have to complete the p size of the new population
are selected according to a distance of ”crowding”.

C. Procedure: Crossover
1) New two point crossover: it is very similar to single
point crossover except that two cut-points are randomly generated instead of one. The obtained offspring chromosomes do
not correspond necessarily to spanning trees. To overcome this
infeasibility, we have introduced procedures of rearrangement
of edges for each chromosome offspring which is not a
spanning tree.
The two point crossover is described as follows:
Choose edges of A4 in decreasing order of the sums of costs

Fig. 1. Two point crossover

in the set: E(T 2) ∪ E \ (A1 ∪ A3). Those of B4 in decreasing
order of the sums of costs in the set: E(T 1) ∪ E \ (B1 ∪ B3)
Every offsprings obtained by the crossover operator are spanning tree therefore no correction has to be made. Furthermore, the experimentation provides better results keeping the
crossover operator unlike expressed by the authors in [3].
D. Mutation operator
This consists to choose randomly a gene which is not in
the offspring chromosome T 1, i.e., an edge e = {x, y} of
G \ T 1, and replace it by an another edge f whose cost-vector
dominates the one of e. The edge f is in the current spanning
tree and belongs to the elementary chain Γ in T 1 connecting
the vertices x and y, Γ ∪ e is then a cycle of G. This allows
finding another chromosome (i.e., a spanning tree) whose costvector dominates the offspring cost-vector. If there is no edge
in the chain Γ which cost-vector dominates the one of the edge
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F. Improvement of the first class of NSGA-II
Starting from the set SN D of non-dominated solutions
of the last population of NSGA-II, neighboring solutions
are generated through a VNS based algorithm to obtain a
novel SN D set. The update of the latter is done according
to the Pareto dominance relation and at each iteration, the
obtained populations have not necessarily the same size.
Hence, an improved approximation with a higher number of
non-dominated solutions is maintained applying a VNS based
algorithm as follows:
SN D: set of non-dominated solutions constructed by NSGAII.
Nk , k = 1, 2, 3: set of neighborhood structures which is
called k − opt of current solution T as well. In the 1 − opt
neighborhood a local search is applied, in the k − opt each of
neighbors Nk (T ) can be reached changing exactly k edges
which belong to different cycles of G.
The choice of the edges to be changed in a given spanning
tree T , is done in the following way:
1- Choose randomly k edges of G \ T .
2- For each edge e ∈ G \ T (e is one of the k edges
already chosen) edges , find the unique chain that connects
its extremities in T .
3- If there exists an edge f such that C(f ) dominates C(e),
then T := T \ {e} ∪ {f }.
Using these three structures, we ensure the feasibility of the
neighboring solutions (i.e., spaniing trees) obtained. The steps
of VNS based are described in the following:
Step 1: While stopping criterion is not satisfied repeat
Step 2: Select randomly an unvisited solution T of SN D
and mark T as visited solution;
Step 3: Select at random a neighborhood structure
Nk , k = 1, 2, 3;
Step 4: Determine randomly a solution T 0 from N k(T );
Step 5: For each neighbor T 00 ∈ Nk (T 0 ) do
Step 5.1: Evaluate the solution T 00 ;
Step 5.2: If the cost-vector C(T 00 ) of the resultant spanning
tree T 00 is not dominated by the elements of the SN D set,
then SN D := SN D ∪ {T 00 };
Step 6: If all the solutions of SN D are marked as visited

then, Return SN D.
III. C OMUTATIONAL E XPERIMENTS
The goal of this work is to demonstrate that combining the
two metaheuristics NSGA-II and VNS, it can be obtained a
good approximation of the Pareto front of M OST problem. To
do this the algorithm is compared with the M OST -algorithm
described in [1] which generates the set of all non-dominated
spanning trees. The experimental study is performed under
Matlab 2014a on an hp laptop, Intel core i5, 8GB of Ram.
The graphs are randomly generated as described by ErdosRenyi in [5] who proposed to the user to fix the number of
vertices of the graph and the probability that an edge exists
between two vertices, and the cost-vectors of dimensions 3 and
5, which are uniformly distributed in the interval [−50, 100].
We run GA-VNS algorithm and M OST -algorithm for ten
instances of same dimension and then, the results are compared on average using the proportional measure which is
defined as follows. We denote SN D/ASN D the proportion
of solutions of the set ASN D belonging to the exact set of
non-dominated solutions found by M OST -algorithm. From
this comparative table I we can see that over 70, 47% of
non-dominated solutions have been found by the GA-VNS
algorithm.
n

m

SN D/ASN D
avg
min
max
20 [46,55]
3
67,14%
49,36%
77,81%
30 [56,65]
3
70,89%
50,79%
81%
50 [65,75]
3
68,60%
58,12%
79,06%
20 [46,55]
5
76,27%
56,26%
84,16%
30 [56,65]
5
71,28%
47,70%
88,12%
50 [65,75]
5
68,64%
42,89%
86,24%
TABLE I
C OMPARAISON BETWEEN M OST -A LGORITHM AND GA-VNS

Another comparative study between our algorithm and the
algorithm presented KEA in [3] is done with the same graph
generator and the results are presented in table II.
|R ∩ N D1| |N D2| |R ∩ N D2|
968
989
450
1041
1043
472
1189
686
163
1136
600
158
1210
870
503
1392
960
370
TABLE II
C OMPARAISON BETWEEN GA-VNS AND KEA ALGORITHMS

n
K80
K100
K200
K80
K100
K200

r

ALGORITHM

Fig. 2. Comparaison between M OST -Algorithm and GA-VNS algorithm

r
3
3
3
5
5
5

|R|
1100
1428
1238
1320
1476
2027

|N D1|
1053
1324
1277
1288
1295
1783

Fig. 3. Comparaison between GA-VNS and KEA algorithms

For each problem instance, we compare the non-dominated
soltions obtained by the two algorithms. We denoted by N D1
and N D2 the sets of non-dominated solutions obtained by the
algorithms GA-VNS and KEA respectively, and by |N D1|
and |N D2| cardinals of these two sets. The set constructed
by gathering all non-dominated sotutions obtained by the two
algorithms, is named ”reference set” denoted by (R). The
performance of an algorithm is then measured in terms of
quality of the solutions obtained by GA-VNS with respect to
the solutions in R. In this paper we used the cardinal measure
which is defined as follow:
Cardinal measure: For the two algorihms GA-VNS and
KEA, we compute the number of obtained non-dominated
solutions that belong to the reference set, i.e. |R ∩ N D1| and
|R ∩ N D2|.
Table II presents the comparaison amoung GA-VNS and KEA
algorithms regarding the cardinal measure. Each algorithm is
run ten times for all the six instances of the problem. For this
fact, we have found useful to group in each line of the Table II
the average results found among all the runs. We note that, the
GA-VNS and KEA generate their own sets of non-dominated
spanning trees, which do not necessarily belong to R.
It is worth observing that for all the instances, the GA-VNS
algorithm out performs the KEA algorithm taking 81% of the
set R. Hence, it determines a greater number of solutions in
the set R compared to KEA algorithm whose contribution is
only 25%.
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IV. C ONCLUSION
In this study, a suitable GA-VNS algorithm based on a
hybridization of the two well known metaheuristics NSGAII and VNS is developed. The results obtained by this new
hybrid algorithm are efficient and show the superiority of this
algorithm compared to other existing methods knwing that the
KEA algorithm is one of the most pwerful. This encourages
us to apply the GA-VNS algorithm to other combinatorial
optimization problems and to develop, in future studies of
research, hybrid algorithms with other meta-heuristic methods.
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Abstract—Business Intelligence (BI) is a very important process in an entreprise because it provides decision support and
enables business strategy managers to have an overview of the
activity being treated. The application of new technologies and
the era of Big Data pose new challenges for BI, a common
problem affecting data quality is the presence of noise and
irrelevant information wich can lead decision makers to a wrong
decision. In this paper, a Multi-Agent Framework for BI driven
Smart Data in a Big Data Environment is presented. For the
unstructured and semi-structured data collection and preprocessing we use the framework Hadoop; Apache Flume, Apache
Sqoop and ODBC/JDBC Connectors for data extraction and
intagration, the Hadoop Distributed File System (HDFS) for data
storage and MapReduce for preprocessing. For the structured
data, an Extraction,Transformation and Loading (ETL) process
based agents is used. Agents perform specific task assigned to
them for treating the noise in Big Data problems by applying
Analytic Hierarchy Process (AHP) that is one method of MultiCriteria Decision Making (MCDM), providing high quality and
relevant information, also known as Smart Data.
Index Terms—Big Data, Business Intelligence, Hadoop, MultiAgent System, Smart Data, Decision Making, Analytic Hierarchy
Process, Multi-Criteria Decision Making

I. I NTRODUCTION
The current world is the one of data, commonly used
applications such as social networks (Facebook, Twitter, etc.),
forums, messaging systems, research articles, online transactions and corporate data produce heterogeneous data that is
enormous in volume and generated exponentially [1]. These
data can be very effective in developing business strategies
and planning effective business decisions, but the era of big
data and its characteristics put many challenges on the storage
and analysis of these data that require intelligent mechanisms
and tools to manage these data sets.
Big Data, as a concept, is defined around five aspects:
data volume, data velocity, data variety, data veracity and
data value [2], [3]. Although aspects of volume, variety and
velocity refer to the process of data generation, data capture
and storage. Veracity and value aspects deal with the quality
and the relevance of the data. These two last aspects become
crucial in any decision making process, where the quality of
decision making is strongly influenced by the quality of the
used data.
Smart Data (focusing on veracity and value) has been
introduced, aiming to filter out the noise and to highlight the

relevant data, which can be effectively used by companies and
governments for planning, operation, monitoring, control, and
intelligent decision making.
The aim of this paper is to propose a BI solution in a
Big Data environment that can filter the noise and extract the
relevant information for an intelligent decision making. Multiagent systems (MAS) can manage complex and distributed
computer scenarios, according to that, a new BI framework
based MAS is suggested.
II. P ROBLEM S TATEMENT AND D EFINITION
The central research question will be " How can we extract
Smart Data to improve the quality of decision making in a Big
Data environment ? " This study intends is to find answers to
the following questions:
• How to cover the problems of heterogeneous and incompleteness of data ? and how to deal with unstructured data
?
• How to ensure the veracity of data that is extracted from
external sources ?
• How to extract Smart Data ?
III. E XTRACTING S MART DATA WITHIN AHP
The term Smart Data is utilized to denote the challenge of
transforming raw data into data that can be processed later to
obtain valuable information [4]. Smart data discovery involves
filtering big data holding useful information, becoming a subset of data that is important for companies and researchers [5].
Obtaining a reduced / filtered amount of data may involve a
large reduction in data storage costs and it influences decision
makers to make the right decision.

Fig. 1. Extracting Smart Data from Big Data [6]
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Figure 1 illustrates an overview of filtering noisy data and
extracting Smart Data (relevant information). The different
steps of the process are listed in the following paragraphs:
Step 1 (Extract information from Data). "Although data and
information are different, many people speak of them as if
they are synonymous, which is almost never true" explains
Michael Wu in his web article [5]. Data is simply a record
of the events that took place. It is the raw data that describes
what happend, when, where, how, who is involved, etc. Data
does give us information, they are not the same. Information
is only the non-redundant parts of the data [7], the maximum
amount of extractable information can be measured through
lossless compression algorithms.
Step 2 (Extract relevant information). Information must
satisfy some criteria to provide relevant information that are
valuable. Autohrs in [8] define three key attributes for data to
be smart, it must be accurate, actionable and agile:
• Accurate: data must be what it says it is with enough
precision to drive value. Data quality matters.
• Actionable: data must drive an immediate scalable action
in a way that maximizes a business objective like media
reached across platforms. Scalable action matters.
• Agile: data must be available in real-time and ready to
adapt to the changing business environment. Flexibility
matters.
The Analytic Hierarchy Process (AHP), presented by Thomas
Saaty (1980), is an effective tool for dealing with complex
decision-making and can help the decision-maker prioritize
and make the best decisions. By reducing complex decisions
to a series of paired comparisons and then synthesizing the
results, AHP helps to understand the subjective and objective
aspects of a decision. In addition, AHP incorporates a useful
technique for checking the consistency of evaluations of
decision-makers, which reduces bias in the decision-making
process.
In our case we use the AHP process to filter the noise and
selected only the Smart Data According to the following steps:
1) Define the problem, which is in our case "How to extract
Smart Data from Big Data?".
2) Structure the top decision hierarchy with the objective
of the decision which is "Extracting Smart Data", and
then the objectives from a broad perspective, through
intermediate levels (The three factors already cited: data
must be accurate, actionable and agile) to the lowest
level (usually a set of Alternatives which is in our case
Big Data).
3) Construct a set of pairwise comparison matrices.
4) Use the priorities obtained from the comparisons to
weigh the priorities in the level immediately below. In
our case the weight represents the level of relevance of
the information, Therefore the selected Smart Data are
the data which have a high weight.
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Fig. 2. AHP flow method [9]

IV. A N OVERVIEW OF THE D ECISION -S UPPORT C YCLE
The decision support cycle in the proposed framework
includes four sub-processes (Figure 3) :
• Data Extraction. External sources (social networks, forums..etc.) generate heterogeneous data that have an unstructured and semi-structured formats, for that we propose the use
of some Apache Hadoop components (Apache Flume,Apache
Sqoop and ODBC/JDBC Connectors) that are very useful for
ETL, and we use the Hadoop Distributed File System (HDFS)
for data storage and MapReduce for preprocessing. Hadoop
brings at least two major advantages to traditional ETL [10]:
• Ingest massive amounts of data without specifying a
schema on write.
• Offload the transformation of raw data by parallel processing at scale.
On the other hand, we use agents to perform ETL process to
the structured data generated by the existing systems like the
OLTP (OnLine Transaction Processing).
• Data Preprocessing. Data preprocessing is the process
of extracting Smart Data. In addition to data parsing, the
preprocessing stage is composed of two main sub-processes:
redundancy elimination and relevant information extraction in
which we use the AHP to extract the Smart Data.
Structured data will be preprocessed in the staging area while
semi-structured and unstructured data will be preprocessed
with MapReduce in the HDFS. After the preprocessing step,
data will be loaded into the Data Warehouse (DW) for analysis.
• Data Analysis and Visualization. The last step in the
Decision-Support Cycle is the data analysis and visualization.
In this step agents perform specific task assigned to them like
Data Mining (DM) and Online Analytical Processing (OLAP)
in order to visualize the results to support the decision making.
The aimed system is composed of the following set of components:
• External data integration component
• Hadoop Distributed File System ( HDFS )
• Staging Area
• Data warehouse
• User-interface component

3) Trustworthiness factors, influence how end-users
make decisions regarding the trust of information.
– Extractor Agent (EA): EA builds up a connection
with the sources system and extracts data.
– Loader Agent (LA): The role of LA is to guarantee
effectiveness and consistency to enhance the performance of data warehouse operations and decrease the
stacking time [12].
•

– Redundancy Elimination Agent (REA): REA is
concerned with identifying and eliminating contradictions and inconsistencies. REA removes duplicate,
missing and redundancy from data.
– Filtering Irrelevant Information Agent (FIIA):
His role is to identify irrelevant information and ignore them, FIIA filter all the noise and only relevant
information that are actionable, accurate and agile
will be loaded into the Data Warehouse. FIIA applies
the AHP method and other techniques like Feature
Extraction (FE) and Feature Selection (FS) [14] to
filter the irrelevant information.
– Driver Agent and Workers Agents (DA and WA):
These agents apply the preprocessing process to
unstructured and semi-structured data stored in the
HDFS. They have the same role as Redundancy
Elimination Agent and Filtering Irrelevant Information Agent. A MapReduce model is implemented,
from where the Driver Agent is located in the master
node, it is created to execute specific tasks, while the
real work is carried out by the workers agents who
are located in the slave nodes as illustrated in figure
5.

Fig. 3. An Overview of the Decision-Support Cycle

V. T HE P ROPOSED F RAMEWORK
A. Description of the Framework
Intelligent agents are utilized nowadays in each field of
life to take care of complex issues by distributing the work.
Agents are software programs that take the autonomous action
in different states to achieve design goals. As indicated by [11],
responsive, proactive, autonomous and social are essential attributes of agents. In a multi-agent based system, agents work
collectively and each agent performs specific tasks according
to the role assigned [12].
Figure 4 illustrates an overview of the proposed framework.
The different agents and their roles are listed in the following
paragraphs.
•

Preprocessor Multi-Agent Group
Redundancy Elimination Agent and Filtering Irrelevant
Information Agent are situated in the staging area and
they are responsable for structured data preprocessing,
while Driver Agent and Workers Agents are responsable
for unstructured and semi-structured data preprocessing
in the HDFS.

•

Extractor and Integrator Multi-Agent Group
– Source Identification Agent (SIA): SIA identifies
the external data extraction sources and evaluates the
quality of data. This agent ensures that the extracted
data complies with these three main factors [13]:
1) Provenance factors, refer to the source of information.
2) Quality factors, concentrate on factors that reflect
how an information object fits for use.

•
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Analyzer Agents (AA): The purpose of these agents
is to convert the amount of data stored in the Data
Warehouse into valuable information by applying a fast
and efficient analysis and creating various views and
representations of that data. The objective is to carry out
OLAP and Data mining on behalf of an agent or a user
and to report the results to the requesting entity and to
all other entities that should be informed.
User-Interface Agent (UIA) The UIA enhances the
ability of the system user to use and entirely benefit
from the Decision-Support System. It is responsible for
all communications between the user of the system and
the other agents in order to transmit reports and results
to the end user.

Fig. 4. The proposed framework

• Step 1 (Data extraction)
1) The user requests data through user interface.
2) The User-Interface Agent (UIA) receives and redirects
the requet to both Source Identification Agent (SIA) for
external data extraction (social media data) and Extractor
Agent (EA) for internal data extraction.
3) The Source Identification Agent (SIA) checks for the
evaluation methods and techniques to mesure the external data quality. SIA allows data extraction only from
sources that meet the quality attributes defined by the
company.
4) The Extractor Agent (EA) extracts data from existing
system to the staging area.

Fig. 5. Driver Agent and Workers Agents

B. Inter-Agent Communication
The sequence diagram based on the AUML language [15]
shown in Figure 6 describes the interaction between the agents
in the decision support system:
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• Step 2 (Data preprocessing)
1) Unstructured and semi-structured data will be preprocessed (Data parsing, Redundancy Elimination and Filtering Irrelevant Information) in the HDFS, Driver Agent
(DA) and Workers Agents (WA) implement a MapReduce model for preprocessing the data. The resulting
Smart Data will be loaded into the Data Warehouse
by the use of Apache Hadoop components (Apache
Flume,Apache Sqoop and ODBC/JDBC Connectors).
2) Redundancy Elimination Agent (REA) parse, eliminates
redundacy from structured data and notifies the Filtering
Irrelevant Information Agent (FIIA) to filter the irrelevant information.

Fig. 6. The communication between agents

3) The Loader Agent (LA) loads the data into the Data
Warehouse for analysis.
4) After storing all the data in the Data Warehouse, the
User-Interface Agent displays the results to the User.
• Step 3 (Analysis and Visualisation)
1) The user request data analysis through user interface.
2) The User-Interface Agent (UIA) receives and redirects
the requet to Analyzer Agents Group (OLAP Agents and
Data Mining Agents).
3) Analyzer Agents Group (AA) anlyses the data and
returns results to the User-Interface Agent (UIA) which
displays the results to the user.

that they use only structured data, in contrast to modern
solutions that use Hadoop for processing the unstructured and
semi-structured data.
There exist other architectures and systems proposed based
agents [16]–[19], which supports the use of Big Data (structured, semi-structured and unstructured data), but most of these
works focuse only on the three challenges: ’volume’, ’velocity’
and ’variety’, and neglects the other challenges that are ’value’
and ’veracity’.
In this paper, we have tried to propose a BI framework
based agents in a Big Data Environment that can handle the
5Vs challenges:
•

• Step 4 (Decision Making)
1) The user reviews the results of the analysis and makes
decisions.
•

VI. D ISCUSSION
There has already been a lot of work in the area of Big
Data and Business Intelligence, in particular with MAS. The
authors in [11], [12] propose a conventional BI solution based
agents, but the disadvantage in conventional BI solutions is

•
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We have proposed the use of Hadoop for the preprocessing of semi-structured and unstructured data. With
the distributed storage and the MapReduce programming
model, Hadoop can handle the first 3Vs: volume, velocity
and variety.
For the fourth challenge, which is the veracity of the data,
we have proposed a Source Identification Agent whose
main role is to ensure some factors [13] like: provenance
factors, quality factors and trustworthiness factors.
The fifth and last challenge is the value. This is the main
challenge that we have based on, where we described

how to transform Big Data into Smart Valuable Data.
VII. C ONCLUSION
In this paper, we have tackled the problem of noise in Big
Data, which is a crucial step in transforming such raw data into
Smart Data. We have proposed a Multi-Agent Framework for
Business Intelligence driven Smart Data in a Big Data Environment. In the proposed framework, agents work collectively
to perform tasks according to the roles assigned. The system
contains different groups of agents to reduce the extraction
time, filter the noise and optimize the performance of decision
making. Hadoop is used to ensure fast data loading, fast query
processing and efficient storage. The highly tolerant nature
of Hadoop’s failures, flexibility, extensibility, efficient load
balancing and platform independence are also useful features
for the development of any distributed process.
The solution may be adapted to different contexts, enabling
the user to select the relevant data attributes and apply them
in a suitable way into a certain situation. Moreover, the implementation of the agent based scenario for analysis purposes in
different fields of life can be done.
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Abstract—The Internet should satisfy to visually impaired
users and it does to sighted ones. Despite significant advances
in Information and Communication Technologies (ICTs), blind
and visually impaired users always meet obstacles in accessing
the web content and putting their information online. In this
article we are dedicated to the study of the different tools,
techniques and research works existing around Web
accessibility and information search (IR) optimization for the
visually impaired people. We begin by describing the different
norms, standards and validation tools that exist and ensure the
accessibility of web pages. Then, we detail the various
techniques specifically dedicated to the optimization of the
search for information by reformulating the query and their
limits. This research is then studied and compared using a
synthetic table. After studying these works we propose an
approach for these people to facilitate their navigation tasks
while optimizing them. Experimentally, we study the
performance of the proposed reformulation method in
comparison to different techniques.

does not meet the accessibility criteria. He, thus, closes the
pages and then decides to open another, from where many
factors influence the quality of these results.
For these reasons, a procedure to improve the web
accessibility, on the one hand, and the optimization of
information retrieval, on the other hand, is always solicited
for these users.
Our proposed query reformulation approach is
essentially built on FireFly Algorithm (FF) based on new
suggestions. This algorithm has been applied on the
frequent itemsets generated by FP_Growth, and each query
is considered to be a Firefly. The reformulation is suggested
based on words in the optimal paths, and using a lexical
database "WordNet" in order to add all possible contexts is
not in the optimal path.
We begin by describing the standards and tools that
ensure the accessibility of web pages for the visually
impaired. Then we present the different approaches to help
and facilitate information access to these people. Since the
reformulation of the queries is the heart of our subject, we
determine the various techniques conceived for the latter. At
the end we present the steps of our approach for these users
and the first result of FireFly Algorithm.

Keywords— visually impaired, ICT, Web Accessibility,
Optimization.

I.

Introduction

In recent decades, the Information Retrieval (IR) has
emerged as a dominant research zone as well as web
exploration due to the global growth and evolution of data
in the internet.

II.

Accessibility of the web

The web is an increasingly important resource in many
aspects of life, such as education, employment, commerce,
recreation ... etc., but access to information is the most
important. For this, web accessibility is essential in order to
provide equal access to information and features for the
visually impaired. These people can perceive, understand,
navigate and interact through the accessibility of the Web.

The generalization of the internet allows visual impaired
or blind people having disabilities to reach a richness of
information. Despite the significant progresses in
Communication Technologies (ICT), blind and visually
impaired users always meet obstacles in accessing the web
content because of the high amount of data that can be
displayed on the screen and links to fly over, and also to put
online their information.

A. Standardization
Some organizations have identified their own
accessibility criteria, including the World Wide Web
Consortium's (W3C), Web Accessibility Initiative (WAI),
which is responsible for standardizing HTML and CSS language.

The search for information on a website or a page is
done according to a strategy called "testing-error". The
visually impaired user opens a web page to discover that the
information sought does not correspond to his needs and / or
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The WAI was created in April 1997, bringing together people
from the industry, disability organizations, governments and
research laboratories around the world to make the Web
accessible to people with disabilities, including hearing,
cognitive, neurological, physical, muteness, and visually
impaired.
Its functionality allows you to control the web content,
authoring tools, browsers, and specific techniques, including
W3C and WAI-ARIA (WAI-Accessible Rich Internet
Applications). In addition to the standards, guidelines are
provided to users and developers like Web Content
Accessibility Guidelines (WCAG) [41], User Agent
Accessibility Guideline (UAAG) [39], or Authoring tool
Accessibility Guideline (ATAG) [40]. Framework and tools
are published to ease the use of standards. In this sense, the
WCAG Web Content Accessibility Guidelines define the rules
for the web content accessibility to people with disabilities.
These rules may apply to any site or tool and are not limited to
administrations. Their latest version of June 2018 WCAG 2.1,
designed to be broadly applied to different Web technologies
now and in the future, is organized around the four following
principles:
 Perceptible: The information and the components of
the user interface must be presented to the users so that
they can perceive them.
 Usable: The navigation and the interface components
must be usable.
 Understandable: The information and use of the
interface must be understandable.
 Robust: the Content must be enough robust to be
reliably interpreted by a big variety of user agents.
Each of these points is divided into several success criteria
corresponding to an A, AA or AAA level. These criteria form
the basis for evaluating the accessibility of web content.
B. Assistance technologies
Today, several tools are designed to help and facilitate
access to information for the visually impaired. The main
technical aids for the blind and / or visually impaired people
are:
 A"screen reader" software is used to reproduce digital
content. It transmits the information appearing on the
computer screen in a format compatible with the
Braille display and / or the speech synthesizer. The
most used softwares are: JAWS "Job Access With
Speech", NVDA "Non Visual Desktop Access" and
VoiceOver .
 Speech synthesis is a system that reads the content of
the computer screen so that it is transmitted through a
speaker. It consists of two parts: hardware and
software. We find in the first part the sound card and
the speaker, and in the second the screen reader
programs and the voices of the different languages.
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The braille display or Braille band is an electromechanical
device that displays real-time Braille characters received from
the screen reader.
C. Related works on the adaptation of web pages
In Table I, we present a comparative study of existing
research works according to the criteria of the elements
studied and transcoded (transformed) in a page.
In recent years, much research has focused on transcoding
web pages for people with visual impairments. The majority
of these works deal with basic features such as size, text color,
and background [13,14]. Others focus on the role of items
such as menus, lists, and sections, or on forms of higher-level
logical structures [15, 16, 17].
In order to make it possible for the manipulation of highlevel abstraction, [15,18] proposed their own language or
meta-model. These approaches require a step of recognizing
these elements in the page. This step can be done by pattern
recognition but can also be done using a source code analysis
on page [18].
At the transcoding step of the page, the modification is
carried out either on HTML elements [13,15], on CSS rules
[19,20] or on some conditions of scripts like JavaScript [14,
20] . This modification can be made either on the entire page
(called global approaches) [21,22] or on a specific part of the
page (called local approaches) [9, 24, 11, 12].
The approach of [16] enables addition of Content
Navigation Rules (CNR) to the content of HTML pages by
introducing Accessible Rich Internet Application (ARIA)
attributes into page tags. This tagging enhances the quality of
keyboard navigation and is a good accessibility of Web
interfaces by screen readers. In other approaches, the content
of the pages is enriched by the addition of alternative text on
the images [27], which is done either by optical recognition of
the characters present on the image, or by decoding the URL
of this image.
Regarding the conservation aspect of the original context
of the page, Bonavero's works [5,7,28,29] are based on the
user's preferences in addition to the designer's preferences
(original context of the page). In this approach users can give
preferences on both low-level and higher-level elements. This
is done using the NSGA (Non-Dominated Sorting Genetic
Algorithm) evolutionary algorithm (two of its versions NSGAII and NSGA-III) to obtain a good approximation.

Basic, image

Local/ adding
text alt.

[19]

DOM, CSS

Global

[15]

Ann. Sem.,
CSS

Global

[21]

Color

Global

[16]

Ann. Sem.,
CSS

Global

Basic

Global

[24]

Labeles and
zone saized
DOM, CSS,
Scripts
Basic

[22]

Color

Global

[28,29]

DOM, Metamodele

Global

[17]
[20]

adding labels

Tools

Sem. of
elements
palette

Accessibility guidelines
referenced

Web site submission
methods

Other

[27]

[14]

Color behind
the images

Global/local

Sec 508

Basic, tables

COMPARISON OF THE VALIDATORS

WCAG2

[13]

TABLE II.

WCAG1

×

Paste

Global

Other validators use a "graphical" approach to indicate
validation results, view the web page being analyzed, and
locate errors on the user interface page using markers, labels,
or other graphic elements. WAVE [32] is an example of these
validators.

File

Meta-modele
BML

to validate dynamic sites through the addition of browser-level
plugins.

URL

Automatic
recognition

[18]

Preservation of
the original
context

Article

Scope

COMPARISON OF THE DIFFERENT APPROACHES ACCORDING
TO THE AMENDED ELEMENTS IN THE PAGES
Features traits

TABLE I.

×
[30]

Sem. of
elements

BITV, W, S

×

[33]
×

×

[34]

Global

[35]

×

×

×

[36]

×

[39]

×
×

×
×

×

×

V, S

×

×

×

×

Local
×

×
×

×

W, S

Where:
D. The validators
In Table II, we present a comparative study between some
validators to evaluate the web site against accessibility
guidelines and are operated by simply giving them the URL.
A large number of tools have been developed for the
automatic or semi-automatic assessment of website
accessibility for people with disabilities, but most of them
have not been updated over time for monitoring the evolution
of accessibility standards and guides. Among the main
validators we include AChecker [30], OCAWA (Operational
Control and Analysis for Web Accessibility) [34], Web
Analytics Automation testing
(Waat) [35], and Total
Validator [36].
Other types of accessibility validator have relied on XML
for defining guidelines. Kwaresmi (Knowledge-based
Automated Web Evaluation with REconfigurable Guidelines
OptiMIzation) [37] is the first tool that used a representation
based on this language called SGSL (Simple Guideline
Specification Language). Multi-guideline Accessibility and
Usability Validation Environment (MAUVE) [33] is another
XML-based web analytics and evaluation environment. It is
composed of an abstract language called Language for Web
Guideline Definition (LWGD). ) to define the guidelines and
is characterized by the ability to specify and update those lines
that need to be validated without requiring any changes in the
implementation of the tool. It allows the checking of both
HTML and CSS for detecting accessibility issues and is able

BITV: Germany Barrierefreie Informations technik
Verordnung, M: Mobile OK, S: Stanca Act, V: Visualy
Impaired and W: W3C HTML/CSS Validator.
III.

Optimization of information
search

Searching for information, moving or locating on the web
can sometimes be a big problem in terms of the different tasks
one has to perform, but also the high amount of data that can
be displayed on the screen and the links that you have to fly
over. On the other hand, if the request does not express these
needs, this implies that, for various reasons, certain
information is not formulated. As a result, query reformulation
is often the best solution.
Although this concept is studied by many researchers, it
has become one of the main concepts in the field of IR and has
been the subject of much work. This work provides solutions
to two important questions:
 How can more pertinent documents be found in
relation to a given request?
 How can the user's query be better expressed in order
to better meet his needs?
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A. State of the art on reformulation of the requests
In Table III we present a comparison between some
approaches to improve the query according to their categories.
The main information retrieval system (IRS) improvement
techniques by reformulating the initial query by adding new
terms are distributed in three main ways: Combination of
various presentations of the query, expansion of the query and
re-injection of relevance. In the following paragraphs we
present these categories.
The direct expansion of the query consists mainly of
adding to this query terms from existing linguistic resources
such as Wordnet [23,25], or from resources built from
collections [10].
Few articles on this kind of the query expansion are
proposed later because various problems arise, among which,
the limitation of term correlations for the query terms that are
present in the corpus and the lack of some query terms in the
local corpus of the domain. In order to solve these problems
and to enrich the knowledge extracted from the domain
corpus, Gan and Hong [9] presented an expansion approach
that uses the local corpus of the query domain, and the
Wikipedia pages related to the field of the local corpus.
The theoretical basis of the combination of evidence has
been proposed by Ingwersen in this work [4]. He showed that
multiple representations of the same object allow a better
perception of the object than a single good representation.
User intervention in judging the relevance of documents
returned by IRS plays an important role in refining the query
reformulation process. Tamine [26] presented an approach that
relies on a combination of a genetic optimization process with
a basic research model. The technique of nesting allows the
recall of the maximum of documents relevant for the same
query but which are dissimilar, and the adaptation of the
genetic operators enabling the reduction of the exploration
complexity by regulating the genetic transformations operated
on the individuals’ queries.
In order to solve the Relevance Reinjection (RP)
difficulties, this latter has been replaced by the Pseudo-RP
(PRP). Among the interesting studies in this field we find the
work of [1, 8, 42, 43]. These approaches are based on the
assumption that higher ranked documents (the first k
documents) are considered relevant.
Other queries reformulation approaches are presented in
the literature, which are not included in the classification
mentioned above. Among these approaches we cite Singh's
approach [31] which allows the use of the term graph to
provide the query suggestion by evaluating the similarity. The
graph is constructed based on the relevant document words
from the user's query. The association between the term graph
is based on similarity and is considered as the fitness value for
the
genetic
algorithm
(AG).
Veningston
and
Shanmugalakshmi [3] used the same steps of the previous
approach except at the metaheuristic level they chose the ant
colony algorithm.
Some research work is based on query logs, which have been
widely used in the different approaches to Web Mining Web
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Data Mining [3, 6], to improve the efficiency of search
engines and their usability.

TABLE III.

COMPARISON BETWEEN REFORMULATION APPROACHES TO
THE REQUESTS

Category

Approhe

Details

Language Resources (Semantics)
Expansion
and
combination
of query

[25]
[23]
[10]
[9]

Combination
of the
requests
Reinjection
of relevance

[4]
[26]
[1]

Pseudo
Reinjection
of relevance

[8]
[42]
[43]

IV.

Wordnet definition + axiomatic
model
Synonyms for Wordnet
Document Collection
Classification of terms
Local corpus of a query domain
Multiple representations of the
same object
Nesting Technique and
adaptation of genetic operators
Sentence Based Query Expansion
(SBQE)
Historic
Add the weight of relations of
candidate term with each of query
terms
Analysis of the smoothing
methods in the language models

FireFly algorithm based query
reformulation

When the user requests the Web engine, the first step is to
retrieve the relevant documents (document, URL, etc.). A
preprocessing phase is used later, which one removes all
StopWord (the terms extracted from these documents) and the
useful terms will be annotated with information on the words
kind and lemmatization information using treeTagger [44].
In the next step, the extracted keywords (we only take
names or adjectives) of these documents are associated with
FP_Growth (frequent-pattern Growth) to generate frequent
itemsets. Each of these itemsets is considered to be a path of
FF. The algorithm converges to top-k optimal paths, and the
keywords present in the path are extracted. “WordNet” [2]
will be interrogated to extract the hyponyms / hyperonyms of
these keywords which will be suggested for the user
afterwards. The schematic diagram of the proposed query
reformulation is shown in Fig.1.
To have a reasonable execution time in the search for
information, we want to choose and test the bio-inspired
evolutionary metaheuristic which is the FireFly Algorithm
(FF) algorithm. Firefly Algorithm introduced by Dr. Xin-She
Yan at Cambridge University in 2007 [38], it is inspired by the
attenuation of light on distance and mutual attraction but it
considers all fireflies as unisex.

Fig. 2. The reformulation system interface

Once the optimization stage is done, we re-sort the
documents obtained according to the accessibility test and we
improve the interpretation of the web pages using the tool
EWPA (Enhanced Web Page Adaptation) [29] which allows
transforming Web pages based on user preferences while
browsing the web.
Fig. 1. Schematic diagram of proposed FireFly based query reformulation

Search query q
Select best Path
Retrieve the top-k
documents (D1,D2, ...Dk)
and extract these
Keywords

Use StopWord +
treeTagger

Use of method
FP_Growth

Extract Keyword from Top-k
Optimal path

Interrogate WordNet

Query Suggestion / Query
reformulation

TABLE IV.

Suggestion

Testing
Queries

Implement FireFly
Algorithm

V.

TOP 3 SUGGESTIONS GENERATED BY THE PROPOSED
METHOD.

Result analysis

In this section the evaluation parameter and result for the
proposed reformulation approach are discussed.
The experiment was carried out on the platform of
personal computer with an Intel®core™i7-7500U CPU
@2.70GHz 2.90GHz. The operating system is Windows 10
and the programs of the mining algorithm are implemented in
Java EE (compiled and deployed on Apache Tomcat 8).

Recall= Relevant Retrieved /Relevant

Top 3

Database
example

Database
relational

Database
applications

Algorithm

Algorithm
programming

Algorithm
computer

Algorithm
analysis

Program

programs
computer

programming
language

ProgramData

COMPARATIVE TABLE FOR FIREFLY AND PSO.
PSO

Queries

Recall

Precision

Recall

Precision

R1

0,42

0,66

0,35

0,5

R2

0,43

0,72

0,5

0,53

R3

0,36

0,68

0,52

0,44

The query precision is one of the main factors used to
measure the query quality. According to results obtained in
comparative table, there is an improvement at precision with
FireFly algorithm compared to the PSO. For example, the
second query (R2) FireFly gave a good precision (0,72)
compared to the PSO (0,53) and also for the recall FireFly
gave 0,43 on the other hand the PSO gave 0,5 respectively.
VI.

(1)
(2)

Database

FireFly

The results were examined and analyzed using the
precision and recall calculation. The reformulation system
interface is present in Fig. 1 and Table IV shown the top 3
personalized suggestions for the initial queries.

Precision = Relevant Retrieved /Retrieved

Top 2

TABLE V.

The test data set is generated from a JSON file which is
prepared using JSON generated script, Jsoup and Google API.

For a comparative study, we implemented our FireFly and
PSO approach. Table V illustrates precision and recall
calculations for the first 30 documents returned by our
approach for 3 different queries. The recall (R) measures the
proportion of relevant documents returned by the system
among all those relevant to the query, and the precision (P)
measures the proportion of relevant documents among all
those returned by the system. A simple formula for Precision
and Recall is as follows:

Top 1

Conclusion

After the study of each step we propose an approach for
visually impaired users to facilitate their navigation tasks
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while optimizing them. In this paper, an approach of
optimization based on the FireFly Algorithm is used to
formulate the query by providing a new suggestion. This
algorithm has been applied on the frequent itemsets generated
by FP_Growth, and the lexical database "WordNet" is used.
In a global way, the Google APIs are very useful for
testing, but remain insufficient in the evaluation phase,
because it provided a limited access of 100 queries per day,
which prevented us from testing our approach. Nevertheless,
the evaluations taken into account remain credible to prove the
effectiveness of result in the context of Information Retrieval
on the web.
The FireFly algorithm is more efficient for reformulating
queries. The proposed approach will have improvements as
the overall execution time, keyword preprocessing, in the
interpretation of the web pages for visual impaired people
using the tool EWPA, and create validator to evaluate the web
site against accessibility guidelines for visually impaired
peoples.
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Abstract— After the oil crisis that hit Algeria more than three
years ago, the economy of Algeria is directed to several sectors
and in particular the agriculture sector to augment the economy
of Algeria, particularly in southern Algeria. In many areas in
south of Algeria, the soil is rich in organic and mineral matter
with good sunlight so many plants can grow in the south such as
tomatoes, potatoes ... And even recently they have grown
Strawberries in Oued Souf! For a better yield and a good quality
production of plants in the south of Algeria, we cultivate under
the greenhouses which generate from the local external
conditions, a microclimate more favorable to the growth of the
plants. Thus, with the benefit of the smart and new technologies,
we will propose in this paper a design for smart greenhouses in
southern Algeria regions to provide a smart control and
monitoring for the greenhouse system.

improve plant growth processes. In this regard, with the smart
and new technologies, we will propose in this paper a design
for smart greenhouse in southern Algeria regions for manage
greenhouses in an intelligent and automatic way that is to say
without the intervention of the human, facilitate the tasks of
farmers, grow plants out of season, minimize the
transportation of vegetables and fruits that come from the
north and meet the needs of the inhabitants of South.
The rest of paper is organized as follow: in section 2 we
will present some works have been done in smart greenhouses,
our proposed approach will be presented in section 3 and
finally, a conclusion and proposed perspectives of this work
will be presented in section 4.

Keywords— Greenhouses; Smart greenhouses; IoT; Sensors;
Actuators; Controllers.

II.
I.

Introduction

The process of plant growth is mainly affected by the
environment parameters like Humidity, Temperature, carbon
dioxide concentration, Light intensity, water and fertilizers
supplied by irrigation. These variables have direct influence
on crop healthy and productivity especially in the regions
where the climatic conditions are extremely harsh or no plants
can be grown outside. To solve this problem, Greenhouse
cultivation is used. It provides controlled environment
conditions around the plants and protect crop from external
hard conditions. By this job, greenhouse become a very
interested technology to obtain optimal growth of plants,
improve crop quality far from diseases and it enables farmers
to select any plant in any place at any time [1].
In recent decades, technology has developed very rapidly
in many sectors. Among these new technologies, we find
sensors, actuators, microcontrollers ... So why do not we try to
integrate its new technologies in the greenhouses of the south?
The integration of modern technology in greenhouse
management and monitoring system is one of the ways to

Related work

Greenhouse is an environment that generates from local
conditions, a microclimate more favorable to the growth of
plants. The farmer needs to monitor the climatic parameters
under the greenhouse like temperature and humidity.
Many research and projects have been done in order to
improve and monitor the climatic conditions under smart
greenhouse.
Cao Xin el al., in [2] have developed a design of an
intelligent greenhouse monitoring system with WSN, which
combined sensors with ZigBee wireless network technology.
The system realizes wireless collection and transmission of
data and information with Zig Bee technology, which
transmits data and controlling information to the internet
through the CGI (common gateway interface), enabling
operators check data and control in a real-time manner from
the remote PC, and then realizing the true remote monitoring.
They controlled and monitored over sunshine, humidity and
temperature and other important factors influencing plant
growth, as well as informing the farmers with mobile message.
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Athira K.H and Poornima Indusekhar., in [3] have
proposed a smart greenhouse system which will monitor and
control the internal parameters (internal temperature,
humidity, soil moisture and light intensity variations etc.) of a
green house. ATmega328P microcontroller is used. Whenever
the sensor values reach a certain threshold, the sensors will
send a signal to microcontroller which will then process it and
send to computer via Zigbee. The software is Arduino 1.6.7
IDE using C programming and compiled using the AVR-GCC
compiler. The corresponding automation output values are
displayed in the computer and also the caution indications in
the green house is send to the farmer’s mobile phone as
message via a GSM.
In [4] authors have presented a monitoring and control
system for greenhouse through Internet of Things(IOT). The
system will monitor the various environmental conditions such
as humidity, soil moisture, temperature, presence of fire, etc.
If any condition crosses certain limits, a message will be sent
to the registered number through GSM module. The
microcontroller will automatically turn on the motor if the soil
moisture is less than a particular value. A color sensor will
sense the color of the leaves and send message.
The authors in [5] have used wireless control system with a
subsequent software for design and implementation of smart
greenhouse technology. This control system handles the
essential factors such as sunlight, temperature, humidity, using
real time clock set and micro-controller and carry out wireless
transmission of information to remote software. They have
used for implementation of smart greenhouse monitoring
system the ZigBee technology. This system is made up of
front-end data acquisition, data processing, data transmission,
and data reception. The processed data is send to the
intermediate node through a wireless network. Intermediate
node gets all data and sends the data to the PC through serial
port, at the same time staff may view analysis and storage of
the data. PC provides a real time data for greenhouse fans
another temperature control equipment and achieve automatic
temperature control.

III.

The sensor placed in greenhouse, measure continuously the
humidity values, the temperature values of the interior of the
greenhouse, then send these values through a ZigBee network
to a smart gateway. The information is sent via a mobile data
communication network to a web service. the web service
contains smart software its role is to automatically analyze the
data and compare it with thresholds that exist in the software
database and then selectively activate the controllers as
needed.
The routing protocol used is the RPL protocol. And for the
outputs results are presented using CoAP or HTTPs.
The advantages of our system are the following to ensure
its wide adoption by farmers:
- The system is easy to deploy, to use, and facilitates
management and monitoring of greenhouses.
- The system is easy to maintain
- The system design is robust and reliable.
B. Sensors
1) The DHT11 humidity and temperature sensor
DHT11 sensor is used to measure temperature and
humidity values, the output of this sensor is digital and it has
fast response time, good accuracy, and high resolution. Data
form of DHT11 is 8bit integral RH data + 8bit decimal RH
data + 8bit integral T data + 8bit decimal T data + 8bit check
sum. If the data transmission is valid, the check-sum should be
the last 8bit of "8bit integral RH data + 8bit decimal RH data
+ 8bit integral T data + 8bit decimal T data" [6].
2) Light sensor
LDR is a variable resistor that measures light. LDR is a
resistor that has an internal resistance increases or decreases
dependent on the level of light intensity striking on the surface
of the sensor. It has fast response and small in size. The
relationship between the change in sensor resistance (Rl) and
light intensity (Lux) is [5]:
Vout = (LDR × Vin) / (LDR + Rl)

(1)

To obtain the value of LDR the equation will be:

Our proposed approach

LDR=(Vout × Rl) / (Vin - Vout)

(2)

A. The system design
Our approach proposed in this paper is composed of:
wireless sensor network (DHT11 Humidity and Temperature
Sensor), the 6LoWPAN smart gateway that connects the
Zigbee network with the internet via mobile communication
network.
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C. Actuators
They are the actuators in window, fan, sprinkler, lamp and
heater. The role of the actuators is that the equipment is
functioned automatically.
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Fig. 1. The system design

D. Flowchart representation

With:
T: current temperature.
Ttrs: temperature threshold of plant.

Fig. 2. Flowchart for monitoring temperature
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With:
H: current humidity.
Htrs: humidity threshold of plant.

Fig. 3. Flowchart for monitoring humidity

Fig. 4. Flowchart for monitoring light

Fig. 2, 3 and 4 shows how monitoring the temperature and
humidity of greenhouse. Firstly, you need to know the type of
plant grown in the greenhouse to know the threshold of
temperature and humidity and the need of light. Then, we
check the current temperature (current humidity) with the
temperature threshold (the humidity threshold) and if the
greenhouse is dark. The test of temperature, humidity and light
is as follow:
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The test of temperature:
If (T > Ttrs) then
Fan = ON;
Heater = OFF;
Else
Fan = OFF;
Heater = ON;
End.
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The test of humidity:
If (H > Htrs) then
Window = ON;
Sprinkler = OFF;
Else
Window = OFF;
Sprinkler = ON;
End.
The test of light:
If (greenhouse is dark) then
Lamp = ON;
Else
Lamp = OFF;
End.

IV.

Conclusion

The south of Algeria has a harsh climate in summer and
winter. So for sustainable agriculture, we have proposed our
design. Our design aims to facilitate the tasks of southern
farmers. It allows to manage and monitor the greenhouses
remotely without the displacement of farmers.
As a perspective, we want to realize this design in real time
and in the south of Algeria.
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Abstract—Sensor nodes forming wireless sensor networks
(WSNs), are generally equipped with a low computing capacity,
a small antenna and a very limited energy source; which makes
the batteries critical resources from where their use must be
efficient. On the other hand, The used communication protocol
to deliver data from source to destination in a WSN is the biggest
energy consumer. Indeed, in a dense WSN, each node may route
messages to a destination node either through short-hops or longhops, by using long or short radio range. Thus, the hop lengths
optimization can save energy. In this paper, we propose an multipath routing algorithm based on the ideal hop’s range to improve
WSN power consumption. The simulation results obtained by
applying the proposed algorithm on several WSNs reveal a high
performance regarding WSNs energy consumption and networks
lifetime.
Index Terms—Wireless sensor networks,hops lengths, Multipaths routing algorithm, energy efficiency, network lifetime.

I. I NTRODUCTION
Wireless sensor Networks (WSNs) are listed by Business
2.0 as one of the six technologies that will change our world
[1], also Technology Review at MIT and Global future identify
WSNs as one of the 10 emerging technologies that will
change human’s life [2]. Indeed, In the last years, Wireless
sensor networks have been used in many applications like
military, surveillance, biomedical health monitoring, home
applications, disaster management, forest fire detection, seismic detection, habitat monitoring, inventory tracking, animal
tracking, hazardous environment sensing and smart spaces,
general engineering and commercial applications [3]–[7]. In
the most cases, it’s impossible to replace or recharge the
batteries of nodes given the nature of the monitoring areas
[1], [8]; therefore each node should have strict limitations in
the usage of its energy source. Thereby, the nodes batteries in

a WSN are considered as scarce resources and should be used
efficiently [9].
In a typical WSN, which may contain up to 1 million
nodes [10], a sensor node consumes energy from its battery
in sensing, processing, sending and receiving data. Several
studies showed that the most energy-consuming task is sending/receiving data which uses the radio module that provide
wireless communications [1], [2], [8]; indeed, the energy
consumed, by a node, when transmitting 1 bit of data by its
antenna on the wireless channel is equivalent to the energy
required to execute thousands of instructions by its CPU [11].
Therefore, the communication protocol used in a WSN affects
largely the energy consumption and the network’s lifetime
[12], [13].
In WSNs, sensors don’t have the necessary power and the
sufficient communication range to communicate data directly
to the base station. So, the multi-hops architecture is used to
forward data from the source to the destination node [8], [14].
Hence, in WSNs, a sensor don’t senses and sends only its own
data but also have to act as a router i.e., to forward data of its
neighbors.
In a dense WSN, a multi-hops protocol is used to transmit
data from a source to a destination. In nowadays, all modern
sensors are equipped with developed radio transceivers, which
have the capacity to adjust their transmitting powers [15], [16],
in order to avoid using a large radio range to contact a nearby
node, so some distant destinations can be reached with either
a big number of short-hops or a few number of long-hops.
Fig. 1 depicts these two strategies.
The problem over the required number of hops, to save
energy, comes from the reality that each strategy (long-hops Vs
short-hops) has its own advantages and its own disadvantages.
Transmitting data over many short-hops (this path is depicted
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1) Network structure
2) Protocol operation

Fig. 1. Routing over short-hops and long-hops.

with blue arrows in Figure 1) helps to reduce energy consumed
by transmissions which is proportional to the communication
distances but increases the energy consumed by reception,
since the energy consumed when receiving data can’t be
neglected [6]. However, transmitting data over long distances
[5], by using long-hops (this path is depicted with red arrows
in Figure 1), reduces the reception costs, as the number of
nodes involved in data routing decreases, but increases the
energy consumed by transmissions, since the distances of
communications are long.
Nowadays, multi-path routing approaches are widely used
in wireless sensor networks to improve network performance
through efficient utilization of available network resources
[18], [20]. Indeed, single-path routing algorithms, also called
classical routing algorithms, maintain the same path during
the communication between a source and a destination, which
make the nodes consume more energy, unlike the multi-path
algorithm which update the path periodically to assure a best
load balancing between nodes. In this paper, we will present
a multi-path routing algorithm (MPA) based on the optimal
hop rage [19]. Proposed algorithm is then compared to a
single-path routing algorithm (Short path algorithm) based on
Dijkstra algorithm to find the shortest path between the source
node and the destination node.
II. OVERVIEW ON ROUTING IN WSN S
The limited characteristic of the nodes forming wireless
sensor networks, make the routing task in these multi-hops
networks much more challenging compared to the traditional
ad-hoc networks [21], [22]. In the case when some nodes die
out during network activity due to energy depletion of the
sensor nodes, this issue should not makes the network out
of services. Moreover, since the applications of WSNs are
application specific, routing protocols should be able to satisfy
the QoS demands.
According to the differences between wireless sensor networks and ad-hoc networks, numerous routing protocols were
developed to address the routing challenges imposed by the
limitations of sensor networks.
Al-Karaki et al. [21] classified the existing routing protocols
in two different categories:
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In the first class, routing algorithms are classified as flat,
hierarchical and location-based routing protocols. Flat routing
protocols are designed for networks with homogenous nodes.
This category includes Directed Diffusion, Sensor Protocols
for Information via Negotiation (SPIN), Rumor Routing, Minimum Cost Forwarding Algorithm (MCFA), and Energy-Aware
Routing (EAR). Hierarchical routing protocols were originally
proposed to improve network scalability and energy efficiency
through node clustering. In this group of routing protocols,
all the sensor nodes are grouped into clusters and one node
with more resources in each cluster is assigned as the cluster
head. Several routing protocols such as Threshold-Sensitive
Energy-Efficient Sensor Network Protocol (TEEN), Adaptive
Periodic Threshold-Sensitive Energy-Efficient Sensor Network
Protocol (APTEEN), Low-Energy Adaptive Clustering Hierarchy (LEACH), Power-Efficient Gathering in Sensor Information Systems (PEGASIS) and Two Tire Data Dissemination
(TTDD) fall in this category. Routing protocols in the second
group utilize the exact location of the sensor nodes to make
routing decisions. The geographic locations of sensor nodes
can be obtained directly using Global Positioning System
(GPS) devices or indirectly by exchanging some information regarding to the signal strengths received at each node.
However, since localization support requires specific hardware
components and imposes significant computational overhead
to the sensor nodes, this approach cannot be easily used
in resource-constrained wireless sensor networks. Geographic
and Energy-Aware Routing (GEAR) and Geographic Adaptive
Fidelity (GAF) can be referred as the geographic routing
protocols [20], [23].
Concerning the protocol operation, all existing routing protocols can be categorized into negotiation-based, query-based,
QoS-based, multi-path-based and coherent-based protocols.
The main idea in the design of negotiation-based routing
protocols is to provide energy-efficient communication by
reducing data redundancy during data transmission, we note
as an exemple for this category the SPIN family of protocols.
In the query-based routing protocols, a sink node diffuse a
query message throughout the network to obtain the desired
sensing task. all nodes sensed any related information, reply
with the collected data to the sink node through the reverse
path, we quote as an example Directed Diffusion and Rumor Routing. The QoS-based routing protocols is designed
to satisfy QoS demands of different applications. The key
aim of these class of protocols is to establish a trade-off
between energy consumption and data quality. Sequence Assignment Routing (SAR) protocol, SPEED , Multi-path MultiSPEED(MMSPEED), Energy-aware QoS Routing Protocol
and Delay-minimum Energy-aware Routing Protocol(DERP)
can be considered as the QoS-aware routing protocols. in
contrary with single-path routing algorithms, multi-paths routing protocols allow each source node to find multiple paths
towards the sink node to improve network performance. There

are several protocols in this category such as Braided Multipath Routing and N-to-1 Multi-path Routing Protocol. In
coherent data processing-based routing protocols group, data
are sent to the sink in order to reduce data redundancy. Therefore, energy efficiency is highly considered by these routing
protocols. Routing protocols such as Directed Diffusion , SPIN
and SAR utilize data aggregation and can be categorized as the
coherent data processing-based routing protocols [23], [24].
From now, our interests are focused on the multi-paths routing approach and the related issues that should be considered
in the design of these protocols for wireless sensor networks.
III. M ULTI - PATH ROUTING FOR WSN S
Multi-path routing scheme is used as one of the best solution
to overcome the power consumption and the limitation of
single-path routing approach. In this section, we will discuss
the multi-path routing approach and he main design issues in
the development of this type of routing protocols.
The routing inside wireless sensor networks uses multi-hop
routing scheme via message forwarding is more efficient than
single-hop routing; in a high dense network. even so singlepath routing assure rapid routing and data transfer because
each node uses only one path before sending the collected
data. However, a single path can become ineffective by a
defect in a sensor node during packet forwarding. thereby,
the multi-path routing scheme provides improved transmission
reliability, fault tolerance, congestion control, and quality of
service. The multi-path routing scheme establishes multiple
paths between the source and the destination. The multi-path
routing reduces the load on a sensor node and extends the
lifetime of sensor networks [24].
In multi-path routing, multiple paths are utilized for data
routing. Therefore not only the shortest path but also relatively
long distance paths are also available for data routing. In the
proposed multi-path routing algorithm, we used the interval
that assures the optimal energy consumption, which used this
condition to select the next node to construct the routing path
[19]. Figure 2 depicts a wireless sensor network which is using
a Multi-path routing scheme.

Fig. 2. Multi-path routing.

IV. T HE PROPOSED ALGORITHM
In this section, the Multi-path Algorithm (MPA) is used to
find multiple optimal routes, between the emitter and the sink
which guarantees the minimum energy consumption. Before
proceeding, these assumptions are made about the network:
1) The network is highly dense
2) Each node in the network has a distinct ID.
3) All the nodes deployed are energy/power constrained,
homogeneous and stationary.
4) The antennas sensitivity threshold of nodes is given.
5) The antennas nodes can detect the power of the received
signal (Signal force).
In the proposed algorithm, there are three types of messages,
Init REQ(NodeID), ACK(nodeID, ParentID) and DataMessage(ParentID,ChildID,Data). A node broadcast an Init REQ
(nodeID) to its neighbors using the ideal hop range to inform
them by its ID, each node interested by the Init REQ (the
nodes which are situated at a distance accepted by the condition presented and hear the Init REQ), will add the senderID
to the list of its parents (multiple parents means multiple paths)
and reply with an ACK to inform the sender by its ID. The
sender, when it receives an ACK from a node, adds the nodeID
to the list of its children, to construct multiple routes. In the
proposed algorithm, the sink is the first node which sends
an Init REQ, it means the algorithm is started by the sink,
and ends when all the nodes have parents. The nodes in the
network use hops which satisfy the condition presented in the
previous section (hop range).
The pseudo code of the initialization phase is showed in
Algorithm 1. Nodes which are in the topology have two roles:
parent and child, except the sink which has only children and
the end nodes which have only parents.
Algorithm 1 initialization Phase
repeat
Nodei broadcast an Init REQ(nodeIDi ) using the HopRange;
for Each nodej hears the Init REQ and SignalForce(Init REQ)≈SensibilityThresholdNodej do
Add nodei to the list of parents;
Send ACK(nodeIDj ,nodeIDi )
end for
for
Each
nodek
hears
an
ACK
and
NodeIDk =ACK.ParentID do
Add ACK.NodeID to the list of children;
end for
until all nodes have at least a parent.
After the initialization phase ends, each node knows its
children and its parents (excepting the sink and the ends
nodes). When a node in the network has data to share with
the Sink it chooses the first parent in the list of its parents and
sends the DataMessage (NodeID, ParentID, Data). In his turn,
the parent node receiving the DataMessage forward it directly
to its first parent in its list of parents and so on, this task is
repeated until the data arrives at the sink.
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In order to preserve nodes batteries and to ensure a uniform
consumption of energy between all the nodes of the network,
when a node has data to send to the sink for a second
time it chooses the second parent (second path) in its list of
parents, and each time when it has data to send it chooses
the next parent or the next path. This so as not to solicit only
the first parent and ensure a uniform distribution of energy
consumption between its different parent and usually between
the different nodes of the network, which we call multi-path
routing.
The pseudo code of sending a message is showed in
Algorithm 2.
Algorithm 2 Send Message
while a node has data to send do
ParentID=The ID of the first Parent from PartentList;
Move the selected parent to the Queu of the PartentList;
Send DataMessage(nodeID, ParentID,Data)
end while
V. S IMULATIONS AND RESULTS VALIDATION
In order to validate the proposed algorithm and measure its
performances, we compared it to the shortest path algorithm
(SPA) [25] which uses the Dijkstra algorithm to build the
shortest routing path. The comparison was based on the energy
dissipation and the lifetime of the network. Algorithms have
been simulated for several numbers of nodes (100, 200, 300,
400, 500 and 800) by considering set of parameters shown in
table I.
All network nodes were randomly scattered in 1000 × 1000
meters, randomly generated topologies were used. The sink
was fixed at the origin (0,0) and the initial energy nodes were
assigned to 5j.

strategy, unlike the SPA which involve a large number of
nodes when building a routing path using single-hop strategy
especially in very dense network.

Fig. 3. Energy consumption : MPA Vs SPA

As shown in Figure 4, the MPA ensures a very high network
lifetime. this is due to the fact that the MPA use the optimal
routing path involving a small number of intermediate nodes
thus conserving energy. On the other hand the SPA routing
path building strategy involve a high number of intermediate
nodes especially in very dense network. The massive participation of nodes in the routing path implies a high energy
consumption which causes a loss of network lifetime.

TABLE I
E XPERIMENTAL STUDY PARAMETERS
Fig. 4. Network lifetime : MPA Vs SPA
Parameters
Number of nodes
Sink position
Initial energy
Transmission rage
Environment
Power consumption in transmission
Power consumption in receiving

Values
100-500 and 800 nodes.
(0,0)
5j
85 meters
The free space path loss exponent
15 mA
10 mA

Figure 3 illustrates the energy consumption in deployed
networks ( 100, 200, 300, 400, 500 and 800 nodes), using
the proposed algorithm (MPA) and the shortest path algorithm
(SPA). According to the figure 3, when the density of the
nodes was low (100 nodes), the energy consumed was almost
equivalent, once the density increased the difference between
the energy consumed by the MPA and that of SPA also
increased, this is due to the fact that the proposed algorithm
limits the energy consumption during receptions by involving
just a small number of nodes when applying multi-hop routing
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VI. CONCLUSION
The sensing technology and in particular wireless sensor
networks are used in several applications, due to their multiples advantages. However, this type of network has many
challenges to raise. The biggest one is the energy consumption.
To remedy to this problem several techniques have been
proposed and developed, among which the multi-hops routing
strategy.
In this article, we have proposed a multi-path routing
algorithm (MPA), which uses the optimal length hops to
establish multiples optimal paths between a source node and
a destination node. The efficiency of the proposed algorithm
is validated by simulations. The simulation results show that
MPA overcome the SPA algorithm, by limiting the energy
consumption and by extending the networks lifetime.
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Abstract—The main issue in Wireless Sensor Networks (WSNs)
is the energy optimization. Clustering routing approach is a
promising solution and so much used, which can prolong the
network lifetime. In this paper, we aim to improve the dynamic
clustering. The proposed solution uses Silhouette method for determining the optimal number of clusters and K-Means approach
for the process of forming clusters. The process of determining
the number of clusters is triggered when the percentage of
alive nodes decreases under a fixed threshold (5%). Simulation
results show that our proposal significantly improves network
lifetime compared with Distributed K Means routing scheme
and LEACH protocol especially when the number of nodes
increases.
Index Terms—K-Means method; Silhouette method; Dynamic
clustering, Clustering;

I. I NTRODUCTION
Research in WSNs is more and more active due to their
use in many fields such as military field, habitat monitoring,
environment conditions observation, agriculture and smart
home environment. A wireless sensor network consists of a
huge number of sensor nodes able to sense the environment,
process, store and transmit the sensed data through wireless
channels towards one sink or many sinks [1]. Sensor nodes
are generally equipped with low power non-rechargeable battery and their replacement is almost impossible in a harsh
environment. Thereby, energy efficiency has become a major
issue in WSNs due to the limitation capacity of the battery.
In this context, several energy-efficient routing approaches
have been proposed in the literature to deal with the limited
battery life of sensor nodes in order to increase the network
lifetime. Among these approaches clustering is considered as a
promising approach to reduce energy consumption and hence
increase network lifetime [2].
In clustering process, sensor nodes are grouped into clusters
and, from each cluster one node is chosen as cluster-head (CH)
according certain criteria. The latter is responsible for inter and
intra-cluster data management [3]. CHs are able to receive
data packets from cluster members, aggregate them into a
single packet and forward it to the base station. Clustering
is widely followed by researchers to achieve the network
scalability objective, data aggregation/fusion, less load and
more robustness while optimizing energy consumption. Two
types of clustering algorithms can be used: static clustering
and dynamic clustering. In dynamic clustering, clusters are

regenerated after each period while keeping the same number
of clusters during the life of the network, whereas in static
clustering, clusters are formed once and for all during the life
of the network and CHs are selected from cluster members
[4]–[6].
In this paper, we propose a dynamic clustering where the
process of clustering is performed under a predetermined
condition. The clustering process is triggered again when the
percentage of dead nodes represents less than 5% of the alive
nodes and in this case the number of clusters is recalculated
using Silhouette method [7] and the clusters are created using
the K-Means approach [8].
The remainder of this paper is organized as follows: Section
2 presents the related work, Section 3 describes the approaches
used in this paper and Section 4 concerns details of our
contribution. The results and discussions are presented in
section 5. Finally, the section 6 concludes the paper.
II. R ELATED W ORK
Several energy-efficient routing approaches have been proposed in the literature to deal with the limited battery life
of sensor nodes in order to increase the network lifetime.
Among them approaches clustering routing algorithms have
gained much attention in WSNs. In this section, we briefly
review the existing clustering algorithms based on K-means
approach.
In [9], authors proposed a routing protocol called KMVLEACH protocol in which k-medoids method is used for
clustering process and LEACH protocol for cluster-head selection. In order to determine the optimal number of clusters,
a comparison between Gap statistic, CalinskiHarabasz and
Silhouette method has been done. The results show that the
Silhouette method minimizes the energy consumption and
extends network lifetime in WSNs compared to the two others
validity measures.
In [10], authors presented a distributed K-means clustering
approach in which the clustering process is performed by
every sensor node in the network. The results show that distributed clustering is more efficient than centralized clustering
approach in term of clustering process speed. However, energy
consumption is almost the same in both approaches.
In [11], a new strategy for cluster-head election based on
K-means method was developed wherein the authors take into
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account two parameters distance and remaining energy of
nodes. Simulation results show that the proposed approach
reduces energy consumption and prolongs network lifetime.
In [12], authors proposed an energy-efficient hybrid Kmeans approach for WSNs in which they have combined Kmeans approach and LEACH protocol. K-means approach is
used for clustering process and LEACH protocol is used for
cluster-heads selection. The simulation results show that this
protocol is better than LEACH in terms of energy consumption
and network lifetime but the major weakness of this protocol
is the great energy consumption during cluster-head election
process.
In [13] an improved clustering routing algorithm called
LEACH-KED has been proposed. In this protocol, clustering process is performed after each round and cluster-head
selection is based on a weight that represents the ability of
a node to become a CH and K-means method is used to
create clusters. The simulation results show that the proposed
protocol outperforms LEACH [14] and LEACH-C [15] in term
of energy consumption.
In [16], authors presented an approach to find the optimal
number of clusters in networks with mobile base station. In
this approach, they assume that the base station (BS) travels
very close to the cluster-heads to collect aggregated data. This
results in zero attenuation during data collection from CH
by the BS. However, electing CHs throughout the life of the
network may have a negative impact on the network lifetime
since CHs perform several tasks that can drain their batteries
quickly and therefore make the network inoperable.
III. OVERVIEW
Before heading into the technical details of our contribution,
we first give a brief overview of the approaches used in our
contribution.
A. K-means technique
K-Means [8] is one of the simplest unsupervised learning
algorithms that solves the well known clustering problem.
The procedure used by K-Means follows a simple way to
classify a given data set through a predefined number of cluster
(assume K clusters) fixed a priori. The main idea is to define
k centroids, one for each cluster. These centroids should be
placed as much as possible far away from each other. The next
step is to take each point belonging to a given data set and
associate it to the closest centroid. When no point is pending,
the first step is completed and clusters are formed. At this
point we need to re-calculate k new centroids as barycenters
of the clusters resulting from the previous step. After we have
these k new centroids, a new binding has to be done between
the same data set points and the nearest new centroid. A loop
has been generated. As a result of this loop we may notice that
the k centroids change their location step by step until no more
changes are done i.e centroids do not move any more. Finally,
this technique aims at minimizing an objective function, in
this case a squared error function as presented in equation (1).
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J=

k X
n
X
j=1 i=1

kxji − cj k2

(1)

where kxji − cj k2 is a chosen distance measure between
a data point xji and the cluster centre cj , is an indicator of
the distance of the n data points from their respective cluster
centres.
K-means is composed of the following steps:
1) Place K points into the space represented by the objects
that are being clustered. These points represent initial
group centroids.
2) Assign each object to the group that has the closest
centroid.
3) When all objects have been assigned, recalculate the
positions of the K centroids.
4) Repeat Steps 2 and 3 until the centroids no longer
move. This produces a separation of the objects into
groups from which the metric to be minimized can be
calculated.
B. Silouhette method
The concept of silhouette width [7] involves the difference
between the within-cluster tightness and separation from the
rest. Particularly, it provides a quantitative way to measure how
well each item lies within its cluster as opposed to others. The
average silhouette for each point is a measure of how similar
that point is to points in its own cluster when compared to
points in other clusters. The Silhouette value of a data point
is defined as:
S(i) =

b(i) − a(i)
max(a(i), b(i))

(2)

Where, a(i) is the average distance from the ith point to
other points within the same cluster. Let b(i, k) be the average
distance from the ith point to the points in the kth cluster. Then
*b(i)* is the minimum of all *b(i,k)* over all clusters that the
ith point is not assigned to. The value of s(i) is not greater than
one, and that s(i) is close to one indicates that the ith point
lies well within its own cluster.
The silhouette method is composed of the following steps:
• Execute K-means by varying k number of clusters from
1 to max,
• For each k, calculate the average silhouette of observations,
• Plot the curve of avg.sil according to the number of
clusters k,
• The location of the maximum is considered as the appropriate number of clusters.
C. Distributed K-means Method
In [17], the authors proposed a new Distributed K-means
scheme in which clustering process is performed in distributed
manner and cluster-head election process is based on the

node’s weight in which distance and remaining energy are
involved in calculating of the weight according to equation
(3). The proposed routing scheme is carried out in two phases:
set-up phase and steady-state phase. In set-up phase K-Means
method is used for clustering and steady phase is performed in
several rounds. Each round consists of two sub-phases namely
election cluster-head sub-phase and communication sub-phase.
In the first sub-phase, the election of CH process is performed
in distributed manner based on the node’s cost by taking into
account residual energy and distance to centroids represented
by:
Cost(N odei ) = α ∗ Energy +

shows the formation of four clusters after running of Silhouette
method and K-means clustering approach.

β
(3)
dist(N odei , Centroid)

where α + β = 1 α ∈]0.75, 1[ β ∈]0.05, 0.25[
Each node sends its cost to all the members of its cluster.
The node with the greatest cost becomes cluster-head during the actual round. In the second sub-phase each cluster
member sends the collected data to its respective CH in one
hop according to its TDMA time slot. After receiving all
the packets by the CH, the latter aggregates them in one
packet and forwards it to the sink in one hop. This proposed
clustering scheme based on K-Means approach provides better
performance compared to LEACH protocol.

(a) Network Deployment

IV. C ONTRIBUTION
A. Assumptions
In this paper, we assume a sensor network model with the
following properties:
• Nodes are randomly deployed in the environment and are
static,
• Base station is located at the center of the network area,
• Sensor nodes are able to adjust the transmission power
according to the distance that separates it to the desired
node,
• Initially, all sensor nodes have equal energy,
• Location and ID of all nodes are known by the base
station,
• Each node knows its own position.
B. Proposed work
In this section, we proposed a dynamic distributed routing
scheme based on Silhouette method [7] to determine the
appropriate number of clusters and K-Means method [8]to
create clusters. This proposed scheme consists of two phases:
set-up phase, steady-state phase.
During the set up phase, the base station collects the
positions of all the nodes of the network using a localization
system such as GPS (Global Positioning System) and performs
K-means clustering approach after determining the number
of clusters with silhouette method and the positions of the
centroids. When the clustering process is completed the base
station sends an advertisement packet to each sensor node that
is affiliated to a cluster. Figure 1(a) illustrates the random
deployment of nodes in an area of interest and the Figure 1(b)

(b) Clusters generated by K-Means

Fig. 1: Clusters formed by the proposed contribution
The proposed routing scheme is carried out in several rounds
which represent the duration of the set-up and the steady
phases. Set-phase consists of three sub-phases namely determining the number of clusters by Silhouette method sub-phase,
re-clustering sub-phase by K-Means method and cluster-head
selection sub-phase. During cluster-head selection sub-phase,
in each cluster, a cluster-head is elected in a distributed manner
as follows: each member calculates its weight according to
its residual energy and the distance that separates it from
the centroid as presented in equation (3), and sends it to all
the members of cluster to which it belongs. The node with
the greatest weight becomes cluster-head during this round.
Then, each CH sends a TDMA schedule to all members in
its corresponding cluster. The set-up phase is triggered when
the percentage of alive nodes decreases compared to a fixed
threshold and during which Silhouette and K-Means methods
are performed. When the clustering process is completed the
base station sends an advertisement packet to each sensor node
that is affiliated to a cluster. Figure 2 shows the formation of
six clusters after running of the first and the second sub-phases.
Finally, the steady phase starts and during which each
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TABLE I: Simulation Parameters
Parameters

Values

Network Grid
Base Station
εelec
εf riss amp
εtwo ray amp
d0
Transmission Range
Initial energy per node
Number of nodes
P

(0,0)x(100,100) and (0,0)x(200,200)
(50,50) and (100,100)
50 nJ/bit
10pJ/bit/m2
0.0013pJ/bit/m4
87 m
30 m
0.5 J
100, 500
5%

ET x (k, d) =

Fig. 2: Clusters generated in re-clustering phase
member sends the collected data to its respective CH according
to its TDMA time slot in one hop. After receiving all the
packets by the CH, the latter aggregates them in one packet
and forwards it directly to the sink.

(

k ∗ Eelec + εf s ∗ d2 ,
k ∗ Eelec + εamp ∗ d4 ,
ERx (k) = k ∗ Eelec

if d < d0
if d ≥ d0

(4)

(5)

C. Simulation Results

V. E VALUATION AND S IMULATION R ESULTS
In this section, we evaluated the proposed distributed clustering routing scheme and compared their performance to Distributed K-Means routing scheme [17] and LEACH protocol
[14] in terms of energy consumption and network lifetime.
A. Working environment
All simulations were carried out using MATLAB simulator.
We used two scenarios to evaluate the performance of our
proposal. The first scenario consists of a network with 100
nodes distributed randomly in an area of 100m x 100m and
the base station is placed at (50,50) point. The second scenario
consists of 500 nodes distributed randomly in an area of 200m
x 200m and the base station is located at the center of the area
i.e (100,100) point. The second scenario is used to prove the
robustness of our proposal when the number of nodes increases
in the network. In our simulations we assumed that every node
transmits a data packet per round to its respective cluster-head
and the number of clusters in LEACH represents 5% of the
total number of nodes in the network (P = 5%). The parameters
used in the simulation are summarized in the table I.

(a) Network with 100 nodes

B. Radio Energy Model
We used the same energy parameters and radio model
presented in [14], wherein energy consumption is mainly
divided into two parts: receiving and transmitting messages.
The transmission energy consumption requires additional energy to amplify the signal according to the distance from
the destination. To transmit a k-bit message to a distance
d, the radio expends energy as described by equation (4),
where εelec is the energy consumed by radio electronics,
εf riss−amp and εtwo−ray−amp for amplifier. The reception
energy consumption is expressed by equation (5).
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(b) Network with 500 nodes

Fig. 3: Number of clusters formed by the proposed approach

Figures 3(a) and 3(b) illustrate the number of clusters respectively in the network with 100 nodes and the network with
500 nodes. We notice when the number of nodes decreases the
number of clusters increases this is due to the dispersion of
the nodes in the zone of deployment.

(a) Network with 100 nodes

(a) Network with 100 nodes

(b) Network with 500 nodes

Fig. 5: Number of Alive nodes

(b) Network with 500 nodes

Fig. 4: Energy Consumption
Figures 4(a) and 4(b) show energy consumption during
network lifetime. The proposed routing scheme provides better
results compared to Distributed K-Means routing scheme and
LEACH protocol due to the good distribution of energy
consumption during network lifetime. Moreover, in our contribution, the number of clusters formed according to the number
of alive nodes had a positive impact on the performance of our
proposal while in LEACH and distributed K-Means routing
scheme the number of clusters is independent of the number
of alive nodes in the network. In LEACH, this number is equal
to 5 for a network of 100 nodes and 20 for a network of 500
nodes and in distributed K-Means routing scheme it still keeps
its initial value.
Figures 5(a) and 5(b) show the number of alive nodes during
network lifetime. We assume that when the number of alive
nodes reaches 20 in the first network this latter is considered

as no functional network. So in a similar way for the network
with 500 nodes where when the number of living nodes is
less than 100 we consider that it is not functional. In our
contribution, the network restructuring based on the number
of alive nodes has increased the network lifetime compared to
the other two protocols as illustrated by Figure 5.
VI. C ONCLUSION
In this paper, we proposed a new routing scheme for
wireless sensor networks based on Silhouette method for
finding optimal number of clusters and K-Means approach
for clustering process. The proposed routing uses a dynamic
clustering at every decreasing of the percentage of alive nodes
under a fixed threshold (5%) and distributed manner to select
cluster-heads. In clusters, cluster members sent their collected
data to their respective CHs which in turn they sent aggregated
packets directly to the base station.
Simulation results shown that our proposed routing scheme
achieves lower energy consumption and longer network lifetime compared to LEACH protocol and Distributed-k-Means
routing scheme due to the formation of clusters according to
the number of alive nodes as well as their positions. Moreover,
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the performance of the proposed routing scheme is still better
even for networks with a large number of nodes.
R EFERENCES
[1] I. F. Akyildiz and I. H. Kasimoglu, ”Wireless Sensor and Actor Networks: Research Challenges”, Ad Hoc Networks Journal, vol. 2, no. 4,
pp. 351–367, 2004.
[2] A. Gachhadar, O. N. Acharya, ”K-means Based Energy Aware Clustering Algorithm in Wireless Sensor Network”, International Journal of
Scientific & Engineering Research, vol. 5, no. 5, pp. 156-161, 2014.
[3] C. Sivaraj , P. J. A. Alphonse and T. N. Janakiraman, ”Energy-efficient
and Load Distributed Clustering Algorithm for Dense Wireless Sensor
Networks”, International Journal of Intelligent Systems and Applications, vol. 5, pp. 34–42, 2017.
[4] M. Busse, T. Haenselmann and W. Effelsberg, TECA: A topology and
energy control algorithm for wireless sensor networks, In Proceedings
of the 9th ACM/IEEE International Symposium on Modeling, Analysis
and Simulation of Wireless and Mobile Systems, Malaga, Spain, October
2006.
[5] Y. Chen and S. H. Son, A fault tolerant topology control in wireless
sensor networks, In Proceedings of ACS/IEEE International Conference
on Computer Systems and Applications, Cairo, Egypt, January 2005.
[6] R. Ghosh and S. Basagni, Napping backbones: Energy-efficient topology
control for wireless sensor networks, In Proceedings of IEEE Radio and
Wireless Symposium, San Diego, USA, January 2006.
[7] L. Kaufman and P. Rousseeuw, ”Finding Groups in Data: An Introduction to Cluster Analysis”, New York: J. Wiley & Son, 1990.
[8] J. B. MacQueen, Some Methods for classification and Analysis of
Multivariate Observations, In Proceedings of 5th Berkeley Symposium
on Mathematical Statistics and Probability”, Berkeley, University of
California Press, pp.281-297, 1967.
[9] A., Mahboub, E. M. En-Naimi, M. Arioua and A. Hatim, Performance
Evaluation of Cluster Validity Methods an Energy Optimization in
Wireless Sensor Networks Using Hybrid K-Medoids Algorithm, In
Proceedings of BDCA’20717, March 2017, Tetouan, Morocco.
[10] P. Sasikumar, S. Khara, K-means clustering in wireless sensor networks,
In Proceedings of 4th International Conference on Computational Intelligence and Communication Networks, pp.140-144, 2012, .
[11] S. Randhawa and S. Jain, ”Performance Analysis of LEACH with Machine Learning Algorithms in Wireless Sensor Networks”, International
Journal of Computer Applications, vol. 147, no. 2, pp.712, 2016.
[12] A. Mahboub, M. Arioua, and E. M. En-Naimi, Energy-Efficient Hybrid
K-Means Algorithm for Clustered Wireless Sensor Networks, International Journal of Electrical and Computer Engineering (IJECE), 7(4),
p.2054-2060, 2017.
[13] J. Yunjie, L. Ming, Z. Song and D. Pengtao, A clustering routing
algorithm based on energy and distance in WSN, IEEE, International
Conference on Computer Distributed Control and Intelligent Enviromental Monitoring, 2012.
[14] W. Heinzelman, A. Chandrakasan and H. Balakrishnan, ”An applicationspecific protocol architecture for wireless microsensor networks”, IEEE
Trans. Wireless Communications, vol. 1, n. 4, pp. 660–670, 2002.
[15] V. Geetha et al., ”Clustering in wireless sensor networks: Performance
comparison of LEACH and LEACH-C protocols using NS2”, Procedia
Technology, vol. 4, pp. 163-170, 2012.
[16] C.P. Gupta and A. Kumar, ”Optimal Number of Clusters in Wireless
Sensor Networks with Mobile Sink”, International Journal of Scientific
& Engineering Research, Vo. 4, no. 4, pp.1706–1710, August 2013.
[17] M. Lehsaini and M. B. Benmahdi, An improved K-means cluster-based
routing scheme for wireless sensor networks, International Symposium
on Programming and Systems (ISPS), pp. 1–6, Algiers, 2018.

126

International Conference on Artificial Intelligence and Information Technology, ICA2IT'19

Intrusion Detection System based on MDT
1st Faiz Maazouzi
Department of Computer Science,
University of Souk
Ahras, Souk Ahras, 41000 Algeria.
mazouzi@labged.net

2nd Akram Boukhamla
Department of Computer
Science,University of Kasdi Merbah,
Ouargla, Algeria
akr_lmd@hotmail.com

Abstract—Nowadays, information systems are more and more
open on the Internet. This opening, a priori beneficial,
nevertheless poses a major problem: it results in a growing
number of attacks. The establishment of a security policy around
these systems is therefore essential. In this paper, we will see how
to protect ourselves effectively against these intrusions, and also
we present our system based on MDT (Multi Decision Tree),
which represents a new technique for the data mining field. The
objective of this work is to improve of intrusion detection
systems.
Keywords—MDT; formatting; information systems; intrusion
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I.

Introduction

The Internet and computer networks are exposed to an
increasing number of security threats. And with the
continually appearing new types of attacks our aim is to
discuss the feasibility of monitoring the traffic of different
networks, to analyze it for providing better security. With so
much advancement in hacking, if attackers try hard enough,
they will eventually succeed in infiltrating the system. This
makes it important to monitor what is taking place on a system
and look for suspicious behavior. Intrusion Detection Systems
do just that.
This security mechanism can be implemented using an
Intrusion Detection System (IDS) which can be described as a
collection of software or hardware device able to collect,
analyze and detect any unwanted, suspicious or malicious
traffic either on a particular computer host or network.
Therefore, to achieve its task, IDS should use some statistical
or mathematical method to read and interpret the information
it collects and subsequently reports any malicious activity to
the network administrator.
Our goal is to reduce IDS false alarm rate, since there is no
denying of the existence of misdiagnosis of attacks. To
achieve our objective, we used MDT method, so we improved
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our results and we obtained promising results in term of false
alarm reducing.
II.

Overview of the most recent
network attack types

DDoS
DDoS (Distributed Denial of Service) is an attack type
which tries to get a target unavailable by overwhelming it with
network traffic from multiple sources. Another description of
DDoS, given by WWW Security FAQ (Lincoln and John,
2003), states that is an attack designed to render a computer or
network incapable of providing normal services. (Specht et al,
2004) have proposed taxonomies to characterize the scope of
DDoS attacks, they have considered two main classes of
DDoS: bandwidth depletion and resource depletion attacks.
The bandwidth depletion is performed to deny legitimate
traffic from achieving target (victim) by flooding victim
network with unwanted traffic. While resource depletion
attacks serve to tie up the resources of victim’s system,
making the victim unable to respond to clients’ requests.
Port scan attacks
Port scan attack is the first step in remote-to-local (R2L)
attacks (Kim and Jee-Hyong, 2008). This type of attack
attempts to know which ports are open by scanning a range of
hosts’ ports. The process of scanning itself is typically
harmless, but could yield to a network attack, since the
attacker could find potential vulnerabilities inside the victim
host and therefore gain access to its services. Port scan attacks
can be classified into open scan, half-open scan and stealth
scan. Each of the cited categories aims to identify the open
ports of a target host.
There are two scenarios that can occur while port scanning,
either port is open: the attacker reveals that by 3-way TCP/IP
handshake process termination; or port is closed: where the
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registered network traffic is as follows: clientSYN
(Synchronize), serverRST/ACK (Reset/ Acknowledge),
clientRST (Reset).

OpenSSL in 2014. This vulnerability allowed attackers to
remotely dump protected memory—including data passed
over secure channels and private cryptographic keys—from
both clients and servers (Durumeric et al. 2014).

Botnet
The term Botnet is composed from two words ‘robot’ and
‘network’. It is a software piece that can infect to computers,
servers, smartphones, and potentially to any internet connected
device, in order to get user’s information or serve as a remote
control for an attacker who can start other kinds of distributed
attacks (i.e. DDoS).
Web attacks
Most well-known web attacks are brute force, XSS and SQL
injection cited below:
a) Brute force
According to IBM (IBM, 2017), brute force is an attack that
uses a repetitive method of trial and error to guess username,
password, credit card number, or cryptographic key of victim.
An attacker could launch a brute force attack by trying to
guess the user ID and password for a valid user account on the
web application. If the brute force attempt is successful, the
attacker might be able to access confidential information.
b) Cross-Site Scripting (XSS)
Cross-Site Scripting attacks (sometimes referred to as XSS)
are attacks on websites that dynamically display user content
without checking and encoding information entered by users.
Cross-Site Scripting attacks thus consist in forcing a website
to display HTML code or scripts entered by users. The code
thus included (the term "injected" is usually used) in a
vulnerable website is said to be "malicious".
c)

SQL Injection

This type of attacks has, specially, web-servers as target, since
it is a common language used in database servers (SQL). To
get access to the information contained in the database server,
attackers insert customized queries to obtain critical
information such as personal information, passwords, or credit
card numbers for further malicious purposes. Also, such as the
case for web-servers that contains a Content Management
System (CMS), it is possible to insert arbitrary code as a
database register and execute it, thanks to any vulnerability of
the CMS. Usually, most of the SQL injection attacks infect
vulnerable server, it may be possible for an attacker to go to a
website's search box and type in code that would force the
site's SQL server to dump all of its stored usernames and
passwords for the site.
Heartbleed
Heartbleed vulnerability was intentionally introduced by a
developer in 2011 and it has been officially revealed by
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III.

Decision Tree

Decision trees are the most popular methods of machine
learning and they are widely used in the field of data mining.
Decision trees are a representation of classification functions,
less easy than production rules, but easier to use. A decision
tree is used to classify an object using questions: each node in
the tree represents a question, each link is an answer to the
question, and each sheet is a class. In general, the construction
of the decision tree is a recursive process [1].
A decision tree is in the form of a tree structure where:
each internal node is assigned, each branch corresponds to an
attribute value and each leaf node is assigned to a ranking.
Then, a decision tree can be used to classify an example
starting from the root of the tree and moving through it to a
leaf node, which provides the ranking of the instance.
A. Decision tree algorithm
 ID3 (inductive decision tree) proposed by [2]. It is
based on the Hunt algorithm (one of the first
algorithms) [3]. Like other decision tree algorithms, the
tree is built in two phases; the growth of PRUNIN trees
and trees [4]. IDE3 uses the measure of the information
gain in the choice of the splitting attribute. It only
accepts categorical attributes in the construction of a
tree model [3].
 C4.5 is the successor to ID3. Proposed by [Quinlan,
1993]. This algorithm is implemented in several data
mining tools like [5]. It is based on the algorithm of
Hunt also as ID3, it is implemented in series. Pruning
C4.5 does this by replacing the inner node with a leaf
node thereby reducing the error rate [6]. Unlike ID3,
C4.5 accepts continuous and categorical attributes in
the construction of the decision tree. It has an improved
tree pruning method that reduces noise due to
misclassification or too many details in the training
data set.
 CART (classification and regression trees) was
proposed by [7]. The construction of a decision tree by
CART is based on the binary sharing of attributes [6].
It uses the Gini index metric for selecting the split
attribute. Pruning is done in CART using part of the
training data set [7]. CART uses numerical and
categorical attributes for the construction of the
decision tree and has built-in features that deal with
missing attributes [8]. CART is unique compared to
other algorithms, and is also used for regression
analysis using regression trees [8]. The function of
regression analysis is used in predicting a dependent
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variable (result) given a set of predictor variables over
a given period of time [6].

Fig. 1. Genral Idea

C5 is a newer version of ID3 and C4.5 algorithms. It was
implemented in commercial software, and it is not
possible to have the details.
IV.

Description of NSL-KDD

KDD’99 dataset was developed by the MIT Lincoln Labs [13]
and was extensively used by researchers during the last
decade. The entire dataset is very large and contains many
attributes variables. Therefore, NSL-KDD is an enhanced
dataset which contains fewer records. The classes or labels in
the NSL KDD dataset are divided into four categories which
represent the attack class and one as normal traffic [14]:
i. Denial of Service (DoS): This attack aims to block or restrict
a computer system or network resources or services.
ii. Probe: here the intruder aims to scan for information or
vulnerabilities in a network or computer system, which later
on will be used to launch attacks.
iii. Remote to Local (R2L): Here the intruders gain remotely
unauthorized access to a computer system over a network by
sending data packet to that system.
iv. User to Root (U2R): Here the intruder gains access to a
user with normal privilege and later on try to access a user
with administrator or root privilege.

V.

Machine learning research initiated in the early 1990s
shows that a decision as precise as desired can be achieved
by a judicious combination of imperfect but properly
trained experts.
A. Construction of ensemble of classifieurs
Many approaches have been proposed to build ensemble of
classifier such as:

Ensemble of classifiers

• Use the prior knowledge of the problem and / or the
learning system: this method consists of varying the type
of classifier used, the architecture, the parameters to create
additional classifiers

Machine learning methods learn to identify the
subspace of the input space for which the solution is
identical. When a new case is submitted to the system, the
system identifies the corresponding subspace and returns
the associated response.

• Inject randomness: for example the algorithm for
gradient backpropagation in an MLP is often performed
multiple times using different (random) initial conditions
(synaptic weights)

Other families of algorithms distribute the task between
several machine learning methods and combine the partial
solutions to obtain the general solution. Machine Learning
is then about finding partial solutions and finding an
effective way to combine them. When the combination of
expert answers (machine learning systems) does not
depend on input, it is called static combination. The
boosting and bagging methods, which are currently very
much studied, are the archetype of this approach. When the
combination depends on the input, we then speak of
dynamic structures, of which expert mixtures and
hierarchical mixtures of experts are the most representative
methods.

• Manipulate learning data: consists in training N
classifiers on N different bases (cross-validated
committees), bagging, boosting
• Manipulate input characteristics:
characteristics, Random subspace method

noise

input

• Manipulate output characteristics: this method consists of
partitioning all classes in different ways (ECOC).

VI.

Proposed technique (MDT)

The objective of a multi-classifier based on machine
learning methods is to construct a set of predictive models and
combine their results into a single prediction [9].
In this context, several contributions of learning methods
are proposed [10]. The goal of our research is to improve the
classification and prediction process with decision trees. In
this context, in recent years, several methods have been
developed, such as bagging decision trees [11], Random
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Forest Decision Tree [12] and Boosting Decision Trees or
BDT (Boosting Decision Tree) [13].
The two most recognized algorithms in the field of data
mining are: CART [Breiman et al., 1984] and C5 (the most
recent version of ID3 and C4.5 [6]). These algorithms are used
for their performances [9].
Maazouzi and bahi [9] proposed a new method called
MDT (Multi Decision Tree) for data mining, this method is
based on decision trees. In this section we presented MDT
algorithm. The process of MDT modeling and classification is
shown in the following figure:
Fig .2. General scheme of MDT [9]

Note: In our study we applied the decision tree algorithm
(C4.5) to construct each tree in the model.

B. Classification phase
In this section, we present the decision process in the MDT
method. Let Pr be a problem of M classes such that CM
represents the class M [Maazouzi and Bahi, 2012a].
The purpose of the decision process is to calculate the PC
percentage that a test data belongs to the CM class.
The first step is to compute x, which is a variable used to
calculate the weight (Pi) of a layer of the equation.

∑
n represents the number of layers in the model.
The second step in the decision process is to calculate the
weight (Pi) for each layer

Such as:

.
In what follows, we present the two steps of Multi decision
tree (MDT): the learning phase to determine the characteristics
of classes and the recognition phase (classification)

∑
(4)

A. Traning phase
Our model consists of organizing decision trees combined
in the form of a network. Where, the decision tree represents a
graphical representation of a classification process.

In the next step we calculated the probability (PCi) of the CM
class for each layer i (i = 1 ... n)

As in the Decision Tree Bagging and Forest Decision Tree
methods, our method is an aggregation of several decision
trees as basic classifiers. The goal of using our method is to
improve the process of learning and classification using
decision trees.
In our system we have partitioned the data into sub-bases,
and for each sub-base we build a different tree. So for each
tree a class can depend on a different attribute Model
construction is done in three stages [Maazouzi and Bahi,
2012a]:
1) The first step is to choose the number of layers n.
2) In the second step we have built sub-base (SB) for each
layer such that the number of attributes in each layer is:
(1)
3) The final step is to apply the decision tree algorithm
(C4.5) [Adrian et al., 1996] for each SB.
In this phase the number of layer always depends on the
database size, if the size of the tree is large the number of
layers is large and vice versa.
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and

Pi

>

Pi-1

∑

where

{
The last step is to calculate PC such as:

∑

Finally, we got a percentage for each class. So, to give an
example to classify, it belongs to the class with the highest
percentage.
VII.

Proposed technique (MDT)

In this experiment, we present a comparative study of the
MDT classification technique.
In this session, we change the number of layers and
calculate the reminder and precision for each number.
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The dataset was divided into two groups, the learning set,
which comprises 80% of the training data and 20% the test
data.
Fig. 5. The F1 of MDT

We compare the results of the MDT system for each layer.
to do this, we calculate the precision and the recall of this
techniques. The results are shown in Figure

F1
95

Fig. 3. The Precision of MDT
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The accuracy of the MDT is high for most numbers
of the layers used for testing, which is highly needed.
 The highest accuracy is obtained using MDT with n =
6 (96.1%).
According to the experiments and the analysis of the results
presented in this document, one notes that the technique MDT
is preferable to classify the data sets with a better precision.
This can be explained by the fact that aggregation of
classifiers is better than a single classifier. On the other hand,
sharing learning examples implies that, for a given example, it
will encounter more and more precise trees as we advance in
layers.

Fig. 4. The Recall of MDT

Recall
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VIII.
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Conclusion

In computer security, intrusion detection is the act of detecting
actions that attempt to compromise the confidentiality,
integrity, or availability of a resource. Intrusion detection can
be done manually or automatically. In the manual intrusion
detection process, a human analyst examines log files for any
suspicious signs that may indicate an intrusion. A system that
performs automated intrusion detection is called the Intrusion
Detection System (IDS). In this paper, we used system of IDS
based on MDT. Experimental results show that our system
improves the predictions of intrusion detection.
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Abstract—This paper proposes a Particle Swarm
Optimization Algorithm for Image Clustering, with modified
updating mechanisms for particle position. Confinement, wind
dispersion and their combination are introduced, compared
against standard PSO based clustering and applied on a set of
gray-level MRI Brain images. Experimental results show that the
PSO-based image clustering with modified updating position
performs better than the standard PSO by engendering more
compact and well separated clusters.
Keywords—Particle Swarm Optimization, Image Clustering,
Confinement, Wind dispersion.

I. INTRODUCTION

I

image processing and computer vision, image
segmentation is a fundamental problem aiming to
partition an image into several sub regions with
homogeneous properties such as intensity, color or texture.
Several survey papers related to image segmentation
techniques exist in the literature [1-2]. Nevertheless, there is
no universal segmentation method that can be applied for all
images and the elaboration of an image segmentation
algorithm depends on the type of image and the application
field.
N

Data clustering is an attractive approach to find similarities
between data and bring them closer into same groups.
Clustering partitions a data set into a number of groups such
that the similarity within a group is bigger than that between
others. The proposal of data grouping, or clustering, is
straightforward in its reasoning and analogous to the human
thoughts who tend to summarize information in smaller
collections for further analysis [3]. Clustering algorithms have
been used in diverse applications of image processing, among
them segmentation techniques.
Indeed, image segmentation could be seen as a clustering
problem where the features describing each pixel correspond
to a pattern, and each image region corresponds to a cluster [45].
Recent developments in applied and heuristic optimization
have been strongly inspired by biological and natural system,
such as genetic algorithms, evolution strategies and socio-
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biological optimization techniques: among them, particle
swarm optimization (PSO).
PSO is a simple but efficient stochastic, adaptive and
population-based optimization technique proposed by Kennedy
and Eberhart [6].
The advantages of modeling optimization problems using
this ethological paradigm are multiple: The model is less
complex, it achieves inherently better in multidimensional
metric and the convergence rate to optimal solution is faster
[7].
Since the inception of PSO technique, various
developments have been reported in the literature. Omran,
Engelbrecht and Salman are pioneers in applying PSO to
image clustering [8-9]. It has been shown that PSO-based
image clustering can have better performance than common
clustering methods as k-means by generating more compact
clusters and larger inter-cluster separation.
The philosophy of PSO approach is about maintaining a
population of individuals. Each one is a potential solution of
the optimization problem, in multidimensional search space.
The particle moves through this space, by updating its position
based on its distance from bests positions found by itself or
other (neighboring) particles in the swarm. Therefore, the
updated position of the particle is a new potential solution to
the considered problem. This result is calculated through a
fitness function that gives a quantitative rate of the solution
efficiency [10].
In this paper, an improvement of PSO is used as clustering
technique in medical images segmentation. The confinement
mechanism [11] combined to the wind dispersion [7] as
proposed in [12] are tested with various images to achieve
image clustering. Furthermore, a comparison is made between
the proposed approach and the standard PSO presented in [9].
To achieve this, an overview of PSO is presented in Section
II. Section III describes the related works in PSO-based image
clustering. The proposed approach is described in Section IV.
Experimental results, on a database of images, are provided in
Section V. Section VI concludes the paper and gives future
directions.
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II. PARTICLE SWARM OPTIMIZATION (PSO)
PSO starts with the random distribution of a swarm of
particles in the n-dimensional search space (n represents the
dimension of problem). Each particle represents a potential
solution to the optimization problem. The particle flies over
search space, and has its own velocity (vi), its own best value
which is the best position achieved so far (pbest) and the best
value of its neighbors [6]. When the neighborhood of a particle
is the whole swarm, the best position is referred to as the global
best solution (gbest). For local best position, the population is
divided into overlapping neighborhoods of particles and for
each of them, a best particle is determined (lbest).
In combination, the particles personal experience "Personal
best (pbest)" and its global best neighbor's experience (gbest)
influence the movement of each particle through the search
space.
In n-dimensional search space, the position and velocity of
each particle i are represented as the vectors Xi = (xi1,......,xin)
and Vi = (vi1,......,vin), respectively. In searching the optimum
solution of the problem, the particle’s velocity and position are
updated as follows:
(

)

(1a)
(2a)

where c1 et c2 are acceleration factors known as cognitive
and social parameters that pick the degree of the attractions in
the direction of pbest and gbest; r1 and r2 are two random
numbers produced by a uniform distribution in the interval
[0,1]; k is iteration index; is inertia weight.
The Linear Decreasing of Inertia Weight PSO (LDIW-PSO)
was introduced into the standard PSO algorithm by Shi and
Eberhart in [13]. By employing adapting strategy for adjusting
the inertia weight, the performance of PSO has been greatly
improved.
(3)
where wmax is set to 0.9 and wmin to 0.4 are the values
generally used [14]; k is the current iteration number and kmax is
the maximum iteration number.
It is common that the velocity of each particle in the
swarm, is maintained in the range of vmax and vmin , to prevent it
from exploding, thus causing premature convergence [10].
The velocity clamping is given by the following equation:
(

(

)

)

(1b)

PSO algorithm performs repetitive updating of the above
equation to certain reached iteration, or until the change in
velocity is close to zero. Quality is measured by using a
particle fitness function which reflects the optimized solution.
The PSO algorithm is shown in the following pseudo code
(extracted from [17]):
Begin PSO Algorithm
Input: function to optimize, f
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swarm size, ps
problem dimension, d
velocity range [vmin , vmax]
Output: X : the best value found
Initialize: for all particle in problem space
Xi = (xi1,........xin)
Vi = (vi1,.......,vin),
Evaluate f(Xi) in d variables and get pbesti, (i = 1,...ps)
gbest  best of pbest,
Repeat
Calculate w based on eq. (3)
Update vi for all particles using (1a)
Limit the velocity to the range [vmin, vmax] by eq(1b)
Update Xi for all particles using eq.(2)
evaluate f(Xi) in d variables and get pbesti, (i=1,...ps)
if f(Xi) is better than pbest then
pbest  Xi
if the best of pbest, is better than gbest then
gbest  best of pbest,
Until Stopping criteria (e.g. maximum iteration or tolerance
is reached)
X  gbest
return X
End PSO Algorithm
The particle fitness function (Xi) plays an essential role in
any evolutionary algorithm; since it quantifies how good a
solution is.
III. PSO- BASED IMAGE CLUSTERING AND RELATED WORK
One of the pioneering works in the field is the algorithm
proposed in [8]. The authors used gbest PSO algorithm with a
fixed number of clusters:
The following notations are used:







Np denotes the number of image pixels to be clustered
Nc denotes the number of clusters to be formed
Zp denotes the p-th pixel
mj denotes the mean of cluster j
Cj denotes the subset of pixel vectors that form cluster j
Cj denotes the number of pixels in cluster j.

A particle represents the Nc cluster centroids, encoded in
vector: Xi = (mi1,........,min). The value of each particle is
considered by the fitness function. The PSO-based image
clustering can be summarized in the following pseudocode:
Begin PSO-based image clustering Algorithm
Input: fitness function, f
swarm size, ps
velocity range, [vmin , vmax]
Output: x : the best value found
Initialize: for all particle in problem space
Xi = (mi1,........min)
Vi = (vi1,.......,vin),
Evaluate f(Xi) in d variables and get pbesti, (i = 1,......ps)
gbest  best of pbest,
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Repeat
for each particle i
for each pixel Zp
Calculate d(Zp,mij) for all clusters Cij
Assign Zp to Cij where
̅
(8)

(
)
( (
))
k
Calculate the fitness function f(Xi , Z)
Calculate w based on eq. (3)
Update vi for all particles using (1a)
Limit the velocity value by eq. (1b)
Update the cluster centroids using eq (2a)
evaluate f(xi) in d variables and get pbesti,
(i=1,...ps)
if f(xi) is better than pbest then pbest  xi
if the best of pbest, is better than gbest then
gbest  best of pbest,
Until maximum number of iteration is reached
x  gbest
return x
End PSO-based image clustering Algorithm
In the context of image clustering problem, the clusters
reached are image elements. These image components can be
pixels, regions, line elements, etc. Different measures can be
used to express the quality of obtained clusters.
The most common performance
quantization error Je is defined below:
∑

[∑

(

)] |

measurement

is

|

(4)
where:
(
(

√∑

(

) )

(5)

The intra-cluster distance ̅
is the average of maximum
Euclidean distance of particle to its associated class, and is
defined as:
{∑

|

|}

(6)

̅
with smaller value, means that the clusters are more
compact.
A further measure of quality is the inter-cluster separation. It
is calculated by the minimum Euclidean distance between any
couple of clusters and is defined below:
{

}

The objective of the fitness function defined in eq. 8 is to
minimize the intra-cluster distance ( ̅
), and the
quantization error ( ) while maximize the inter-cluster
separation (
).
Authors in [9], applied the PSO to clustering image and
obtained better performance than other clustering algorithms.
Wong and Yeh. in [17], proposed an image clustering
algorithm using PSO with two improved fitness functions and
their conclusions corroborated with conclusions in [9].
Lahmiri and Boukadoum. [18] compared the segmentation
performance of PSO, the fractional-order Darwinian particle
swarm optimization and Darwinian particle swarm
optimization against fuzzy c-means algorithm and Otsu
segmentation technique. They showed that PSO based
algorithms outperformed other segmentation techniques. More
recently, authors in [19] proposed a new initialization
approach for the fuzzy C-means algorithm based on Fuzzy
Particle swarm optimization and was evaluated on several MR
brain images. The proposed approach improves segmentation
results.
IV. PSO-CW IMAGE CLUSTERING

) is the Euclidean distance.

̅

where w1 , w2 ,w3 are user defined constants that establish
the relative weights of intra-cluster distance ( ̅
), intercluster separation (
) and quantization error ( ) in the
fitness function. zmax is the maximum pixel value in the image
set, which is 255 for 8-bit grayscale image used in this work. Z
is a matrix representing the assignment of pixels to clusters of
particle i.

(7)

the more its value is great, more the clusters are well
separated.
The above three criteria have been used by [9] to express the
fitness function as shown in eq. 8:

From the literature, the standard PSO algorithm, is known
to have a shortcoming of premature convergence in solving
complex problems, due to lack of enough momentum for
particles to do exploitation as the algorithm approaches its
terminal point [15].
In standard PSO, the particle swarm frequently gets
attracted by suboptimal solutions, causing premature
convergence of the algorithm and swarm stagnation. Once the
particles have been attracted to to stable points that are not
necessarily global optima, they continue the search process
within a minuscule region of the solution space, and escaping
from this local optimum may be difficult.
Once the particles have converged prematurely, they
continue converging within extremely close proximity of one
another so that the global best and all personal bests are within
one minuscule region of the search space, limiting the
algorithm exploration[16].
Several approaches have been proposed in the literature
aiming to improve the exploratory capabilities of the swarm.
Among them, three mechanisms are presented in this paper.
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Confinement mechanism proceeds by restraining position
changes to an interval [11], the following equation illustrates
that:
(

(

)

)

(2b)

where xmin and xmax are de search space range.
If any change are made then

(9)

Used for a classification task in [12], replacing equation
(2a) by equation (2b) could led to a spectacular improvement
of the classification accuracy.
The second modification is the introduction of the wind
dispersion. As described in [7], the classical PSO doesn't
consider the dynamics of the nature. To model the biological
atmosphere for position update of the particles, a reproduction
of wind speed and wind direction have been made. The
subsequent equations represent the introduction of wind
component:
(10)

Fig. 1. Examples of MRI images from the used database.

In order to study the robustness and effectiveness of the
modified update position, whole images are used without any
preprocessing step.
B. Parameter values

The position update equation becomes:
(2c)

where vw is the wind velocity, vop is the opposing direction
sets to -1 and vsu is the supporting direction sets to 1. The
influence of the wind speed in the movement of the particles
can be summarized in two points the opposing or supporting
effects. The opposing effect slows down the particle to attempt
the group global best solution, where the supporting effect
increases the particle velocity in reaching in global best
solution. Therefore, that lets particles to experiment different
dynamics of atmosphere. In the case of equality of opposing
and supporting direction wind velocity values, a statistic
atmosphere is reproduced.
Once combining this with confinement, the following
equation is obtained for updating position, as proposed in [12]:

Table I provides the parameter values used to perform
standard PSO and PSO-CW searches. In this work, the number
of particles used, the number of iterations, the initial velocity
wind and the weights of fitness functions have been set
empirically, after multiple experiments.
TABLE I.

Standard PSO

Parameter
Number of iterations

150

150

Population

50

50

ws

0.9

0.9

we

0.4

0.4

Vmin

-5

-5

Vmax

5

5

(

)

)

(2d)

The initial values of wind speed along the direction plays
an important role in determining the final convergence of the
particles in the optimal solution [7].
A. Data set:
In the present work, the standard PSO and the proposed
approach PSO with Confinement and Wind (PSO-CW) for
image clustering, have been applied to a proprietary database
of sixty-three view of brain magnetic resonances images
(MRI), an example is shown in Figure (1).
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PSO-CW

Xmin

0

Xmax

255

Vw

(

INITIAL PARAMETERS

0

C1

2

2

C2

2

2

Number of cluster

8

8

W1

0.1

0.1

W2

0.1

0.1

W3

0.8

0.8

V. RESULTS AND DISCUSSION
A. Evaluation Metrics
Performance comparison is following three aspects:
1) Compactness: measures the density of the created
clusters, how compact are these clusters, since data on the
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same cluster should be similar. This is made by the intracluster distance, ( ̅
).
2) Separation: the clusters should be as far as possible of
each other. For this purpose, the inter-distance is used,
(
).
3) quantization error :( ) is the average distance between
a sample x and its representation mj to be minimized.
The number of clusters is chosen to be 8 for both PSO
clustering to allow a fair comparison of their performance as
proposed in [9].
The number of particles used is problem-dependent. The
common choice of number of particles varies from 20 to 50
[20].
The settings of acceleration constants C1, C2 and the inertia
weight are based on the recommendation made in [15].

standard algorithm. This performance index indicates that the
patterns of a cluster in proposed PSO-CW are very close and
compact around the cluster center. The lower value of the
average quantization error index indicates that the samples are
better assigned to their respective clusters than in standard
PSO results.
Additionally, the PSO-CW algorithm is more stable and
robust compared with standard PSO shown by low values of
standard deviation.
Although, the investigation in the convergence of the two
approaches, are made over a large number of images. In
Figure (2) the obtained clusters for only two images from
those presented in Figure (1). Visually, the proposed algorithm
achieves a good clustering effect and provides more details
than standard PSO, specially to surround a specific area as
suspicious region and tumors. For better visualization, the
clusters are displayed in false color map.

the relative weights w1, w2, w3 in the fitness function and
the min, max values of the velocity are those used by Omran
in [9].
Since PSO algorithms are stochastic models, all
experiments are performed twenty-five independent runs on
each image and average of the intra-cluster, inter-cluster and
quantization error obtained, are reported as evaluation criteria,
with standard deviations to indicate the range of values to
which the algorithms converge.
B. Results
Based on the algorithm described in the section III,
modified by mechanisms presented in section IV, the average
and standard deviation of intra-cluster distance, quantization
error and inter-cluster distance are summarized in Table II for
both approaches and the best values are shown in bold. The
standard deviation for each index is given to check the
stability of algorithms.
It is observed from the table II that PSO-CW performs
well in comparison with standard PSO. The average intercluster distances are reported with the maximum value in
almost MRI image clustering experiments in comparison with
the standard PSO. This indicates that the clusters are well
separated and the frontiers between them are well defined.
Also, the average intra-clusters distances are presented with
the minimum values in most experiments comparatively to the
TABLE II.
MRI
1
2
3
4
5
6
7

Je
7,54820,2291
6,39920,3972
7,44770,1873
7,49350,1823
7,82680,1559
5,67310,6261
6,95680,1841

(a1)

(b1)

(c1)

(a2)

(b2)

(c2)

Fig. 2. (a1) Original MRI normal image, (a2) Original MRI image
containing a mass, (b1) Standard PSO-based image clustering using only
weighted quantization error, inter-cluster distance & intra-cluster
distance (8 clusters) applied to image (a1), (b2) Standard PSO-based
image clustering using only weighted quantization error, inter-cluster
distance & intra-cluster distance (8 clusters) applied to image (a2), (c1)
PSO-based image Clustering using weighted quantization error, intercluster distance & intra-cluster distance with the modified updating
position (8 clusters) applied to image (a1), (c2) PSO-based image
Clustering using weighted quantization error, inter-cluster distance &
intra-cluster distance with the modified updating position (8 clusters)
applied to image (a2).

COMPARAISON OF STANDARD PSO AND THE PROPOSED APPROACH PSO-CW

Standard PSO
d_max
12,75753,3270
9,47381,7013
11,95953,2428
10,69941,3457
10,53361,7422
9,16710,2262
10,94782,2451

d_min
27,87144,5002
21,97474,6395
29,37814,6362
27,78233,5578
31,34222,4129
17,64924,2403
25,79162,4416

Je
7,59600,1297
6,28720,3911
7,35350,1333
7,46480,1513
7,59590,0466
5,54640,3986
6,54940,1521
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PSO-CW
d_max
10,79710,9527
8,69941,7656
10,90851,7270
10,68391,5946
8,96590,5762
9,15370,5448
8,72661,7629

d_min
30,37423,2804
23,33893,6565
29,86674,0106
27,46294,5040
31,81052,2582
18,39363,8482
24,65472,9677
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8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63

7,41910,4731
5,93240,2688
7,22030,2399
7,37700,2801
7,32310,2675
7,43010,1631
7,00360,4412
7,19700,2151
5,49830,2102
6,42010,2333
6,74900,3649
5,41940,2925
7,49010,3113
5,59580,5438
6,65170,5670
5,77470,5859
6,34050,7053
5,50340,2150
7,14640,3404
5,68650,2598
7,22580,2469
6,76090,2544
7,19520,2927
7,34600,2920
7,15600,3332
6,63821,1908
5,34480,1838
7,59820,2887
6,80420,2118
7,07190,2964
7,16730,4892
7,68850,4353
7,52180,2487
6,37940,1640
6,86330,1004
6,79170,2252
6,29270,2607
7,43810,3396
7,10430,2936
6,71790,3066
7,23770,0666
5,90320,3747
6,43520,1894
6,66900,2145
5,89440,5498
5,93280,2745
7,36420,1651
6,66510,2121
6,68580,9305
4,38300,2192
7,35420,1512
7,03890,3969
6,98540,3671
7,41940,2301
7,06560,2797
6,89270,2880

10,56933,3651
8,72980,7683
11,39752,0042
10,42181,1067
10,48382,1152
11,25851,5872
10,81471,9387
9,68280,9952
7,28700,7080
8,72981,3383
9,28091,7551
9,18210,2860
10,59081,1381
12,48380,9562
12,04642,4716
11,07161,1836
11,21691,9552
7,12020,8335
9,77531,7187
7,57761,3296
10,38901,4071
8,63481,6759
8,88991,5983
10,27521,4329
9,80431,0569
12,42531,4518
9,17850,4105
11,01361,6258
8,93980,7912
12,76092,1315
13,23832,9515
10,62661,5727
11,93083,4229
10,16231,8188
9,76501,6655
10,70182,5387
10,54461,0979
10,16392,3989
10,23151,7325
9,12201,6353
9,75711,2338
8,10810,7198
8,63741,2415
11,88280,9721
8,87022,3492
9,41421,6372
10,13591,0589
8,35971,0172
10,62061,7222
6,38540,4292
11,16821,6643
11,31681,1255
12,71453,5600
11,79901,8529
11,02053,4809
9,68551,6401

26,42625,2580
22,92163,2196
26,12753,5620
28,74423,1910
30,40223,5529
27,68972,8058
26,05124,9072
28,17332,9994
20,62082,3770
27,79172,1001
26,79102,4101
16,48703,2661
26,99614,2615
19,14925,7360
25,74736,4841
21,34546,1682
21,98038,2259
20,72511,8199
28,09302,8618
22,91551,8185
25,75054,2856
25,74982,1893
30,10081,3055
26,34533,7946
26,23793,8705
21,04939,0016
15,12322,3795
29,36923,8428
24,96812,5260
24,34176,1258
24,15805,3761
25,86133,1732
28,86634,4029
23,03694,4105
27,63323,1031
28,81524,4490
23,02243,0542
30,22553,4473
25,89644,1149
28,02462,8100
29,49223,8294
22,44543,4473
27,96242,1361
23,40314,5914
20,44543,9179
21,73754,6657
28,59752,5749
25,40692,4026
25,47156,7978
16,66931,9510
28,15233,5166
26,86335,0477
27,19057,0116
30,28983,7296
26,70202,9996
26,60292,8076
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7,27440,2773
5,80730,1311
7,07870,2237
7,16620,2528
7,34250,1151
7,34140,1170
6,95460,4615
7,07220,2524
5,41400,1789
6,45110,1359
6,62560,2607
5,51450,5024
7,28220,2319
6,31800,2277
6,50770,6101
6,11940,7563
6,39830,5584
5,38760,1631
6,94750,1584
5,56280,2647
7,06680,2594
6,66760,1691
6,97300,1520
7,03490,7992
7,01470,3946
6,67221,1881
5,51450,5024
7,36540,3439
6,79630,2026
6,87960,2534
7,20100,1547
7,48070,2561
7,37580,2653
6,37640,1521
6,99810,0749
7,36710,1249
6,35170,3036
7,29100,0853
6,97270,2912
6,56850,2282
7,16880,0569
5,85340,4731
6,49630,1925
6,85410,2332
5,62350,5703
5,83220,2484
7,27250,1343
6,54320,2123
6,36000,9489
4,42800,2469
7,26160,1745
7,17130,2081
7,17950,2708
7,31770,2758
7,05690,2575
6,69560,1314

8,97741,1359
8,72120,7783
9,89491,5807
10,60251,4905
9,54600,7286
10,73870,9888
10,70741,6313
8,86410,2212
6,79020,3606
7,84180,6001
8,47551,1534
9,08560,1929
10,59731,0935
11,20081,2675
10,84312,2615
10,95851,5301
10,23540,9195
6,78170,3646
8,21200,4092
6,37580,5381
10,05641,4410
8,63572,0580
8,08680,4904
10,17811,9596
9,59550,8145
11,21181,7034
9,08560,1929
10,56391,8299
8,87790,8119
11,94172,1983
10,91401,5851
10,16060,4182
11,51132,8298
8,53430,6826
9,01241,5920
10,00390,9873
9,10811,4173
8,98270,5756
9,87811,1037
8,45791,5183
9,06230,7526
8,13121,1902
7,87050,6715
11,09981,0987
10,63423,3021
8,79721,5587
9,45560,7891
8,47490,8671
10,99561,8414
6,10830,3918
9,99322,2932
10,68760,6871
10,18671,8684
11,37602,3393
10,59152,3314
8,90960,6362

26,99384,0404
21,84752,8578
27,45482,6936
27,28153,7650
31,49992,9254
27,95394,1928
24,84505,5932
30,67341,6395
20,52692,2099
28,01721,4641
26,82232,3601
16,73074,1322
25,30283,1663
25,35864,6402
26,04598,0797
24,65164,8385
23,17207,0955
20,27781,4027
30,09990,9588
24,26491,3326
24,75554,5457
25,70321,9070
29,69101,2053
25,89595,8313
24,68154,8839
23,20308,5198
16,73074,1322
27,73205,7820
25,29824,6350
24,19314,9703
26,27603,6311
25,66372,4019
28,06764,5225
26,03352,0515
29,20742,5166
29,74063,3709
24,86934,9781
31,72802,2411
25,38453,3764
26,70182,7787
31,34462,3954
21,38842,9815
28,09362,1350
26,62174,1061
17,26494,1926
21,60164,3008
29,58852,4517
24,15192,5635
23,61187,3234
17,62542,3805
30,63733,4375
29,33463,2508
30,43453,2375
30,86904,5609
26,61333,8458
27,60491,7556
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Fig. 3. the convergence behavior of the objective function for the standard PSO and PSO-CW for the MRI image.

Figure (3) illustrates the convergence behavior of the
algorithms for the MRI image shown in Figure (2a). The
standard PSO exhibited a faster, but premature convergence
and stagnation in sub-set solution with a large quantization
error, while the PSO-CW algorithms had slower convergence
without stagnation, and better solution with lower quantization
errors. This is due to the wind dispersion mechanism which
incorporates random procedure for enhancing the PSO search
process and diversifies the search directions of the particles.
VI. CONCLUSIONS
This paper presented a modified particle swarm
optimisation for MRI brain Image Clustering (PSO-CW). The
quality of the obtained clusters is evalueted by how much the
quantization error and intra-distance are minimized and
simultaneously the inter-cluster distance is maximised.
The proposed approach is based on a modified updating
positions of particles. The combination of two mecanisms :
confinement and wind dispertion are introduced in the
updating process of the particle's position.

lower quantization errors. Moreover, their standard deviations
respectively are less than those obtained in standard PSO. This
indicates that PSO-CW is more stable than standard PSO.
For future research, an automatic PSO-based clustering
algorithm will be elaborated that can find the optimum number
of regions of the image and determine the locations of their
centoids.
More investigations will be done in medical images
segmentation for detecting and extracting suspicious regions
and identifying tumors aiming to build an efficient Computer
Aided Detection.
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Abstract—This work is part of archiving and electronic
document management. We are interested here in the
extraction of scores and average from the transcripts of
Algerian baccalaureate. We started this work by a physical
study of the baccalaureate transcripts in order to know their
structure. The proposed system extracts the student's scores
and average based on the localization of tables containing this
information. This localization is reached after several steps of
preprocessing aiming to improve the quality of the transcript,
and segmentation to extract the connected components of the
image and eliminate useless information. After that, the
localized tables are segmented into columns and the columns
into rows in order to extract the desired information. The
proposed system has been applied to 43 baccalaureate
transcript images of our test corpus, and the obtained results
are encouraging.
Keywords—document analysis, localization of areas of
interest, digital archiving, segmentation, structure recognition,
physical and logical structure.

I.

INTRODUCTION

The rapid evolution of computer science and information
technology over the last 30 years has led to a revolution in
the ways of creating electronic documents and conserving
information, in order to preserve it for a long time. This
evolution is a great innovation of modern times. It is for this
reason that companies resorted to the electronic storage of
documents and digital data and so-called electronic
archiving.
However, electronic archiving and digitization are
sometimes confused. Although digitization allows to
reproduce the original document with sufficient quality as
an electronic document for long-term preservation and
communication, electronic archiving is more general. In
addition to the storage, saving and electronic management
of documents, electronic archiving may be defined as « all
actions aiming to identify, collect, classify and conserve
information for future reference on a suitable and secure
support, for the time necessary to satisfy legal obligations
or information needs » [1]. In fact, electronic archiving may
be in the form of office documents, digitized files, data
exchanged via remote-procedures, databases, etc. For that,
electronic archiving is not just a simple digitization of
company documents, but includes a whole set of processing
leading to the storing, protection, understanding and easy
consultation of these documents.
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In most cases, the documents to be archived contain
several pieces of information, not only the text or the written
characters, but also the type and size of the used font, the
writing color, in addition to other additional information
describing the organization and the structuring of the
different elements of the document. Without this additional
information provided by the structure of a document, the
correct reading or localization of the document would be
impossible. Therefore, the understanding of a document
requires the recognition of its structure in addition to its text
and then any information constituting this document can be
located correctly.
The aim of the present work is to analyze the structure of
a particular type of document (Algerian baccalaureate
transcript), in order to extract from them important
information, namely the scores and the average of the
student. This information is gathered in two tables in the
transcript: scores table, and average table. Therefore, the
extraction of this information must be preceded by the
localization of the two previous tables. Thus, the long-term
goal of our work is the development of an electronic
archiving system of Algerian baccalaureate transcripts that
integrates several functionalities, acquisition, compression,
preprocessing, analysis and recognition, retrieval, etc. This
system will facilitate without doubt the work of the agents
in the education offices and archive services of the
university.
A large number of researches have been made in the
literature for the detection and extraction of table structures
from images of digitized documents. According to [2], table
detection methods may be divided into two main classes:
non-text analysis methods (using ruling-lines), and text
analysis methods. Non-text analysis methods were the first
methods of table detection proposed in the literature. They
detect the location of a table by analyzing the ruling-lines
identifying the table. The disadvantage of these methods is
that they are only effective for some individual tables that
comprise full horizontal and vertical ruling-lines [2].
Among the methods of this class we cite those described in
[3-7]. Text analysis methods, on the other hand, do not
require the presence of any ruling-lines and they use text
information to analyze and recognize the table regions.
Although these methods can identify a large number of
tables in a document image, they are effective only on
single-column or non-complex documents [2]. The methods
described in [2], [8], and [9] are part of this class.

141

The remainder of this paper is organized as follows.
First, we describe the characteristics of the documents
subject of the study, namely the Algerian Baccalaureate
transcripts. After that, we show the architecture of our
system while detailing its different stages. Finally, we
present the obtained results before concluding.
II.

CHARACTERISTICS OF ALGERIAN BACCALAUREATE
TRANSCRIPTS

After the physical analysis of the various baccalaureate
transcripts of our test corpus, distributed over different years
(from 1997 to 2015), we noticed that almost every year the
format of the transcripts changes (see Fig. 1), but the data
remain the same {Frame, Heading, Registration number
(R.N) of the student, Student Information, Year, Branch of
study, Scores table, ...}.

a) Original document

b) Physical structure

However, the variations are at several levels; for
example, at the level of paper quality (standard or special
paper), the writing font, the language with which the
student's information is written (Arabic or French), the
stamp and the signature, the text and background
colors,…etc.
According to Fig. 1, it can be noted that the scores table
is usually in the middle of the baccalaureate transcript and
the average table is below it. It should also be noted that the
frame of these two tables is a simple rectangle or a rectangle
with rounded corners. Then there are several branches of
study in high schools in Algeria, and the branches are
different from each other by the number of courses and the
contents of the courses. Afterward, we will present in Fig. 2
the different levels of structures of an Algerian
baccalaureate transcript:

c) Logical structure
Fig. 2. Different levels of structures of an Algerian baccalaureate
transcript.

III.

PROPOSED APPROACH

The design of our system is done through several steps
in that we summarize them in Fig. 3 which presents the
main components of the schematic of the proposed system.
This schematic consists then of three essential parts:
 First Part: Digitization and preprocessing.
Digitization allows to convert the paper document
into a pixels image. Preprocessing consists of
eliminating defects related to the scanned image in
order to facilitate the next steps.
 Second part: Segmentation. This part makes allows
to segment the baccalaureate transcript into
information zones.
 Third Part: Localization of the two tables (of scores
and average) according to their physical appearance.
A. Preprocessing of the baccalaureate transcripts
Preprocessing gathers a set of techniques leading to
modify a digital image in order to improve its quality or to
extract information from it. Several treatments may be
included in the preprocessing. In our system we have chosen
the following steps: marginal noise elimination, grayscale
transformation, binarization, skew correction, and noise
removal by smoothing.

Fig. 1. Examples of baccalaureate transcripts of various formats.
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1. Preprocessing
2. Segmentation
Marginal noise removal
Frame detection

.jpg

Grayscale transformation
Connected components
labeling
Binarization
Frame removal
Skew correction

Smoothing

3. Localization
Tables localization
tableaux
Tables segmentation into
columns

Scores extraction
Fig. 3. Schematic of the general process of the proposed system.

1) Marginal noise detection and elimination: The
marginal noise is formed of the set of shadows that appear
in black or a color close to black in the vertical or horizontal
margins of an image. The elimination of marginal noise is
done as follows:
 Detect up, down, right, and left marginal noise. To
find the top marginal noise for example, we proceed
to the labeling of the connected components in the
first lines of the original image and formed of pixels
having a color close to black. The marginal noise
will consist of all the labeled connected components.

However, we used a simple and classic skew correction
method based on projection profile analysis. The steps of
this method may be summarized as follows:
 For each probable inclination angle a do
o Rotate the image with angle (a)
o Calculate the horizontal projections histogram of
the rotated image.
o The projection value corresponds
maximum value of the histogram.

the

 The inclination angle θ of the image is the one with
which the value of the projection is maximal.

 Color the pixels of the marginal noise with the
dominant color of the image.
2) Grayscale transformation: This transformation is
done simply by replacing the color of each pixel of the
image by the average of its values of red, green, and blue.
3) Binarization: It allows to separate the foreground
from the background of the image which produces two
classes of pixels: a class representing the background of the
image (in white) and another class representing the scene of
the image (in black). In our system we have used Otsu’s
method [10] which is a very popular global thresholding
method that produces good results with little noisy
document images.
4) Skew correction: Unfortunately some of our
documents are inclined, which makes the localization of the
two tables difficult. It was therefore necessary to apply a
step of skew correction of the inclined documents.

to

 Rotate the binarized image with angle (θ).
5) Smoothing: Smoothing leads to cleans the noise that
occurs after the Binarization of an image. In our case we
perform a smoothing by cleaning and corking as in [11].
B. Segmentation
In our system, we apply a mixed segmentation. First, we
start by selecting the frame of the baccalaureate transcript.
Then we use an ascending segmentation technique to group
pixels with the same properties into connected components.
Finally we eliminate the frame of the baccalaureate
transcript because it does not matter in the document.
1) Frame Detection: according to the physical study of
the baccalaureate transcripts that we conducted, we noted
that the transcripts from the years 1997 to 2012 and those of
2015 contain different formats of the frame surrounding the
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document information: frame in the form of a rectangle and
so it is formed of a single connected component, frame in
the form of a series of stars or other geometric shapes, etc.
There are also other transcripts that do not contain any
borders (2013 and 2014 transcripts).
The method that we applied for frame detection is based
on the RunLength Smoothing Algorithm (RLSA). This
latter is used to connect black pixels separated by less than n
white pixels according to horizontal or vertical direction.
We proposed not to apply the RLSA algorithm on the entire
image but only on the part of the image containing the
frame. In addition, based on the physical study of the
baccalaureate transcripts, it was found that the position of
the frame in the document may differ slightly from one
document to another, but the thickness of the frame never
exceeds the value ( document width / 10). However, the
frame takes the form of a rectangle formed of four sides
(top, bottom, left, right) and after a set of tests we set
different values of the threshold n for each side of the
rectangle. Thus, it has been found that the most suitable
value of the threshold n for the two horizontal sides (one at
the top of the image and the other at the bottom), is 10% of
the image width. Then in both vertical sides, the threshold n
is set equal to 20% of the image width for the left side and
30% of the image width for the right side respectively.

 Look for the horizontal lines of the tables from the
horizontal projections histogram. They correspond to
the lines of the image whose projection value is
greater than a certain threshold.

The application of RLSA algorithm on the parts of the
image containing the horizontal (or vertical) sides of the
frame leads to connect the black pixels of the border that are
near along the horizontal (or vertical) direction. At the end
the border becomes composed of a single object.

 Look for the vertical lines of the two tables from the
histogram of vertical projections. They correspond to
the columns of the image whose projection value is
greater than a certain threshold.

2) Connected components labeling: it consists of
grouping all neighboring black pixels into a separate unit,
and for that we use pixels aggregation method.
3) Frame removal: simply, the frame represents the
largest connected component. So to eliminate the frame we
just look in the list of connected components which is the
connected component having the maximum size and to
delete it. Indeed, the frame removal is done in order to
facilitate the detection of scores and average tables, which is
the goal of our work.

 Filtering the list of vertical lines: If the beginning
column is very close to the first vertical line, it
becomes the beginning column, else the beginning
column is added to the list of vertical lines. Likewise,
if the ending column is very close to the last vertical
line, the latter becomes the ending column; else the
ending column is added to the list of vertical lines.
Same treatment is done for the average table.

C. Tables localization
The localization of an object consists in determining its
position in the document image. This phase is composed of
three stages: the detection or localization of the two tables
(scores table and average table), tables segmentation into
columns, and after that the localization and the extraction of
the scores and the average.
1) Extraction of the scores table and the average table:
After the application of the preprocessing steps, we notice in
some transcripts that the border of the scores’s table and and
average table is almost removed which makes it difficult to
locate these tables. This is why in our work we use a hybrid
localization method that analyzes both the ruling-lines that
can exist and the text in order to detect tables. The proposed
method is based on projection profile analysis. The steps
included in this method are:
 Calculate the histogram of horizontal projections
only for the portion of image that may contain the
scores table and the average table.
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 Find the beginning and ending lines of each of the
two tables. The two low lines belong to the average
table, while all the other lines are horizontal lines of
the scores table.
 Find the beginning and ending columns of each of
the two tables. To find the beginning column of the
scores table, we run vertically through the region
containing the scores table from left to right until we
find a first black pixel. The column of this pixel is
considered as the beginning column of the scores
table. Same principle to find the ending column of
the scores table but the run is from right to left. The
column of the first black pixel encountered is the end
column of the scores table. The beginning and
ending columns of the average table are found in the
same way.
 Calculate the histogram of vertical projections only
for the part of image containing the scores table;
same method for the average table.

 Gather the pixels of all horizontal and vertical lines
of the scores table into the same connected
component representing the scores table, and the
same for the average table.
2) Tables Segmentation into columns: in fact, this
segmentation is necessary because each column in the two
tables presents a particular type of information; for example
in the scores table, the columns present from right to left:
the names of courses, the note in each course, the coefficient
of each course, and the sum of scores.
The segmentation into columns of the scores table is
performed using the vertical projection technique, and
hereinafter the technique followed.
 The first step is to remove the table’s border. The
scores table area will only contain background pixels
in white and the text pixels (scores, course names,
etc.) are in black.
 We do a vertical run across the entire region of the
table, starting from left to right. As soon as we meet
a vertical direction (column of the image) that
contains at least one black pixel and at least the m
vertical directions preceding it are totally white so

we take it, otherwise we neglect it and we continue
our scanning. The threshold m determines the
minimum width of a column in the scores table and it
is set experimentally equal to (the image width / 80).
 Once this scan is complete, we will have a list that
contains only the left and right limits of each column
of the scores table. All that remains is to display each
column in a separate color.
The segmentation of the average table is performed in
the same previous way but the scanning is done on the
region of image containing the average table.
3) Extract information from columns: The last step in
the localization process is the extraction or localization of
the student's scores and average from the segmented
columns. In this step, we also used the famous technique of
horizontal projections and the application of this technique
is done on each column of the two tables separately.
The steps followed to extract the information from the
scores table are the following:
 For every column i of the table do
o Calculate the histogram of horizontal projections
of column i.
o Create a list of the upper and lower borders of
each piece of information (the list is initially
empty).
o Browse the histogram of projections; if an entry
in the histogram has a non-zero projection value
and the projection value of the preceding input is
zero, it is considered as the upper border and is
inserted into the list. Likewise, an entry having a
non-zero projection value with the projection
value of the succeeding entry is zero is
considered lower border and is inserted in the list.
o As soon as this scanning is complete, we will
have a list that contains only the upper and lower
frontiers of each line (which contains one
information item) of column i. A filtering is then
applied to keep only lines containing real
information item. As the scores have
approximately the same height, the lines kept are
those whose height is above a certain threshold.
The other lines represent noise.
o Finally, display each piece of information
separately.
The extraction of average from the average table is done
in the same previous manner.
Fig. 4 shows the final localization result, where the table
area is displayed yellow and each information item is
displayed in white separately:
IV.

EXPERIMENTS AND RESULTS

Our test corpus is composed of 43 images of
baccalaureate transcript from 1997 to 2015. The documents
of our test corpus are of various structures and formats
making their processing and analysis difficult.

Fig. 4. Localization of the two tables and extraction of information from
these tables.

The proposed system has been applied to the 43
transcript images of the test corpus in order to assess its
performance. The performances are measured in terms of:
average response time, and average scores extraction rate.
Tests have shown that the response time varies between
60 seconds and 90 seconds, and depends on the size of the
image and the structure of the transcript (presence of frame
or not, presence of noise, ... etc.).
TABLE I summarizes the results of detection and
extraction for all images of our test corpus.
From TABLE I, the success rate of scores extraction is
of: (1354/1411) × 100 = 95.96 %.
Likewise, we can note that the transcripts for which the
scores have been perfectly detected are in number of 31
among the 43 transcripts tested, a single statement for which
the scores localization was totally failed (localization rate =
0%), and for the remaining transcripts, the localization rate
is above the average and in most cases more than 90%.
TABLE I.

RÉSULTS OF SCORES EXTRACTION OBTAINED FOR ALL
BACCALAUREATE TRANSCRIPT IMAGES

Transcript Nb of
scores
1-1997
2-1998
3-2000
4-2000
5-2001
6-2001
7-2001
8-2002
9-2007
10-2008
11-2009
12-2010
13-2011
14-2011
15-2012
16-2013
17-2013
18-2013
19-2013
20-2013
21-2013
22-2013
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27
27
30
30
30
27
30
30
27
34
34
34
33
34
34
34
34
34
34
34
34
34

Nb of well Transcript Nb of
localized
scores
scores
0
23-2013
34
27
24-2013
34
30
25-2013
34
18
26-2013
34
30
27-2013
32
27
28-2013
34
30
29-2014
34
30
30-2014
34
27
31-2014
34
34
32-2014
34
34
33-2014
34
34
34-2014
34
32
35-2015
34
34
36-2015
34
34
37-2015
34
34
38-2015
34
34
39-2015
32
32
40-2015
34
34
41-2015
34
32
42-2015
34
32
43-2015
36
34
Sum
1411

Nb of well
localized
scores
34
34
34
32
32
32
34
34
34
34
33
34
34
34
31
34
32
34
32
33
36
1354
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Fig. 5. Example of a problem of scores localization.

Indeed, the problems of scores localization encountered
in some transcripts ("18-2013, 20-2013, 21-2013, 26-2013"
transcripts, for example) have been caused by the fact that
the scores in these transcripts and the surrounding frame are
bonded and are therefore considered part of the table frame
and not as separate components. Fig. 5 illustrates an
example of this case where two pieces of information are
colored in red, the same color of the scores table frame.
In other transcripts (for example, "1-1997,13-2011, and
43-2015"), the bad localization is caused by the very small
size of the images of these transcripts. Thus, the application
of preprocessings on these small images induces the
deletion of several components (numbers, part of the frame,
etc.) and causes the loss of information necessary for the
localization.
V.

CONCLUSION

The present work is made into the context of the
electronic archiving of baccalaureate transcripts. The
objective was to analyze the digitized transcripts in order to
extract important information, namely the scores and the
average of the student, which could allow the sharing,
retrieval and reuse of these transcripts.
Therefore, we realized a fairly complete system
integrating various processings and leading to the
localization of the scores table and the average table from
the baccalaureate transcripts of different styles and formats,
in order to offer an easier handling data: archiving,
indexing, searching, etc.
Based on the obtained results, we can say that our
system is reliable, which means that the methodology used
for document analysis is effective.
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Abstract—In everyday life, we rely on digital documents in
almost every transaction. And with the widespread use of these
documents in all jurisdictions, a new crime has emerged. This is
the forgery of documents using a scanner, and advanced tools for
images editing that allow a simple user to alter a digital document
and change its content. To prevent such a crime and to fight
against fraudsters who are constantly developing new methods,
many researchers have tried to develop automatic methods for
fraud detection using image processing techniques and machine
learning. Most of these works use the binary classification to
classify documents as authentic or forged and need to use samples
of the two classes together for training.
In this work we propose a method to detect digital administrative documents forgery in cases where only authentic documents
are available. The proposed method extracts background, text
and stamp characteristics and build a decision model using Oneclass SVM. The obtained model was tested on a set of generated
administrative documents using several kernel functions and
parameters. Results show a high recognition rate, thus proof
the effectiveness of our model.
Index Terms—Digital administrative document, Administrative
document forgery, Machine learning, Image editing tools, Oneclass SVM.

I. I NTRODUCTION
Nowadays, due to the advancement of digital technology,
processing software and editing tools, an image can be easily
manipulated and modified. It is very difficult for humans to
visually identify whether the image has been modified or not.
There is a rapid increase in digitally manipulated counterfeits
in the mainstream media and on the Internet. This trend
indicates serious vulnerabilities and diminishes the credibility
of digital images.
While these digital documents are widely used in our
lives, especially in the official and commercial environment,
many types of forgery have begun to appear with different
techniques. These techniques are classified into three general
categories: copy / move, counterfeiting and image editing [17]
and mainly made on data, documents, checks, images and
videos.
The forged documents are generated to illegally obtain
short-term or long-term benefits. This poses a serious threat to
the nation’s various sectors especially juridic, economic and
security.
Therefore, developing techniques to verify the integrity and
authenticity of digital images is very important, especially

considering that images are presented as legal evidence, information, medical documents, financial documents, or administrative documents. In this sense, the detection of image forgery
is one of the main objectives of documents credibility.
Several research attempts to find a solution to the document
forgery problem by constructing and proposing models, approaches and techniques for detecting forgery from documents,
using a series of extracted features from a document image
such as line alignments, characters in English language letters
and also with some pixel properties [12], [18], [2], [5], [13].
Due to the unavailability of a public dataset for the experimentation purposes, especially the administrative documents,
a considerable size of data samples must be collected for the
experimental purposes.
These samples may include conference certificates, official
documents, birth certificates, or academic degrees. Generally it
is too difficult to collect real forged documents to use them in
the learning task, and only authentic documents are available.
In this work, we propose a method to solve the problem
of recognizing forged digital administrative documents, by
extracting the characteristics of a scanned document images,
and then learn a One-class SVM model, which will be able to
automatically detect forged documents.
The reminder of this work is organized as follows: In
section II, a brief overview about the digital documents and
their forgery is introduced Then, in section III, some of
related works are sited, then we will present the One-class
SVM method principals in section IV. Section V, contains
a detailed description of the proposed method followed by
the experiments and obtained results discussion in section VI.
Then we will end this paper by a conclusion which contains
a summarization and future prospects.
II. A DMINISTRATIVE DIGITAL DOCUMENTS AND THEIR
FORGERY

Administrative documents are official and has a standard
form. They are edited to establish a right, an identity (identity
card, residence permit), a quality (certificate of nationality)
or grant an authorization (all documents that issue permits)
certificate of registration of a vehicle or driver’s license,
marriage certificate, etc.
A digital document has the characteristic of being on an
electronic medium, of being perceptible via digital technology,
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it can be an image, a sound file, a set of data organized in file,
an electronic writing,...etc. [6]. It is considered as a computer
file (and thus represented at the base by a sequence of 0 and 1)
whose content, structured according to the specifications of a
file format, represents information understandable by a human
and/or a computer. The forgery of a digital document is the
modification of one or more of its components as the validity
date, mentions of identity or on the photograph [10].
A. Forgery methods
There are many methods for making images or documents.
However, in this section, we will present only the commonly
used methods to falsify an authentic document. There are three
types of forgery:
1) Photo forgery: Consist of the Id photo replacement.
2) Text forgery: Editing the document text in order to
convert its meaning or change some of its informations.
3) Stamp/signature forgery: Consists of copying the existing stamp or signature into an authentic document in the
forged document. [3].
Digital images are easy to manipulate and modify due to the
availability of powerful image processing and editing software.
There are many types of image forgery:
• Copy and paste: In this technique, it must cover part of
the image to add or delete information. In the Copy-Move
image technique, a part of the same image is copied and
pasted into another part of that image itself. In a copy
attack, the intention is to hide something in the original
image with another part of the same image [17].

•

•

•

image. The image is made to reduce or improve certain
characteristics of the image. Retouching may require
rotating, scaling, or stretching an image before combining
it with another image. This is a very common type of
image change and is often advertised. Cloning of the
part of the image is also very common in image editing.
The detection is very difficult because there is no radical
change in the different parts of the image [11].
Imitation
The fraudster adds or replaces information by trying to
find the same font properties of a document. As a result,
the final forged digital document contains words with
different font type, font size, misalignment, etc. [14].
State of the lighting: This type of fake can be done
easily by splicing together two different images. Often,
the spliced images come from different scenes and have
different lightning conditions and so it is very difficult
for the image forging to match the exact lightning state
of one image with the other. Such variation in lighting
conditions can be used to identify quenching in the image.
Many times, the splicing of the image is done with
such precision that it is obviously impossible to identify
different lightning conditions in the combined image.
Since the direction of the light source can be estimated
for different objects / people in an image, inconsistencies
in the sense of illumination can be used as evidence of
numerical alteration. [11] .
Cropping:
Cropping is a technique for cutting borders or removing
a peripheral portion of an image. Generally, this type of
operation is used to delete the border information that is
not very important for the display or to adapt it to a use
other than that for which it was made, or to modify its
format [3].
III. R ELATED WORKS

(a)
Fig. 1.
•

•

(b)

Copy-paste forgery example.(a) original image (b) forged image.

Image Splicing: It is an image composition technology
by combining image fragments from the same images
or different images using available digital tools such as
Photoshop.
Falsifying the image involves composing or fusing two
or more images that significantly alter the original image
to produce a forged image. In the case where images
with a different background are merged, it becomes very
difficult to create the borders. Detection of splicing is a
difficult problem by which composite regions are studied
by a variety of methods. Abrupt changes between the
different areas that are combined and their backgrounds
provide valuable traces for detecting splicing in the image
considered [11].
Image retouch: In digital image editing, the images
are less modified. This improves some features of the
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A large number of researches in the literature was proposed
to deal with the image forgery problem. However, only a few
of them are related to the document forgery texts. In what
follows, we will cite some of those works, and try to classify
them according to the methods, techniques and features they
have followed.
Gebhardt et al. [8] have proposed a system for detecting
differences in the edges of printed characters. They created a
dataset with 1200 document images by 7 inkjet printers and 13
different laser printers. Then they recorded the characteristics
of each printer to clarify the properties of the edges of the
letters and then look for different letters to distinguish them in
the document to show the suspicious letters. The whole process
they used was divided into two main stages: the first stage is
the extraction of features, and the second is the detection of
anomalies.
Christoph H et al. [4] proposed in 2010 a classification
system to analyze the printing technique used to print a
document. Each letter of the document is classified using a
carrier vector machine that has been trained to distinguish laser

impressions from inkjet. A color-coded visualization helps
the user to interpret the classification results by letter. The
proposed approach was used to detect fraud using a letter
classification of the printing technique. It is based on the fact
that each printer has its own visual characteristics in printed
characters, especially in the border areas of the letters. From
the distribution of gray levels in this image area, a decision
can be made for each letter in the document about the type
of printer created it. The method does not require specific
hardware but can work with a standard consumer imaging
device such as a scanner or digital camera.
Shize Shang et al. [16] proposed in 2014 a method for
distinguishing documents produced by laser printers, inkjet
printers and electrostatic copiers. The approach makes it
possible to distinguish the documents produced by these
sources according to the characters of the document. The use
of separate characters can also detect and locate forgery of
documents created using different types of tools.
Romai Bertrand et al. [14] introduced in 2012 a method that
can automatically detect manufacturing based on the characteristics of certain character-level documents. This method is
based on the detection of aberrant characters in a discriminant
feature space and the detection of strictly similar characters.
They calculated a set of characteristics for all the characters.
Then they ranked the character so false or true based on a
distance between characters of the same class. The method
uses intrinsic document functions. It is based on two forgery
techniques for the detection of a fraudulent character: "Copy
and Move" and "imitation".
Beusekom et al. [9] proposed in 2010 an approach to
examine the intrinsic characteristics of documents for the security of optical documents, the purpose was to automatically
detect lines of text manipulated or inserted in a document by
inspecting their alignment (left, right or center) with respect to
other lines of the document text. This is an additional feature
in order to develop a powerful toolbox for automatic document
inspection. They used the extracted lines of text and alignment
margins. The statistics on the distances between the lines of
text and the margins of alignment serve to identify the lines
that could have been forged.
Fadi H. et al. [7] proposed in 2015 a new method to detect
the manufacture of text in scanned documents, it involves two
steps. The first one undergoes four process, which are used
to pre-process and extract the document characteristics for the
next step. The second step, contains the fifth process, it aims
to extract the edge gradient to find the difference between
original and forged text. The final process is the coloring and
location of suspicious pixels.
Ramzi M. Abed [1] proposed in 2015 a new technique
for detecting altered scanned documents. This technique is
based on identification of the used scanner by the meaning
of its intrinsic characteristics. The proposed system begins by
extracting, from a scanned document, all the letters "e" in the
document, as it is the most common letter in the English language (their system has been proposed for English documents).
Then, the system extracts a set of features from each character

group "e", and then forms a feature vector for them by dividing
the scanned document tested into blocks. A different set of
features is extracted for each of these blocks. Each of these
feature vectors was then separately tested and categorized
using the Support Vector Machine (SVM) classifier, which
ultimately decides whether the scanned document image being
tested is authentic or altered.
H. Benhamza et al. [3] proposed in 2017 a method for
the detection of forged administrative digital documents using
binary support vector machines. The aim of the work was to
study the nature of scanned images and the methods used for
their forgery, then to propose techniques allowing the detection
of forged documents based on rules obtained through machine
learning.
To conclude, the previous works are based on the following
topics: tamper-proofing and detection techniques by extracting
different characteristics of the document based on printer
footprint, paper, scanner, characters, or pixel properties.
Although, many of these techniques are very promising
and innovative. However, they all have some limitations,
such as unsupported oriental languages (as Arabic, Chinese,
etc.), and low accuracy when dealing with documents which
have submitted only a little forgery, also the restriction on
a particular language (English), or conviction of a document
from a single character.
IV. O NE CLASS SVM
In binary and multiclass support vector machines (SVM),
we always have positive examples and other negatives, i.e.
examples and counterexamples. Such information is not available in all application cases. Sometimes it is very expensive,
if not impossible, to find counterexamples that really represent
the negative class.
Take the example of recognition of a particular category
of parts by a robot in a factory, it is easy to have sufficient
examples of this piece, but it is difficult to have examples of
all the different parts. In such cases, it is desirable to have
a decision model that recognizes as many possible examples
of this category and rejects all others. This problem is often
called novelty detection, since the decision model knows a set
of examples and detects all that is new (strange).
For the one class SVM classification, it is assumed that only
the data of the target class is available. The goal is to find a
boundary that separates the examples of the target class from
the rest of the space, in other words, a boundary around the
target class that accepts as many target examples as possible.
This boundary is represented by a positive decision function
inside the class and negative outside. Figure 2 represents, in
two dimensions, a case of separation of a class from any other
class.
To solve this problem, the single-class SVM technique uses
the same binary model with an extra trick; the origin of the
space is considered to be the only instance of the negative
class. the problem lies, therefore, in finding a hyperplane that
separates the examples of the target class from the origin, and
which maximizes the margin between the two [15].
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1) Determine the stamp area by detecting the blue or
red color in the color image,
2) Convert the selected stamp area to grayscale,
3) Calculate the first and second frequent color in the
stamp area to determine the background color of the
stamp as the second most common color,
4) Calculate the average color of the stamp area,
• Detect the text area and calculate its information by:

Fig. 2.

One class SVM at maximum margin.

The problem is modeled by the primal problem of quadratic
programming as following: Let X = {x1 , x2 , ..., xn } be our
data set, in order to define the domain of novelty, we have to
learn an optimal hyperplane which can can separate the data
samples from the origin such that the margin is maximized.
This optimization problem is formulated as follows:
maxw,b ( kw|b|2 k )

subject to:

yi (wT φ(xi ) − b) ≥ 0, i = 1, 2, ..., N

Where φ is a transformation from the input space to the
feature space and wT φ(x) − b = 0 is equation of the
hyperplane. After using Lagrangian and some transformations,
we get the following dual problem:
P
P
minα i,j αi αj k(xi xj ) − i (xi xj )

subject to.

1
0P
≤ αi ≤ νN
i αi = 1

1) Delimitation of the text area by detecting the color
of the image text,
2) Cut text into image blocks representing syllables
or words delimited by detected empty lines and
columns,
3) Calculate the first frequent color of each block and
the second one as the background color
4) Calculate the average color of each block,

• Combine all previous obtained information to build the
features vector,
• Apply the previous steps on all scanned documents to
build a features database for authentic documents,
• Train the One-class SVM model based on built features,
• Construction of a decision model and its test,
• Use of built model for the detection of forged documents.

N.B. Text analysis step makes possible to check the homogeneity of the text color, because its intensity represents an
important factor, which affects the coherence and the homogeneity of words in the text. We noticed that the original words
and characters intensity is very different from their intensity
when added by an image or text processing tools. This is
because the color of the original characters is influenced by the
characteristics of the printer and scanner used in their creation.

Where k(xi xj ) is the used kernel function and parameter ν ∈
[0, 1] allows to control training errors [15].
V. P ROPOSED METHOD
Our proposed forgery detection system undergoes two main
steps, training and use, see Fig. 3. However, these two steps
depends on a vector which contains the image’s characteristics,
and constructed in the preprocessing step as following:
A. Preprocessing
• Acquisition of a digital document and converting into
gray-scale and then filtering it by a median filter to reduce
noise.
• Extract background characteristics by:
1) Divide the image into blocks of the same size,
2) Calculate the average and frequent color of each
block,
3) Calculate the average and frequent color of the
image’s background,
• Detect the stamp area in the image and calculate its
information by :
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Fig. 3.

Design of the model construction phase.

The obtained vector is composed of the characteristics
acquired from the three main parts of an administrative document, the background, the stamp and the text.
a) Characteristics extracted from the background:
• The average and frequent color of each block in the
image.
• The average and frequent color of the background of the
image.
b) Characteristics extracted from the stamp:
• The first frequent color of the stamp area (the color of
the stamp background)
• The second frequent color of the stamp area (the color
of the stamp).
• The average color of the stamp area.
c) Characteristics extracted from the text:
• The first and second frequent color of each word /
character in the image.
• The average color of each word / character.

Fig. 4.

database by scanning 141 administrative documents including
invitations, certificates and reports. We tested our methods in
three experiments representing cases of dividing images into
3x3, 4x4 and 5x5 blocs.
The obtained results according to kernel type in each
experiment are given in the following table.
Kernel type
Linear
Polynomial
Radial basis function

1st experiment (3x3)
95.74
97.87
94

2nd experiment (4x4)
98.58
98.58
43.26

TABLE 1
O BTAINED R ECOGNITION RATE OF THREE EXPERIMENTS FOR THREE
KERNEL TYPES

The influence of parameter ν on recognition rate is shown
in the following figure:

Features vector of a document.

1

2

We built our data base from all vectors constructed by
repeating the previous process with the acquired images.
We forged some of these images before constructing the
corresponding vector in the purpose to use them only in the
testing step.
3

B. Training phase
In this phase, the system learns from the training data whose
membership is known in advance (authentic). The obtained
model is then tested on the test data to verify its validity. The
model that detects forged documents among authentic ones at
higher rate will be adopted and used later in the use phase.
C. Use phase
In the use phase, we must go through all the previous
steps except the learning step where we start to import an
administrative document and extract all its features to build a
feature vector. Finally, the registered template is used to decide
the authenticity of the document.
VI. E XPERIMENTS AND RESULTS
To test the effectiveness and performance of our proposed
method, we passed it throw three tests, with different parameters and attributes. We used WEKA 3.8 software with the
package ’libsvm’ and One-class SVM as SVM type with a
10-Cross validation test option.
To the best of our knowledge, general public dataset for
document forgery detection doesn’t exist. That is due mainly
to confidential nature of documents and their inclusion of sensitive information. For these reasons, we constructed our test

Fig. 5.

The effect of the ν value on the recognition rate

VII. D ISCUSSION OF RESULTS
The results presented on table 1 show that the best recognition rate is obtained using polynomial kernel and a subdivision
of images into more than 3x3 blocs. The superiority of the
polynomial kernel is due to the geometric form of features
vectors of authentic documents in original space. Also, the
superiority of 4x4 and 5x5 blocs subdivisions is due to that
a small number of blocks gives blocks of large dimensions
which reduces the importance of small details.
The influence of parameter ν on recognition rate represented
in figure 5 shows that a small value (0.01) gives better
recognition rate in the three experiments and indicates that
used samples can be well separated without need to allow
important number of errors.
For comparison to other works, we can say that our method
has the advantage to use only authentic documents for training
and doesn’t need to use forged documents that might be
difficult to get with sufficient number.
Despite that we compared our proposed method to some
others in literature based on used documents type for training
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3rd experim
97.8
98.5
86.5

and on obtained recognition rate . It was clear that our method
overcomes those methods. The following table 2 shows comparison results.
Method
Cruz et al. [5]
Pun at al. [13]
Ramzi M. [1]
Benhamza et al. [3]
Our method

Used samples
Authentic and forged
Authentic and forged
Authentic and forged
Authentic and forged
Forged

Accuracy (%)
89.65
91.56
90
80
98.5

TABLE 2
C OMPARISON WITH OTHER METHODS

Through all our experiments and results, we can say that
our proposed method is very effective in detecting fraudulent
documents. The results show it’s ability to correctly identify
more than 98% of documents using one class SVM, thereby
speeding up the document verification process automatically.
VIII. C ONCLUSION
With the increasing use of digital documents, their forgery
has become one of the most well-known crimes. To overcome
this crime, we have studied several related works and their
methods and techniques for the detection of forged digital
documents.
In order to fight against forgery and to cope with the spread
of this crime, we have proposed a method based on automatic
learning by the One-class SVM method by using some image’s
characteristics of the document concerning the background, the
text, and the stamp.
To carry out our work, we extracted these characteristics
from all available authentic administrative documents.
We recorded the extracted features in a database and used
them to build a decision template to recognize forged documents from authentic ones.
To validate our proposed method, we have prepared a
training database of 141 samples representing authentic administrative documents. The best recognition rates obtained on
these data exceed 98%, which is encouraging and disproves
the effectiveness of the proposed method over other existing
methods.
For future work, we suggest some ideas that can improve
our system such as:
• Try to process stamps and logos in documents with text
to test all components of documents.
• Try to extract other features from the document to improve system performance.
• Work on the processing and analysis of properties in
other administrative documents such as passports, identity
cards, etc., to generalize the use of the system.
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Abstract—This paper addresses a bi-objective version of
CARP (Capacited Arc Routing Problem). CARP is a well known
variant of ARP including several vehicles with limited capacity
while RPP (Rural Postman Problem) its previous form considers
only one vehicle with unlimited capacity .The goal of CARP is
finding a set of low cost routes that serve a subset of edges with
positive demands under capacity constraints. Unfortunately the
routes built by CARP are not necessarily balanced. Indeed there
may be a significant gap between costs of two routes. To cope
with this inconvenience, we investigate in this paper an extended
version of CARP that looks for a set of so-called balanced
routes, that means a set of routes whose the costs are very close.
To address this problem, we propose a modified version of the
Path Scanning heuristic (PS) that expands simultaneously all
the routes. Experimental results show that the modified Path
Scanning heuristic is a promising approach for solving BCARP.
Index Terms—Capacited Arc Routing Problem, Balanced
CARP, combinatorial optimization, path-scanning heuristic.

I. I NTRODUCTION
The aim of Arc Routing Problem (ARP) is to find a set
of routes including a subset of edges that minimizes a given
cost. ARP can be either with or without constraints. One
of the well-known variant of ARP is so-called Capacitated
ARP (CARP). Given a set of vehicles, CARP has to find
the set of routes that satisfies the demands distributed on
edges. Note that the number of vehicles can be a fixed or a
decision variable. CARP is NP-hard, even in the case of a
single-vehicle problem called Rural Postman Problem (RPP).
Exact solvers proposed for CARP are still to date limited to
instances including until 190 edges [1].
Heuristics are essential for dealing with large-scale instances.
For this purpose several heuristics have been proposed,
namely Augment-Merges [2], Path-Scanning [3], Constructand-Strikes [4], Augment-Inserts [5] and Ulusoyś tour
splitting algorithms [6] for example.
In a general view, meta-heuristics are used for dealing with
hard and big instances of several optimization problems.
Indeed several approaches based on meta-heuristics have
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Metz, French
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been proposed for solving CARP. A Genetic algorithm is
presented in [7] to solve extended CARP (ECARP) and it has
been tested on instances including 140 nodes and 190 edges.
In [8] Ant Colony Optimization was applied to solve simple
variant of CARP, Tabu Search [9] and GRASP have been
presented in [10]. Outside the using of meta-heuristics, other
research papers propose a transformation of CARP instance
into a Vehicle Routing Problem (VRP) which a more studied.
Compared to VRP, CARP has been less studied, despite its
importance in real life. Indeed CARP has many applications
frequently in many manufacturing and industries services.
Many of its applications are related to networks roads such
as mail delivery, waste collection, milk collection, water
readings, electricity meters, and snow removal on streets and
sidewalks, etc. Despite the importance of CARP in many
real applications, its practical application is complexe and
remains less widespread because there are several variants of
this problem and each manufacturing or services industry has
its own variant.
The goal of CARP is to find a set of low cost routes that
serve a subset of edges with positive demands under capacity
constraints. Unfortunately the routes built by CARP are not
necessarily balanced. Indeed there may be a significant gap
between costs of two routes. To cope with this inconvenience,
we investigate in this paper an variant of CARP that looks for
a set of so-called balanced routes, that means a set of routes
whose the costs are very close. To address this problem, we
propose a modified version of the Path Scanning heuristic
(PS) that expands simultaneously all the routes for solving
BCARP.
The remainder of this paper is organized as follows: Section II
presents the motivation for this work. An overview of the
CARP mathematical formulation for BCARP is presented in
Section III. The Section IV concerns our main contribution.
Experimental results are discussed in Section V and a
conclusion is provided in Section VI.
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II. M OTIVATION
In real life, considering only a mono-objective formulation
of CARP may be compromising for many manufacturing
and industries services. However, by relying on the benefits
of minimizing visit costs, some implicit benefits may be
overlooked. These depend on the human resources (drivers)
and material (vehicles) used to solve CARP. As far as human
resources are concerned, the CARP solution based on cost
minimization is unfair because travel times are not balanced.
On the other hand, long routes and large loads aggravate the
condition of the vehicles, which increases maintenance costs.
III. P ROBLEM S TATEMENT
A. Intuitive presentation
Like VRP, CARP is a well known combinatorial
optimization problem. In general a CARP problem aims
to determine the optimal set of rounds crossed by a fleet of
vehicles to serve a set of customers distributed on a given
network. Each arc or edge has a demand and two different
costs: a cost of route and a cost of service. Most formulations
of CARP problems ignore the cost of service.
The basic variant of CARP is the Rural Postman Problem
(RPP). In a RPP problem, a single vehicle assumed to have
unlimited capacity serves all the arcs or edges in the network.
The RPP is a generalization of Travel Salesman Problem (TSP)
where the customers are the edges or arcs in the network.
CARP is considered like a generalization of RPP that considers
a set of vehicles with limited capacity. By default, all vehicles
have the same capacity.
Concerning the BCARP, we note that the same constraints
must be satisfied to validate the solution feasibility:
• Each tour starts and ends in the one deposit of the
network.
• Each required edge (which has a strictly positive request)
is served at least by a single vehicle.
• One and only one vehicle serves each required edge.
• The sum of demands collected or granted by each vehicle
should not exceeds its own capacity.
The global feasibility of the solution is guaranteed thanks
to the second objective which serves as balance index (see
equation (2)). Fig. 1 presents an example of BCARP solution
using the costs as criterion for the balance. In first figure (1.a),
the solution is not balanced because it is partly balanced (tours
T1 and T2). The second figure (1.b) shows that all the trips
are balanced.
B. Mathematical formulation
As previously mentionned, BCARP has the same constraints
as CARP. Let be consider a graph G = (V, E) where V is a
set of nodes, E is a set of edges and K is the number vehicles.
Each edge e = (vi , vj ) ∈ E of G is presented with two arcs
e1 = (vi , vj ) and e2 = (vj , vi ). e1 and e2 are evaluated with
the same cost and demands of e (we and de respectively).
Two sets of binary variables are used in this formulation: xpij
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Fig. 1. An BCARP feasible and infeasible solutions
p
(resp. yij
) equals 1 if the vehicle p goes through (resp. serve)
the arc (vi , vj ) and equals 0 otherwise [2]. ck measures the
cost of the trip passed by the vehicle k . c̄ corresponds to the
average costs of all trips. The problem consists in minimizing
the following quantities :
K X
X

(xpij + xpji ) × we

(1)

v
u
K
u1 X
(ck − c̄)2
=t
K

(2)

p=1 e∈E

σck

k=1

under the following constraints

xp (δ + (vi )) = xp (δ − (vi )) ∀vi ∈ N , p ∈ {1..K}
K
X
p=1

p
p
(yij
+ yji
) = 1 ∀e = {vi , vj } ∈ Er

(3)
(4)

p
xpij ≥ yij
∀e = {vi , vj } ∈ Er , p ∈ {1..K}
X
p
p
de (yij
+ yji
) ≤ Q ∀p ∈ {1..K}

(5)

xp (δ + (S)) ≥ xpij + xpji

(7)

(6)

e={vi,vj }∈Er

∀e = {vi , vj } ∈ E(S) , p ∈ {1..k} , S ⊆ N \ {v1 }
xpij

, xpji

∈ {0, 1}∀ e {vi , vj } ∈ Er p ∈ {1..K}

p
p
yij
, yji
∈ {0, 1}∀ e {vi , vj } ∈ Er p ∈ {1..K}

(8)
(9)
(10)

The constraint (3) ensures that each input node must have
an output which allows vehicles to leave a node once they
returns to it. The constraint (4) ensures that each edge is
served exactly by one vehicle and direction. Constraint (5)
specifies that a vehicle must pass through a given edge before
serving. The capacity constraint is presented by inequality (6)
and the connectivity is provided by constraint (7).
The first objective aims to reduce the sum of routing and
service costs of all edges or arcs (1). As was mentioned

above, the second objective is to find a solution with balanced
trips. The second objective is formally defined as the standard
deviation of trip costs (2).
It is almost impossible to find an optimal solution in
polynomial time except for small instances. In the real life
problems, we have to deal with large size instances that
require an increasing computational time. So to deal with
this complex problem, the use of heuristics or meta-heuristics
is essential. In the next section, we will present a modified
Path-Scanning Heuristic (PS) aiming to find good solutions
for BCARP.
IV. BALANCED PATH -S CANNING H EURISTIC
A. Path Scanning algorithm
The Path-Scanning (PS) is a constructive heuristic proposed
by Golden et al [3] for solving CARP. In this heuristic, the
solution is built as follows: routes are created one by one and
each one is built incrementally by starting at the depot. From
the last node nl of the emerging tour, we choose the required
edge e = [ni , nj ] that has not yet been served and which is
compatible with vehicle remaining capacity by using the ruleselection C(e):
C(e) = M in(Sp(nl , ni ), Sp(nl , nj ))

(11)

SP is the shortest path between two nodes. The rule selection
can return several required edge candidates. Thus, five rules
are used to break ties and select the next arc (ni , nj ) that have
the service cost cij and the demand dij :
• R1 : Maximize the ratio cij /dij
• R2 : Minimize this ratio cij /dij
• R3 : Maximize the return cost from j to depot
• R4 : Minimize the return cost from j to depot
• R5 : Apply R3 if the vehicle is less than half-full and R4
otherwise
PS computes five solutions successively, each one
corresponding to one rule before returning the best one.
B. Balanced Path Scanning for solving BCARP
The heuristics used in CARP can be modified to deal with
other variants of CARP. In the case of multi-objective CARP,
there are a lack of works related to the heuristics. In this paper,
we propose a modified path scanning heuristic to deal with
Balanced CARP, where the number of vehicles is fixed. For
that, we change the strategy to construct trips solutions. Instead
of building trips one by one ,the modified PS builds all the trips
simultaneously. At the beginning all the trips are initialized.
Then at each step a trip is incrementally extended. For this
purpose, we have added a rule (see equation 12), that allows
to choose the trip k to be extend at each step:
C(k) = M in(ck ) ∀k ∈ {1..K}

(12)

where ck is the current cost of emerging trip k.
A similar work has been proposed in [11], where Path
Scanning has been modified to minimize the global cost
and the make-span. The trips are forced to not exceed a
defined length L. This last version guarantees a balance into
a solution but the global balance is not guaranteed. Note that
the comparison with this work cannot be considered because
the number of vehicles is a decision variable while it is a
fixed variable in our case.
To solve BCARP we propose the algorithm 1 that is mainly
a modified version of PS heuristic presented in [12]. The
Balanced PS (BPS) requires that the capacity of all vehicles is
enough to satisfy all required edges. Each edge in the set Er
is represented by the arc (Er+ ) and it’s inverse (Er− ). BPS
initiates all the trips at the same time and saves the state
of each trip k ( current load, current cost, last arc) and a
boolean representing either the trip is closed or not yet. Each
iteration selects the current trip to be expanded from the trips
not yet closed using the function min(cost, closed). This latter
returns the trip with minimum cost. To break ties, the function
better(arcbest , a, rule) is used, returning T rue if the arc a is
eligible than arcbest according to rule. The rule is instantiated
by one of five rules to get the five solutions.
C. Theoretical complexity
In regard to complexity, PS heuristic is iteratively repeated
and requires all pairwise shortest path of nodes. Consequently,
the complexity of PS is O(n3 ) [4]. For BPS, only a step
which selects the emerged trip to be extent has been added.
This step requires all current costs of emerged trips. Thus the
complexity of BPS heuristic is O(k ∗ n3 ) where n and k are
the number of nodes and vehicles respectively.
V. E XPERIMENTS
In order to validate experimentally our contribution, we have
implemented PS and BPS in Java by using NetBeans IDE 8.0.2
under the 64 bits Seven Operating System. Experiments are
concluded on laptop with configuration of Intel(R) CoreTM
I3 2.20 GHz and 4 GB of RAM. In the following BPS is
compared to PS in terms of trip costs and the balance between
trips. The tests are performed among a total of 63 instances
with 6-50 nodes and 11-97 required edges, downloaded from
the site http://logistik.bwl.uni-mainz.de/benchmarks.php:
• Kshs: 6 instances proposed in [13] with 6-10 nodes and
15 required edges.
• Gdb: 23 instances employed in [3] including 7-27 nodes
and 11-55 required edges.
• Val: 34 instances generated in [14] with 25-50 nodes and
34-97 required edges.
The number of vehicles is a decision variable in PS and
a fixed variable in BPS. For a fair comparison, we consider
the same number of vehicles in both heuristics. Consequently
we eliminate the instances Kshs4, gdb13,gdb20, 1C and 3C
which use extra vehicles in BPS to satisfy all requests. PS
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Algorithm 1 Balanced Path Scanning
Require: K: number of P
vehicles, Q: capacity, Er : a set of
K
required edges, where p=1 re∈Er ≤ (Q × K)
Ensure: T : a set of K trips
Ar ← (Er+ ∪ Er− ) a set of required arcs
// open all trips
for k = 1 To K do
T (k) ← ∅
load(k), cost(k) ← 0
last(k) ← depot; closed(k) ← f alse
end for
while Ar 6= ∅ do
//get the current trip
cur ← min(cost, closed)
d←∞
for all a ∈ Ar |load(cur) + ra ≤ Q do
if dist(last(cur),a) < d then
arcbest ← a
d ← dist(last(cur),a)
else
if dist(last(cur),a) = d and better(arcbest , a, rule)
then
arcbest ← a
end if
end if
end for
if d = ∞ then
//close the current trip
cost(cur) ← cost(cur) + dist(last(cur),depot)
closed(cur) ← true
else
cost(cur) ← cost(cur) + dist(last(cur),arcbest )
load(cur) ← load(cur) + rarcbest
last(cur) ← arcbest
remove the arc arcbest and it’s opposite from Ar
end if
end while
is implemented in different ways because it is described
literally. The results depend on how the required edges are
sorted and on the way the rules are applied.
The tables I and II summarize the behaviour of the
two heuristics for all instances and for each benchmark
respectively.
For each instance, both PS and BPS are ranked with respect
to the cost and the balance measures in such a way that the
best results get rank 1.
In terms of the costs, PS outperforms BPS. Indded PS
presents 40 best results among 58 ones. At the opposite,
BPS presents 48 best values while PS presents only 10 best
results when considering the balance measure. The average
rank confirm them.
PS and BPS are ranked according to the sum of costs and
balance measures. The sum rank considers all instances. With

156

respect to the sum metric, BPS outperforms PS both for costs
and balance measures.
TABLE I
S UMMARY OF RESULTS FOR ALL INSTANCES

Rank 1
Rank 2
Average Rank
Sum Rank

Cost
PS
BPS
40
22
18
36
1,31
1,62
2
1

Balance
PS
BPS
10
48
48
10
1,83
1,172
2
1

The table II considers separately the different benchmarks.
As we can observe it the BPS outperforms PS only in the
Kshs set. In Gdb and Val set BPS give better results when
regarding the balance metric. From smallest benchmarks
(Kshs) to largest (Val) benchmark, the average rank (both in
Cost and Balance) decreases in PS contrary to BPS.
The tables

III, IV and

V give detailed results for

TABLE II
R ESULTS FOR TEST SETS

Kshs
Gdb
Val

Average Cost Rank
PS
BPS
1,6
1,4
1,33
1,52
1,25
1,72

Average Balance Rank
PS
BPS
2
1
1,86
1,14
1,78
1,22

each benchmark. For each instance, the trips number K, the
cost and balance obtained by PS and BPS are displayed. Best
solutions for one objective are given in bold, The results are
starred when a heuristic gives best solutions both in terms of
two objectives (cost and balance metrics).
TABLE III
R ESULTS FOR K SHS SET
Instance
kshs1
kshs2
kshs3
kshs5
kshs6

K
4
4
4
3
3

PS
15670
10911
9757
12097
11091

Cost

BPS
15139*
10093*
9783
12095*
11596

Balance
PS
BPS
981,07
650,10*
698,157
439,37*
1675,58
652,88
854,63
265,478*
1639,16
546,26

VI. C ONCLUSION
In this paper, a Balanced Path Scanning (BPS) has been
proposed to deal with Balanced CARP. This latter can be
viewed as a bi-objective CARP where the goal is to find
a set of trips that serve a subset of edges with minimum
cost and balance of cost trips. Path Scanning heuristic takes
only into account the total cost of trips. As a contribution
in this problem, we have modified Path Scanning heuristic
to take a good balance between the costs trips. Experimental
results show that BPS outperforms PS when dealing with small
instances both with respect to cost and balance measures. For
the medium and large instances, BPS outperforms PS with
respect to the balance measure. As a next perspective to this

TABLE IV
R ESULTS FOR G DB SET
Instance
gdb1
gdb2
gdb3
gdb4
gdb5
gdb6
gdb7
gdb8
gdb9
gdb10
gdb11
gdb12
gdb14
gdb15
gdb16
gdb17
gdb18
gdb19
gdb21
gdb22
gdb23

K
5
6
5
4
6
5
5
10
10
4
5
7
5
4
5
5
5
3
6
8
10

Cost
PS
BPS
350
332
366
381
393
325*
287
302
438
452
324
327
363
341*
454*
633
354
359
295
304
447
427*
628
626*
114
114*
60
60*
133
133*
95
91*
177
178
57
59
170
177
208
203
251
253

Balance
PS
BPS
14,35
16,22
10,69
7,47
18,15
11,35*
11,95
9,33
17,96
6,38
14,27
5,69
13,14
6,24*
13,74*
17,61
9,84
8,71
9,63
7,31
24,13
3,41*
49,11
12,96*
5,48
1,90*
7,65
1,41*
10,98
2,24*
6,57
2,57*
12,44
4,07
4,08
3,37
8,54
4,53
4,03
6,97
11,52
5,54

TABLE V
R ESULTS FOR VAL SET
Instance
1A
1B
2A
2B
2C
3A
3B
4A
4B
4C
4D
5A
5B
5C
5D
6A
6B
6C
7A
7B
7C
8A
8B
8C
9A
9B
9C
9D
10A
10B
10C
10D

K
2
3
2
3
8
2
3
3
4
5
9
3
4
5
9
3
4
10
3
4
9
3
4
9
3
4
5
10
3
4
5
10

Cost
PS
BPS
186
198
198*
234
250
251
284*
303
516
637
88
89
99
100
451
441*
448
470
525
547
656
769
455
451*
497
466*
521*
557
720
703*
258
260
271*
293
381*
435
326
318*
334
341
394
477
433
421*
459
449*
596
631
348*
377
352
360
389
389*
497
501
453
469
476
495
503
502*
614
639

Balance
PS
BPS
16
3
4,97*
10,42
16
6,52
8,37*
11,34
19,03
15,28
5
3,54
4,97
2,08
17,33
0,82*
13,80
8,46
14,20
10,43
19,45
15,34
12,14
6,66*
15,90
4,53*
16,09*
18,60
12,63
4,82*
17,66
8,60
5,72*
7,30
10,03*
15
4,08
3,74*
9,95
3,57
6,82
11,85
18,98
3,70*
19,96
10,09*
21,08
9,29
3,27*
7,44
9,82
3,08
10,39
4,56*
8,81
6,77
25,35
3,42
21,53
2,29
14,30
4,43*
14,69
5,09

work we have to investigate other heuristics to improve this
first result.
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Fig. 1. automated dispensing cabinets, Pyxis
MedStation 4000.
Abstract— In this article we propose to study one of the real
problems of combinatorial optimization in healthcare public; the
assignment of drugs to different compartments of drawers. It is a
matter of placing a set of drugs in the compartments of a drawer,
making sure not to place two similar drugs (drugs with
packaging or similar sounds but with different contents) in
neighboring compartments. During this research, we were able to
establish analogies between the drug assignment problem and the
SUDOKU grid filling problem. We will show the interest and
effectiveness of this approach through a concrete example.
Keywords— Automated dispensing cabinets ADCs,
dispensing errors, patient safety, QAP quadratic assignment
problem, Sudoku

I.

Introduction

In order to improve the quality of the drug dispensing
system, it is important to work on the analysis of errors and
the possibilities for improvement. Indeed, some points require
further study, such as frequency analysis and sources of errors
as well as latent errors. By analyzing the causes of errors and
trying to reduce the risk of errors, an improvement of the
system is possible. To do this, it is essential to implement
major changes in the processes governing the drug circuit.
This being the case, for effective prevention, high security
technologies, such as computerized prescription; automated
dispensing; automated preparation and automatic final checks
can significantly reduce the error rate. However, these
techniques are not yet a widespread practice within hospitals.
Before introducing these measures, many strategies can be
implemented to reduce the risk of error and improve the
quality of the system. Therefore, improvement requires the
implementation of these measures.
They are intended to replace conventional cabinet storage
in a care unit. The ADCs (Automated Dispensing Cabinets)
(Fig.1) allows secure storage and restricted access to
medicines for authorized staff: pharmacists and doctors. By
facilitating, among other things, the selection of medications
by nurses through rapid access and the signaling of the drug to
be taken by a light signal, they must make it possible to reduce
medication errors (EM) [1].

the article is composed of several sections. In Section 2,
we will present a review of the literature on medication
dispensing systems, including Automated Dispensing Cabinets
(ADCs). In section 3 we will first discuss the issue of
assignment in drawers of the dispensing cabinet. We will
propose in section 4 the similarity between the drug
assignment problem and the SUDOKU puzzle, and we will
explore the application of SUDOKU's solving techniques to
our problem. Finally, we end in section 5, with a conclusion
with future perspectives.
II.

Literature Review

Improving patient safety is still a priority in the hospital
environment, and pharmacists have studied various strategies
and technologies to achieve this goal. Automated dispensing
decentralized drug delivery systems that store, distribute and
monitor drugs by computer have been recommended as a
potential mechanism to improve patient efficiency and safety.
They are currently widely used in many hospitals [2]. The fact
that these systems can improve the efficiency of drug
distribution, as well as their ability to reduce medication
errors, is controversial and depends on many factors, including
how users design and implement systems [3].
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Nevertheless, several studies have shown a positive impact on
the reduction of dispensing errors after the introduction of
Automated Dispensing Systems (ADSs) in care units [4]; [5];
[6]; [7]; [8]; [9].
The dispensing machines provide secure storage of
medicines in the care units, as well as electronic monitoring of
the use of controlled drugs. Automated dispensing cabinets
improve the availability of different doses and facilitate the
timely delivery of drugs by increasing their accessibility in
patient care units [10].

(1)
Parameters:
n: the total number of installations and locations
Fik: the flow of installations from location i to location k.
Djl: the distance from location j to location l.
Variables :

On the other hand, since the first introduction of dispensing
cabinets by hospitals, there has been an increasing number of
reports of medication errors created by these systems [11]; [12].
According to a safety bulletin from the Institute for Safe
Medication Practices Canada (ISMP Canada) that reviewed
these technologies, it is noted that the nature of the risks
associated with these systems are attributed to the abuse and
random placement of drugs in the compartments. The ISMP
Canada report made 24 recommendations to ensure that
automated dispensing systems are used to minimize the risk of
medication errors.
In ADCs and other dispensing systems, there is always the
problem of confusion of drug names and their packaging, which
can lead to potentially dangerous dispensing errors. These drugs
are called look-alike, sound-alike [13]; [14]. Each stage of the
"medication circuit" (from the prescription of the drug to the
administration to the patient) can cause confusion between
products of similar appearance or names.
III.

Problem Position

(2)
(3)
Xij is binary.

(4)

The objective function (1) minimizes total distances and
flows between installations. Constraints (2) and (4) make it
possible to ensure that each installation i is assigned to a single
location. Constraints (3) and (4) ensure that each location has
exactly one installation delivered to it.

IV. The

In a first work, (Pazour and Meller, 2012) [15] treated the
problem of allocation of drugs in the drawers of a medicine
cabinet subdivided into compartments of the same size (matrix
form), avoiding placing the pairs that have a great similarity rate
between them side by side. Two compartments are considered
neighbors when they share one side in common. The assignment
problem that we are considering here is to determine the
compartments that will receive the drugs by knowing the
similarity matrix of the drugs and avoiding placing two similar
drugs in two neighboring compartments. This problem is
considered an FLP "Facility Layout Problem" [35] [36] whose
mathematical formulation is given in the form of QAP
"Quadratic Assignment Problem". [16] [17] [18] [37] [38].
Pazour and Meller (2012) [15] tried to solve this problem, using
CEPLEX 10.1, but could not find a solution because of PC
memory limitations. Then they proposed to work with a
heuristic approach. They developed a heuristic approach called
(a steepest-descent-pairwise-exchange algorithm).
The effectiveness of the approach used by Pazour and Meller
was tested on real data from the use of ADCs. For the same
assignment problem of Pazour and Meller (2012), (Hachemi and
Alla, 2013) [19] developed an approach based on controller
synthesis by petri nets. The goal was to add control places to
prohibit placement of two similar drugs side by side. To do this,
they used the invariant method.
The following notation is used in the formulation of the
QAP [20]; [21]:
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Similarity of The Drug
Assignment and Sudoku Puzzle
In the first time, our contribution was to approach the
assignment of drugs in a set of drawers to fill a SUDOKU
puzzle. We presented the concept of Sudoku (chaker and
Hachemi,2018) [22]. The famous Sudoku numerical enigma
represents a constraint problem, the classic Sudoku consists of
filling a grid of (9 × 9), divided into nine blocks (3×3), so that
each column, row and block contain different numbers of 19[23] [24] [25].
Sudoku problem attracts much attention from mathematicians
and computer scientists, it is classified as NP-complete
problems. Several methods of solving Sudoku have been
proposed, such as recursive backtracking, simulated annealing,
integer programming, balancing algorithms Sinkhorn, the
projection method [26] [27] [28] [29] [30]
We have shown the similarity between the drug assignment
and the Sudoku puzzle, see the Table 1. And we have
presented a numerical example according to the similarity
matrix that represents the similarity rate between all the drug
pairs that we want to allocate in drawers of an automated
ADCs cabinet. Such as When the element is equal to 1 it
means that the two drugs are similar and therefore, they should
not be placed side by side. On the other hand, if the element is
equal to 0, this means that the two drugs are not similar and
can therefore be placed side by side.

Table. 1. The comparison between the drug assignment and
the Sudoku problem
Drugs assignment problem
Avoid placing two similar
drugs in the neighborhood

Sudoku
Place the numbers from 1 to
9 only once in the row,
column, and block
Blocks, Sudoku grid
Cells
Modeling
(ILP)
Integer
Linear Programming
NP-complete problem

Drawers
Compartments
Modeling (QAP)
NP-hard problem

1.
Sudoku grid applications
a) Development of drawer (5×6) by the Sudoku of
(4×4)
The columns 5 and 6 take the same coding of the columns 1
and 2 respectively, and the row 5 takes the same coding of
first row, as shown in Fig.3.
Fig. 3. Coding by sudoku (4×4) development

Our contribution in this study is to generalize the assignments
by the Sudoku puzzle with the different seizes (4×4), (5×5),
(6×6) and (9×9). We can consider the both like drawer either
the block or all the grid of Sudoku, because the contain blocks
e.g. the grid of (9×9) contain 9 blocks.
We use these standards sizes of Sudoku to develop other
sizes like (5×6), (6×7), (7×8) …etc.
We work to optimize the Sudoku coding to minimize the
coding just using 1 and 2 for maximize the number of similar
medications.
This flow chart below (Fig.2) summary all steps are followed
to solve this drugs assignment problem and the filling an
ADCs for avoiding confused similar medications when
dispensing drugs step, and reduce the rate of errors in the both
steps dispensing and administration.
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b) Development of drawer (5×6) by the Sudoku of
(5×5) The column 6 takes the same coding of the first column.
Fig. 4. Coding by sudoku (5×5) development
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Fig. 2. Flow chart of Sudoku approach
c) Development of drawer (5×6) by the Sudoku of (6×6)
Begin

In this case, we need to delete the last coding row.
Fig. 5. coding by Sudoku (6×6) development

Initialize the number of drawer D, and drawer size
m, n.

Initialize the number of drugs M.

Initialize and determine groups of similar drugs according to
look alike - sound alike. Each group of m or n according to the
choice of assignment by column or line.

Divide these group drugs by the number of drawers
M to make the equilibrium.

Code these groups by numbers according to the chosen
sudoku solution.
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d) Development of drawer (5×6) by the square magic
(3×3)
We applique the same method to place the coding from magic
square coding to the cases empty, as shown in Fig.6.
Fig. 6. coding by magic square (3×3)

Initialize the characterization factors that can be make the
difference between drugs of the same coding

Assign these drugs according to the given
coding

End
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This bar chart shows the comparison between different coding,
such as the coding by 1 and 2 accept more similar
medications. We can also conclude which coding help us
during the drugs assignment according the number of similar
medications is equal the repetition code.
2.
Performance assessment
There are many factors, we can take its by consideration for
more precision and more performance like: concentration,
dosage form (solid, liquid, injection…), demand (high,
medium, low), usage (pediatric, adult ...), allergic cause
In the study of Pazour and meller (2012), they calculated the
similarity rating with all these factors with same impact. By
this method you have to know the similarity rating between all
drugs you want to assign. This method is difficult and longer
to find solution either exact or heuristic.
We suggest to put the priority to avoid firstly the confused
drugs names because the drug names have important impact to
make confused errors according some studies [31] [32][33],
then we assign the drugs by Sudoku technique [30], and next
we take other factor by consideration for put the medication
which have more common factors more far then medication
don’t have common factors; as shown in Table 3.

e) Optimization of the coding for using just 1 and 2
We use this coding to maximize the number of similar
medications and facilitate the coding of medications.
We consider the benchmark size of drawer (5×6), the coding
become like Fig. 7.
Fig. 7. coding only by 1 and 2
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The Table 2 and the bar chart (Fig.8) present the various
coding and repetition for every code.
Table. 2. Repetition of codes for different possible solutions
Coding

1

2

3

4

5

6

7

8

9

4×4
repeat

8

8

7

7

0

0

0

0

0

5×5
repeat
coding

6

6

6

6

6

0

0

0

0

6×6
repeat
coding

5

5

5

5

5

5

0

0

0

Square
magic
repeat
coding

4

2

4

2

4

4

4

4

2

1 and
2
repeat
coding

15

15

0

0

0

0

0

0

0

Table. 3. Factors effect and similarity degree
Medication

Concentration Dosage
form
ceFAZolin
+
+
cefoTEtan
+
cefOXitin
cefTAZidime +
cefTRIAXone +
+

Coding

+ have the same value.
- have different value.
According this information factors, the medications still
having the same coding, but we put the medications which
have the same similarity degree far than other medication have
the same coding.
In this part, we have proved that we can use different size of
sudoku for different size of drawer. Then how to apply the
priority in assignment when we take into account many factors
of similarity. Next, by sudoku technique we can know the
capacity of confused drugs could be assigned for any drawer
size in different cases as shown in sudoku grid application.
Finally, sudoku technique give us an opportunity to minimize
medication errors when we maximize the number of confused
drugs.

Fig. 8. bar chart present different coding
16
14
12
10
8
6
4
2
0

Demand Similarity
degree
+
+++
+
++
+
+
+
++
+
+++

4×4 repeat
coding
5×5 repeat
coding

Example: in this example, we assign 30 medications to a
drawer of 30 compartments. All these medications from
ISMP’s list of confused drug names.

6×6 repeat
coding

We give all similar medication groups the same coding
according the drawer capacity. We never put the different
coding for the similar medication e.g. we have three similar
medication, so we give the same coding for them.

Square magic
repeat coding
1and 2 repeat
coding

In this case of our example, we can use three different coding,
see the Table. 4 and the medication assignment in the Table 5.
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Table. 4.Real example of confused drug names and its coding
Medication

FluvoxaMINE

Altocor

ePHEDrine

ALPRAZolm

CARBOplatin

CeFAZolin

ClonazePAM

Confused
with

LuPHENAZie
flavoxATE

Advicor

EPINEPHrine

LORazepam
clonazePAM

CISplatin

Medication
number
Coding 1
Coding 2

3

2

2

3

2

CefoTEtan
cefOXitin
cefTAZidime
cefTRIAXone
5

CloNIDine
cloZAPine
cloBAZam
LORazepam
5

1
1

3
1

3
1

2
1

4
2

1
1

2
2

Coding 3

1

1

2

2

6

3

4

Table.5. medications assignment for drawer (5×6) benchmark
2
LORazepam
4
hydrOXYzine
1
ceFAZolin
3
FLUoxetine
2
LORazepam

1
fluPHENAZine
3
Advicor
2
clonazePAM
4
hydrALAZINE
1
cefTRIAXone

4
CARBOplatin
2
clonazePAM
3
EPINEPHrine
1
cefOXitin
4
hydroCHLOROthiazide

3
Altocor
1
flavoxATE
4
DACTINomycin
2
cloZAPine
3
PARoxetine

2
ALPRAZolam
4
CISplatin
1
cefoTEtan
3
DULoxetine
2
cloBAZam

1
fluvoxaMINE
3
ePHEDrine
2
cloNIDine
4
DAPTOmycin
1
cefTAZidime

The current study found that:
-

We can see no similar couple medication put it on
adjacency

-

When the staff of hospital and pharmacy understand
this operating principle of our assignment method
can be reduce significantly the human selection error.

-

This benchmark can be support 15 similar medication

-

We can use this technique manually or programed.

-

One interesting finding is how to extract the utility
and advantage sudoku problem solutions without
pass to other algorithms execute (search a heuristic or
metaheuristics).

v. Conclusion
In this article, we proposed to study the problem of
assigning a batch of drugs to a set of drawers
composing an ADC. The mean idea is based on the
exploitation of a similarity between the problem of
drug assignment and Sudoku grids of corresponding
sizes. The approach developed consists in coding the
different drugs to be affected according to several
groups. Then from the solution of the Sudoku grid of
the same size, a drug is placed according to its code
in the grid. This provides an assignment that
separates drugs from the same group preventing them
from being side by side. The application of the
approach remains valid for different drawer sizes,
and how to optimize this application like coding only
by two codes. As a perspective, on the one hand we
work to draw a well-structured organigram in order
to program these steps of coding the drugs according
to look-alike sound -alike, then we consider other
characterization factors as a step to raise the
performances in different cases and several drawers.
And on the other hand, we will evaluate the
performance against the use of other techniques and
heuristics for solve this problem.

-

The time execution to solve sudoku one of NPComplete by approach solution (heuristic or
metaheuristic problem) is less than the time to solve
of NP- Hard [21] [34], See the Tables 6 and 7.
Tableau. 6. algorithms execution time to solve Sudoku puzzle
Algorithm Brute
SA
GRA
GA
HS
force
Shortest
0.002
0.09
0.002
0.9
3
time (s)
Longer
0.25
1.3
0.07
11.4
100.6
time (s)
Tableau. 7. Algorithms execution time to solve QAP
Algorithms
GA
TS
SA
Shortest time (s) 8.6
0.1
2.3
Longer time (s) 33.6

17.8

13.7
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Abstract—The Multi-Robot Task Allocation problem of is
the situation where we have a set of tasks and a number of
robots, and each task have to be assigned to the appropriate
robots that optimize some criteria, e.g. allocate the maximum
number of tasks. We present an effective solution to address
this problem. It implements a two-stage methodology: first, a
global allocation using firefly algorithm, then a local allocation
combining artificial bee colony optimization and quantum genetic
algorithms. Experimental results show the effectiveness of the
proposed solution in terms of the number of allocated tasks and
the allocation time.
Index Terms—Multi-Robot System, Task Allocation, Firefly
Algorithm, Artificial Bee Colony Optimization, Quantum Genetic
Algorithms.

I. I NTRODUCTION
Nowadays, Multi-Robot Systems (MRS) are almost in every
aspect of our daily lives, and intensive research is being done
to achieve their opportunities. The main motivation behind
such attention is because they make it easy to solve many complex problems, such as industrial applications, surveillance,
and rescue missions in environments hit by natural disasters
[1].
Also, it must be mentioned that the design of a MRS must
consider interactions between its components – i.e. robots,
otherwise, it risks to produce a system with limited and
non-deterministic performance [2]. Thereby, one of major
coordination problems, that researchers must solve in this field,
is the Task Allocation – named Multi-Robot Task Allocation
(MRTA) [3].
To illustrate the correlation between task allocation, multirobot system, and industrial applications, we give the following scenario: Think of An online sale company that sells
an article every hour; a robot at the warehouse receives the
order, finds the item, packages, prepares and sends it through
an appropriate postal service. What happens if the company
sells 20 items every hour? Every minute? Each second? In
2013, Amazon’s online sale site sold 36.8 million items on
a particularly popular shopping day. With 426 items ordered
per second that day, a single robot would struggle to meet and
follow all orders. If the warehouse used a team of robots i.e.
a multi-robot system, each robot should plan an efficient path,
e.g. the shortest one, through the warehouse to retrieve the

items to be shipped without colliding with others and without
taking their objects.
A. Definition of the MRTA problem
The MRTA problem can be defined as follows: We assume
that we have some tasks to be performed and robots that are
capable of achieving these tasks: for example, we assume
a task that requires capturing temperature and humidity of
a given place; if a robot can capture at least one of these
two measurements, then we say it can achieve this task.
Considering tasks to be allocated, the system should find the
robots are adequate to execute them. These assignments must
optimize the cost function taken into account, e.g. minimize
completion time or makespan. It is worth pointing out that
the cost function is global, i.e. it considers the achievement
of all task. So, the goal is to coordinate robots’ behaviors
and find an optimal way to allocate all tasks [4], i.e. usually,
the task accomplishment requires sensors and actuators, if a
sensor or actuator is offered by several robots, the coordination
of robots’ behaviors means how these resources are used: e.g.
the order and period of use, etc. As illustrated in Figure 1 the
MRTA problem can be formulated as an optimal assignment
problem, where the objective is to optimally allocate a set
of tasks to a set of robots while optimizing a given cost
function, e.g. minimize the consumed energy, and satisfy some
constraints.

Figure 1: Multi-Robot Task Allocation problem.
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In this problem, we consider a set of mobile robots:
R = {r1 , r2 , . . . , rn} and set of feasible tasks: T =
{t1 , t2 , . . . , tm }. We also consider a set of robots utilities: uij
is the robot utility i to execute task j. The basic mathematical
formulation of this problem is described in Table I [5].
Table I: The basic mathematical formulation of MRTA problem
optimize
subject to
1)
2)
3)
Where
xij

:

N
M
uij

:
:
:

P

i∈N

P

j∈M

xij uij

P
Pj∈M xij = 1
i∈N xij = 1
xij ∈ {0, 1}

,
,
,

Urt =
∀i ∈ N
∀j ∈ M
∀i ∈ N, ∀j ∈ M

xij ∈ {0, 1} is an indicator. If xij = 1, then task j is
allocated to robot i, otherwise it is not.
robots’ set.
tasks’ set.
cost function to be optimized.

B. Definition of bids
Solving the MRTA problem, in an optimal way, is to find
assignments between the given set of tasks to a subset of
the available robots, while optimizing a considered numerical
measurement. Commonly, this value is named bid [7]. To
approach this concept, we give some tasks that must be
allocated to some robots. We assume that every robot is
capable to compute a numerical value for each task – noted
uij . Thus, the bid of a robot r for a task t is computed by
Equation (1).

Where
qrt
:
crt
:



qrt − crt
∞

, if r is capable of executing t
, otherwise





Where
QRT
:
CRT
:

Also, other constraints may be considered, e.g. spatial, energetic, and temporal. In linear programming, this formulation
is called assignment problem – can be easily solved using an
adequate algorithm, e.g. Hungarian method [6]: a combinatorial optimization algorithm that solves the assignment problem
in polynomial time. Generally, exact methods do not capture
constraints imposed by real-life problems, hence the need to
rethink them for the treatment of complex cases.
A task is a sub-goal of the system it belongs to, and then
the accomplishment of all tasks is considered the ultimate
goal of the system. It is executed in a dependent manner –
e.g. after another task, or in an independent manner – i.e. no
constraint is imposed. It is discrete – e.g. move an object from
point A to point B, continuous – e.g. monitor the entry of a
bank, or hybrid – e.g. move an object from point A to point
B while monitoring its environment to avoid collisions. To
allocate tasks, every robot must calculate a numerical value
for each one. Intuitively, this measurement is called utility –
i.e. it expresses cost, gain, distance, time, or their combination.

urt =

Also, it is important to note that the bid of a robot for a
task can depend on other robots’ bids of the same environment
[8]. Thereby, the previous equation can be generalized to
manipulate robots’ and tasks’ subsets. We assume that R and
T are two robots’ and tasks’ subsets – |R| ≥ 1 and |T | ≥ 1.
Thus, Equation (1) can be reformulated as follows.

(1)

quality of performing t by r.
cost of performing t by r.
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QRT − CRT
∞

if robots in R are capable
of executing tasks in T
, otherwise

,

(2)

quality of performing tasks in T by robots in R.
cost of performing tasks in T by robots in R.

In practice, we find several variants of MRTA problems, and
the choice of algorithms to solve them depend on the faced
configuration. In the next section, we give three taxonomies
used for the classification of MRTA problems.
C. Taxonomies for MRTA problems
In the literature, we find three taxonomies to categorize
MRTA problems. Their purpose is to propose a classification of task allocation situations into classes, so that reallife problems can be projected onto one of them – often a
mathematical formulation is given. For simplicity, we shall
name these taxonomies: taxonomy A, B, and C, respectively.
1) Taxonomy A: The authors of [7] categorize MRTA
problems by proposing a classification which is articulated
around three axes. The first one distinguishes robots according
to their abilities to be assigned either to a single task or several
tasks at a time. The second one distinguishes tasks according
to their need to be allocated either to a single robot or to
several robots at the same time. The third one takes into
account how tasks are assigned to robots considering either
only current or both current and future information.
The authors [7] defined two points at each axis as follows.
Axis 1: Single-Task Robots (ST), Multi-Task Robots (MT),
axis 2: Single-Robot Tasks (SR), Multi-Robot Tasks (MR),
and axis 3: Instantaneous Assignment (IA), Time-extended
Assignment (TA). That is to say, Single-Task Robots (ST) vs.
Multi-Task Robots (MT) i.e. the number of tasks that a robot is
capable of executing simultaneously; Single-Robot Tasks (SR),
Multi-Robot Tasks (MR) i.e. the number of robots required to
execute a task simultaneously; Instantaneous Assignment (IA)
vs. Time-extended Assignment (TA) i.e. allocations are done
without considering or considering future tasks.Thus, eight
problem classes are distinguished, i.e. ST-SR-IA, ST-SR-TA,
ST-MR-IA, ST-MR-TA, MT-SR-IA, MT-SR-TA, MT-MR-IA,
and MT-MR-TA. Despite its good coverage of most MRTA
problems, however, this taxonomy does not capture problems
with interrelated utilities, and temporal constraints on tasks
and robots [7]. Hence the need to propose a taxonomy that
addresses these limitations.

2) Taxonomy B: The authors of the work [8] modified
taxonomy A by adding a higher level which expresses interdependence degrees between tasks and robots. This taxonomy
is a hierarchy with two levels. The second one includes the
classes proposed in Taxonomy A. The first one encompasses
four interdependence degrees between tasks and robots as
follows. One, “No Dependencies (ND)”: The utility of a robot
for a task does not depend on anything – it covers ST-SR-IA
and ST-SR-TA problem classes. Two, “In-Schedule Dependencies (ID)”: The utility of a robot for a task depends only on
its schedule – it covers ST-SR-TA, MT-SR-IA, and MT-SRTA problem classes. Three, “Cross-Schedule Dependencies
(XD)”: The utility of a robot for a task does not only depend on
its schedule but also on other robots’ schedules, and schedules
are static – it covers the eight problem classes. Four, “Complex
Dependencies (CD)”: The utility of a robot for a task does not
only depend on its schedule and on other robots’ schedules,
but in this case schedules are dynamic – it covers the eight
problem classes.
3) Taxonomy C: The authors of [9] have modified taxonomy A by splitting the “Time-extended Assignment (TA)”
point into two sub-points. This action allows the introduction
of temporal constraints on tasks as follows. First, the sub-point
“TA:TW” which allows to consider temporal constraints in the
form of Time Windows. Second, the sub-point “TA:SP” which
makes it possible to consider Synchronization and Precedence
constraints.
D. Contribution and Paper organization
The main contribution of this paper is the proposal of a
two-stage solution to solve the MRTA problem. In the first
stage the firefly algorithm is applied for the global allocation,
and in the second stage a hybridization – between artificial
bee colony and quantum genetic algorithms – is applied for
the local allocation. On one hand, the MRTA problem is an
optimization problem where a given objective function has to
be minimized (or maximized) satisfying some constraints. On
the other hand, we also know that exact methods – used to
solve such problems – quickly become ineffective when the
search space increases [10], hence the need for heuristics. The
firefly algorithm has a major advantage over other heuristics
because it can subdivide a population of robots into subgroups
using its abilities of attraction and attractiveness. Then each
subgroup is assigned to a task for the second stage (local
allocation). This property allows us to handle several tasks
at once, which increases the efficiency of our solution. It is
worth pointing out that the choice of a heuristic for solving
an optimization problem must combine two main components:
exploration and exploitation of the research space. If they are
well adjusted, these two components allow us – in the second
stage of our solution – to allocate each task to best robots, i.e.
best robots belonging to a subgroup. Optimization solution
using artificial bee colony is known for its well exploration
and quantum genetic algorithm is well known for its well
exploitation of the search space. Then their combination results
in a more efficient heuristic.

The remainder of the paper is organized as follows. In
section II, we give an overview of previous work addressing
the MRTA problem. In Section III, we present the proposed
solution to treat this problem and explain its steps. In section
IV, we simulate our solution, compare it to another approach
[11], and discuss the obtained results. In section V, we give a
conclusion and some perspectives.
II. R ELATED W ORK
We discuss previously proposed approaches to address the
MRTA problem. These solutions are listed taking into consideration the first level of taxonomy B, i.e. they are divided into
four groups. It should be noted that this list is not exhaustive,
however, it covers those frequently cited in the literature [4].
In the first group, we find several approaches in the literature
[7]. Particularly, they dealt with ND[ST-SR-IA] problems.
We mention the work in [12] that uses potential fields, and
works in [13], [14] that use auction-based approaches. In the
second group, we find several works. Generally, they focused
on ID[ST-SR-TA] problems. The work in [15] uses TSP and
mTSP to treat this problem. The solution provided in [16] is
a good solution for the routing problem using mixed linear
programming. Due to their distributed nature, auction-based
approaches are also used to address this problem [17], [18],
[19], [20].
In the third group, there are several works. Among them M+
system [21] which addressed the instantaneous task allocation
by using a market system with precedence constraints. The
work [22] proposes a solution that manipulates constraints on
tasks and a market-economy method. The work [23] addresses
the routing problem by proposing three methodologies –
robots’ teams must perform scientific missions. A solution that
uses quantum genetic algorithms and reinforcement learning
is proposed in [24]. The case of simple task scheduling is
considered in [25] which uses the heuristic: “task x must
be accomplished n second(s) before the starting of task y”.
Another way to solve this problem is to bring it to a coalition
formation problem [26], [27]. The approach proposed in [28]
enhances the works in [26], [27] by minimizing communication rates and imposing constraints on agents’ capabilities. The
authors of [29], [30] use auctions and coalitions to address
this problem. The Framework [31] proposes a solution that
imposes the constraint of shared resources, i.e. communication
mediums and processors. Finally, the solutions proposed in
[32], [33] addressed the problem where robots must consider
current and future information for task allocations.
In the fourth group, there are fewer works because of the
increased difficulty of the problems and the lack of mathematical formulations [8]. The work [34] addresses this problem
while considering both current and future information for task
allocations – the approach has been applied to manage an
environment hit by a natural disaster. The approach presented
in [35] uses coalition formation – this solution was originally named ASyMTRe in its centralized version and latter
ASyMTRe-D in its distributed version. Finally, we mention
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the work [36] that modified [17] and dealt with both current
and future assignments.
III. P ROPOSED S OLUTION
An auction-based solution, named FA-QABC-MRTA (Firefly Algorithm-Quantum Artificial Bee Colony-Multi-Robot
Task Allocation), is presented to solve the MRTA problem.
Auction-based approaches are frequently used to address this
problem because of their advantages, e.g. the simplicity of
cost function satisfaction [37]. These approaches are based on
auctions, which consist of an auctioneer, bidders, and goods.
If a MRTA problem is taken into account, a particular robot
is an auctioneer, rest of robots are the bidders, and tasks
are the goods. We use the Contract Net Protocol [38] for
communications.
A. Roles of system actors and assumptions

i.e. “Periodic Behavior” and “Cyclic Behavior”. The first one
includes the operations that are run periodically – i.e. every
n seconds. The second one includes the operations that are
executed after a message is received. These behaviors are
explained in the following sections.
Algorithm 1: the auctioneer behavior.
1
2
3
4
5
6
7
8

The auctioneer communicates tasks to be allocated to the
bidders and receives their offers. After that, it decides the best
assignments between bidders and tasks and finally notifies the
concerned ones. Although the use of an auctioneer can be a
bottleneck – e.g. if it breaks down then the system will break
down too, but it greatly reduces the number of exchanged
messages and keeps a global view of the current system state.
Also, this solution has the advantage of calculations’ sharing
on bidders (scalability), which would make it possible to
maintain the progression of assignments even if one of them
breaks down (robustness) [37].
The bidders calculate utilities for tasks based on information
they have. So, the overall cost function is divided into subfunctions – estimated in a decentralized and independent
manner by bidders. In our solution, the execution of a task
simply means the presence of resources it requires – i.e. a
task is said to be executed if and only if resources it requires
are all available. The resources are made available by bidders,
and are usually sensors and actuators.
We assume the class of problems ST-MR-IA, i.e. each
bidder is allocated at most to one task at a time, some
tasks are allocated to several bidders at a time, and tasks
are assigned to bidders considering only current information.
We give two non-empty sets B and T – bidders and tasks,
respectively. We suppose that all tasks are known beforehand
or discovered gradually. Each bidder b ∈ B is defined by
a sextuplet hRb , Cb , vb , eb , ab , pb i. The parameter Rb is a
binary vector representing its resources and Cb is a vector
representing resource costs. The other parameters represent
its speed, energy level, aging factor, and spatial position,
respectively. Each task t ∈ T is defined by a triplet hRt , dt , pt i.
The parameter Rt is a binary vector representing resources
it requires. The other parameters represent its duration, and
spatial position, respectively. Next, we present and explain the
different algorithms proposed to address the MRTA problem.
B. Actors’ behaviors
The following algorithms show behaviors of the auctioneer
and bidders. Algorithms 1 and 2 have two sub-behaviors –
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While The Auctioneer Is Alive
responses ← ∅;{It contains bidders’ responses.}

{This behavior is executed periodically.}
Periodic Behavior
{If the condition is met, it means that some tasks
are available for allocation.}
if (|T | =
6 0) then
foreach b ∈ B do
{A message contains the receiver, subject,
and content, respectively.}
sendMessageTo(b,”CHOOSE-ATASK”,T );
end
end
end

{This behavior is executed after a message is
received.}
Cyclic Behavior
responses ← responses
∪{receiveMessageFrom(b)};
{If the condition is met, it means that all bidders’
responses are received.}
if (responses.isAll() = true) then
foreach t ∈ T do
if (t.canBeAllocated() = true) then
{B 0 is a set of robots (B 0 ⊆ B).}
{An allocation is computed using
Algorithm 3.}
B 0 ← computeAnAllocationFor(t);
T ← T /{t};
foreach b ∈ B 0 do
sendMessageTo(b,”NOTIFY”,t);
end
end
end
responses ← ∅;
end
end
end

The task allocation process begins when the auctioneer
announces to bidders the availability of tasks to be allocated –
“Periodic Behavior” of Algorithm 1. To do this, it broadcasts a
message to all bidders – which contains the resources required
by tasks and their position.
If a message is received – “Cyclic Behavior” of Algorithm
2, each bidder chooses a task to execute, calculates its cost, and
replies to the auctioneer – “Periodic Behavior” of Algorithm

2. To choose a task, a bidder executes the firefly algorithm
[39], [40] on received tasks, and gradually converges to one
of them. To converge to a task, we use Eqs. (3) and (4). Once
a task has been selected, the bidder estimates its cost for each
resource it offers using Equation (5). Finally, the bidder sends
its result to the auctioneer. The symbol ⊥ means that the bidder
sends a special notification to the auctioneer informing it that
it did not select any task.

b
ubt
r∈∆bt = [δcr + (1 − δ)(

Where
pb
pt
2
e−γ×(dbt ) × (pt − pb )
γ

:
:
:
:

α

:

rand
dbt

:
:

kpt − pb k
H(Rt , Rb )

:
:

δ

:

∆bt

:

Algorithm 2: the bidder behavior.
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While The Bidder Is Alive
T ← ∅;{It contains tasks available for allocation.}

{This behavior is executed periodically.}
Periodic Behavior
if (|T | =
6 0) then
if (state = ”AVAILABLE”) then
{n is the number of iterations.}
for i ← 1 to n do
foreach t ∈ T do
Converge the bidder to the task t
using Equation (3) and (4).
end
end
t ← choose the closest task to the bidder;
c ← estimate costs of offered resources
using Equation (5);
{A message contains the subject, chosen
task, and costs, respectively.}
sendMessageToTheAuctioneer(”CHOSENTASK”,t,c);
else
{An empty message is sent.}
sendMessageToTheAuctioneer(”CHOSENTASK”,⊥,⊥);
end
T ← ∅;
end
end

eb
vb
) ab ]|∆bt |
kpt − pb k

(5)

position of robot b.
position of task t.
attraction degree of b by t.
attraction variation – its value is very
important for the algorithm convergence
speed and the behavior of b
(γ ∈ [0.01, 100]).
environment noise – its value affects the
visibility of tasks by bidders (α ∈ [0, 1]).
a random value (rand ∈ [0, 1]).
weighted distance between b and t
, it is given by Equation (4).
Euclidean distance between b and t.
Hamming distance between the vectors
Rt and Rb .
parameter serves to balance the two
distances (δ ∈ [0, 1]).
common resources between b and t
– i.e. the resources offered by b to t.

When all bidders’ responses are received, the auctioneer
calculates an allocation for each selected task – “Cyclic
Behavior” of Algorithm 1. To do this, it considers for each
task all the resources offered by the bidders, then it combines
the artificial bee colony and quantum genetic algorithms to
calculate an allocation for it. At the end of this stage, bidders
concerned by the found allocations are notified. Algorithm 3
presents the steps of this combination.
C. ABC and QGA for task allocation
To explain the instructions of Algorithm 3, we use an illustrative example and clarify algorithm equations. It hybridizes
advantages of two methods, well known for their efficiency,
frequently used to solve optimization problems, artificial bee
colony [41] and quantum genetic [42] algorithms.

{This behavior is executed after a message is
received.}
Cyclic Behavior
message ← receiveMessageFromTheAuctioneer();
if (message.isEmpty() 6= true) then
if (message.getSubject() =
”CHOOSE-A-TASK”) then
T ← message.getContent();
end
end
end
Figure 2: A scenario of a MRTA example.
2

pb = pb + e−γ×(dbt ) × (pt − pb ) + α(rand − 0.5)
dbt = δkpt − pb k + (1 − δ)H(Rt , Rb )

(3)
(4)

Figure 2 depicts a simple scenario of a MRTA problem.
In this example, we want to allocate Task1 – it requires
four sensors, i.e. Touch, Sound, Light, and Ultrasonic. These
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sensors are offered by six bidders, i.e. Robot1, Robot2,
Robot3, Robot4, Robot5, and Robot6. To each bidder sensor
is assigned a real valuation representing its cost – calculated
by Equation (5). Therefore, the objective is to find a subset,
i.e. an allocation, satisfying the following three constraints.
1) The cost of this allocation must be minimal among all
allocations,
2) The cardinality of this allocation is equal to the number
of sensors required by the task taken into account – in
the previous example, the cardinality is equal to 4, and
3) Resource repetitions in an allocation are not allowed,
i.e. only one instance of each resource is required.
Generally, this kind of problems can be solved easily and
optimally in linear programming – we just use an exact
method. However, if the number of bidders and resources is
large, then exact methods become very quickly ineffective –
with the previous example, we have to consider 24+3+5+6
different subsets and choose the allocation that simultaneously
satisfies the previous constraints and its cost is optimal.
As a result, we propose to combine the powers of Artificial
Bee Colony (ABC) and Quantum Genetic Algorithms (QGA)
to address this optimization problem. The MRTA problem
being addressed here can be modeled using the formulation
illustrated in Table II. The term ubt
r∈∆bt represents costs of
resources offered by bidders. Rt is the set of resources needed
by the task t. Constraint 1 gives the range of allowed values
for costs. Constraints 2 and 3 ensure that two bidders never
offer the same resource at the same time. Constraint 4 ensures
that the cardinality of an allocation is equal to the number of
resources required by the task. Constraint 5 is an indicator:
if bidder b offers a resource r to a task t then its value is 1,
otherwise its value is 0.

Algorithm 3: ABC and QGA for task allocation.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Randomly initialize a quantum population Fijp of n food
sources using Equation (6);
i ← 0;
p
using Equation (7) – measure of every food
Make Mij
p
;
source Fijp → Mij
p
Evaluate every Mij using constraints c1, c2, c3, and c4 –
fitness function;
Memorize the best food source;
while stopping criteria is not met do
Employed Bee Stage
Perform an update process for each food source
using Equation (9);
end
Onlooker Bee Stage
Randomly select food sources using Equation
(10);
Perform an update process for each food source
using Equation (9);
end
Rotation;
Mutation;
i ← i + 1;
p
Make Mij
using Equation (7) – measure of every
p
food source Fijp → Mij
;
p
Evaluate every Mij using Equation (8) – fitness
function;
Memorize the best food source;
Scout Bee Stage
Select one of the most inactive food sources;
Replace it by a new randomly generated one
using Equation 6;
end
end

Table II: The mathematical formulation of our MRTA problem
P
bt
min
r∈Rt ur∈∆bt
subject to
1)
∀t ∈ T
∀b ∈ B

2)
2)
2)
4)

∀t ∈ T
∀t ∈ T
∀t ∈ T
∀t ∈ T

∀b, b0 ∈ B
∀b ∈ B
∀b ∈ B
∀b ∈ B

ubt
r∈∆
∀r, r0 ∈ Rt
∀r, r0 ∈ Rt
∀r ∈ Rt

bt

∈ [lr , ur ]
0

b t
0
(xbt
r − xr 0 = 0) → r 6= r
0
(xbt
− xbt
=
0)
→
r
=
6
r
0
r
r
P
bt
r∈Rt xr = |Rt |
bt
xr ∈ {0, 1}

1) Initialization of individuals: A quantum population
of food sources is initialized – i.e. individuals, candidate
solutions, or allocations. Each individual contains several
quantum chromosomes – i.e. the number of resources required
by the task to be allocated. The number of genes in each
chromosome is equal to the number of bidders that offered
the corresponding resource – chromosomes’ lengths are not
necessarily identical. Figure 3 shows the structure of an
individual, i.e. a candidate solution, of the previous example.
We consider N the population size.
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Figure 3: An example of an individual.
This individual contains four chromosomes – the task requires four resources, and the chromosomes’ lengths are not

equal. In general, a quantum chromosome is a 2 × m matrix,
where m is the number of genes in each chromosome. For
example, the chromosome 3 in Figure 3 is a matrix 2 × 5 – we
have five robots that offer the corresponding resource, i.e. the
Light sensor. Equation (6) is used for individuals’ initialization
[42].
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its current allocation Xi and evaluates its quality. To
do this, Equation (9) is used. The term Xk is a random allocation. The parameter j is a random index
(j ∈ [1, N ]). The parameter Φij is a random number in
the range [−1, 1]. If new allocation quality is better than
the current one, the employed bee will move towards the
new one – using a greedy selection. Otherwise, it stays
in its current position.



Vij = Xij + Φij (Xij − Xkj )

2) At the end of the previous step, employed bees share
their allocation qualities with onlooker bees. Now (from
line 10 to 13), each onlooker bee chooses an allocation
using a roulette selection. The probability that an allocation will be selected by onlooker bee is calculated using
Equation (10). The parameter f iti is the fitness value of
the solution. If an allocation is chosen by an onlooker
bee, then it will be changed using Equation (9) as in the
previous step.
f iti
(10)
Pi = N
Σj=1 f itj

(6)

2) Measurement and evaluation of individuals: To choose
the best individual of a population – i.e. the best allocation,
first for each individual we project its chromosomes on a
binary space, then calculate its fitness value. To project chromosomes of an individual, we use Equation (7) [42] – this
operation is called measurement or observation.

yi = 0 , m(α) ≤ |αj |2
(7)
yi = 1 , m(α) > |αj |2
Where
m(α)

:

3) In this step (from line 14 to 15), we apply rotation and
mutation. These quantum operators make it possible to
approach the states of various allocations towards the
state of the optimum one, and to disrupt a gene j by
swapping positions of its αj and βj , respectively. The
rotation [42] adjusts, i.e. increases or decreases, gene
values of allocations according to the allocation with the
lowest fitness value. The mutation [42] makes it possible
to explore and exploit new solutions in the search space.
4) The last step (from line 20 to 23) takes place if an
allocation is abandoned for a long period of time.
Algorithmically speaking, this means that the fitness
value of an allocation has not been improved for several
generations. If this happens, scout bees generate a new
solution using Equation (6) and replace the abandoned
one.

a random number in the interval [0, 1].


αj
So, each quantum gene
becomes a binary gene
βj
yj ∈ {0, 1}. Then, the fitness value of each allocation is
calculated respecting the following constraints.
c1:
If a binary chromosome q of an allocation p contains
several 1 – that is: many robots offer the same
resource, then its fitness value is f itp,q = +∞.
c2:
If a binary chromosome q of an allocation p does
not contain any 1 – that is: no robot offers the
corresponding resource, then its fitness value is
f itp,q = +∞.
c3:
If a binary chromosome q of an allocation p contains
exactly 1 – that is: one robot offers the need resource,
then its fitness value is calculated using Equation (8)
[41]. The parameter ubt
q is the cost of resource q
offered by bidder b to task t.
(
1
, ubt
q ≥0
ubt
q
(8)
f itp,q =
bt
1 + abs(uq ) , ubt
q <0



c4:

Finally, the fitness value of an allocation is equal
to the sum of its chromosomes’ fitness values. The
position of the best allocation is saved.
3) Hybridization of ABC and QGA operations: We explain
the instructions of Algorithm 3 “while” loop. These instructions combine ABC and QGA operations to address the MRTA
problem, and find the best allocation for a given set of tasks.
During each iteration the following steps are executed.
1) In this step (from line 7 to 9), each employed bee
calculates a new allocation Vi in the neighboring of

(9)

D. Quality of found solutions
We discuss the quality of generated solutions. It is important
to note that our algorithms use two optimization types, i.e.
global and local. First, the global optimization is done by
bidders using the firefly algorithm in order to select a task to
perform – considering both Euclidean and Hamming distances
(Eqs. (3) and )4)). So, if the parameters of this algorithm are
well adjusted, then we can get very good results.
Second, the local optimization is done by the auctioneer
combining artificial bee colony optimization – a numerical
optimization method simulating the food-seeking behavior of
honey bees – and quantum genetic algorithms – a heuristic optimization method simulating human evolutionary mechanisms
and principles of quantum physics – in order to calculate an
allocation for each task.
Numerical optimization by artificial bee colony has been
widely used to successfully solve many real-world problems.
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This method has a very good ability to explore the search
space. However, in some cases its exploitation of the search
space remains low and its convergence speed is also a problem.
In order to overcome these limitations, this method has been
combined with quantum genetic algorithms. QGA have the
superposition principle, which greatly enriches diversity of
solutions to be exploited and avoids premature convergence.
In conclusion, the found allocations using this hybridization
are quite promising, and this is shown in experimental section.
IV. S IMULATION AND R ESULT DISCUSSION
We evaluate the obtained results after simulating the proposed algorithms on some numerical data. We assume that
all tasks are known beforehand – however, algorithms can
also handle the case where tasks are progressively discovered
(dynamic).
A. Generation of simulation data
The numerical data used for our simulations are randomly
generated on a 2D grid of 100×100 cells. The number of used
resources is 10. The speed, energy level, and aging factor of
bidders are supposed to be constant for all.
These data have been divided into three datasets – i.e.
dataset 1, dataset 2, and dataset 3. The first dataset has from
10 to 50 bidders and 100 tasks – bidders are incremented
by 10. The second dataset has from 10 to 100 tasks and 10
bidders – tasks are incremented by 10. The third dataset has
from 10 to 100 tasks and 50 bidders – tasks are incremented
by 10. The purpose of dataset 1 is to observe the effect of the
number of bidders on allocation performance, relative to the
number of tasks. The purpose of datasets 2 and 3 is to observe
the effect of the number of tasks on allocation performance,
relative to the number of bidders. Finally, the data format used
for bidders and tasks is exemplified in Tables III and IV.
B. Results and analyzes
In order to show the effectiveness of our solution, we
compared its performance with the work presented in [11].
Both solutions were evaluated in terms of the allocation time
and the number of allocated tasks. The names “FA-QABCMRTA” and “FA-POWERSET-MRTA” are adopted to refer
our solution and the solution proposed in [11], respectively.
The “FA-POWERSET-MRTA” [11] solution also uses two
stages to address the MRTA problem. In the first stage, it
behaves exactly like our solution, i.e. bidders use the firefly
algorithm for tasks’ choice. In the second stage, it calculates
all subsets composed of all resources offered by bidders – for
the considered task, then it chooses the one representing the
optimal allocation. For the example depicted in Figure 2, the
solution proposed by “FA-POWERSET-MRTA” must consider
24+3+5+6 different subsets and choose the optimal allocation,
i.e. the subset optimizing the cost function taken into account.
Imagine its limit when the numbers of bidders and resources
are large.
Tables V and VI show a comparison of “FA-QABC-MRTA”
and “FA-POWERSET-MRTA” in terms of the allocation time
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and the utility values, respectively . We used the dataset 1 –
100 tasks and the number of bidders varies from 10 to 50.
First, we notice that increasing the number of bidders does
not greatly improve task allocation time for both solutions –
i.e. on average, we have 20.199 seconds for “FA-POWERSETMRTA” and 5.261 seconds for “FA-QABC-MRTA”, no matter
the number of bidders. So both solutions are able to allocate
a large number of tasks with few bidders. However, we
clearly see that “FA-QABC-MRTA” is significantly better than
“FA-POWERSET-MRTA” in terms of allocation time – i.e.
approximately 15 seconds of difference for each configuration.
On the other hand, we also compared the utility values of these
solutions. We notice that they are very close, that is to say,
qualities of our allocations are close to qualities of optimal
allocations.
Table V: Comparison of the “FA-QABC-MRTA” and “FAPOWERSET-MRTA” solutions for dataset 1 – allocation time
(seconds).
Number of robots
Robots = 10
Robots = 20
Robots = 30
Robots = 40
Robots = 50

FA–POWERSET–MRTA
20, 003
20, 019
20, 131
20, 372
20, 471

FA–QABC–MRTA
5,171
5, 234
5, 262
5, 298
5, 342

Table VI: Comparison of the “FA-QABC-MRTA” and “FAPOWERSET-MRTA” solutions for dataset 1 – utility values
(unit).
Number of robots
Robots = 10
Robots = 20
Robots = 30
Robots = 40
Robots = 50

FA–POWERSET–MRTA
703, 32
798, 79
778, 9
723, 08
890, 84

FA–QABC–MRTA
701, 2
795, 47
777, 16
720, 79
888, 55

Figures 4 and 5 also show a comparison of “FA-QABCMRTA” and “FA-POWERSET-MRTA” in terms of the allocation time. We used 10 bidders (dataset 2) and 50 bidders
(dataset 3), respectively. The number of tasks varies from 10
to 100 in both cases. Again, we notice that increasing the
number of bidders does not greatly improve the allocation
time, no matter the number of tasks – with 10 or 50 bidders, we
have approximately same times for both solutions. Naturally,
the allocation time should increase as the number of tasks
increases. However, we observe that its increase is almost
linear. So, the solutions are effective in terms of temporal
complexity. It should be noted that allocation time that is
shown in these figures encompass all actions required for
task allocation – i.e. communications between bidders and
auctioneer, global allocation, and local allocation.
We graphically show the impact of the number of used
bidders on the number of allocated tasks. Figure 6 shows
the number of allocated tasks per cycle, according to the
number of used bidders. We used 100 tasks and the number
of bidders varies from 10 to 50. We notice that all tasks are
allocated, no matter the used configuration. So, our solution

Table III: Example of bidders data
ID robot
r1
r2
r3
r4

Location
(1, 1)
(9, 1)
(9, 5)
(1, 5)

Resources
[1, 1, 1, 0]
[1, 1, 1, 1]
[0, 1, 1, 1]
[1, 1, 0, 1]

Costs
[8, 6, 7, 0]
[8, 8, 7, 5]
[0, 6, 7, 9]
[8, 7, 0, 4]

Velocity
10
10
10
10

Battery level
1
1
1
1

Aging factor
1
1
1
1

Table IV: Example of tasks data
ID task
t1
t2

Location
(3, 3)
(7, 3)

Resources
[1, 1, 1, 0]
[1, 1, 0, 1]

Duration
10
12

Figure 4: Comparison of the “FA-QABC-MRTA” and “FA-POWERSET-MRTA” solutions for dataset 2 – allocation time.
is efficient in terms of the number of allocated tasks. On the
other hand, we confirm that increasing the number of bidders
only increases the number of tasks allocated per iteration, but
does not minimize the allocation time.
V. C ONCLUSION AND P ERSPECTIVES
We proposed a solution to address the MRTA problem. The
solution uses the auctions with two robot types: auctioneer
(one instance) and bidders (several instances). In addition,
the solution implements two optimization types: global (performed by bidders) and local (performed by the auctioneer).
Our solution combined advantages of three well known heuristics. First, the firefly algorithm that distributes robots on tasks,
i.e. each bidder chooses the task that it wants to execute.
This step can be seen as a selection of tasks by bidders.
In general the algorithms available in the literature do not
frequently show this step, and usually perform it implicitly in
the allocation process. The selection minimizes the number of
bidders for each task, and it would minimize its allocation
time. Secondly, artificial bee colony and quantum genetic
algorithm are hybridized, due to their respective powers of
exploration and exploitation, in order to allocate tasks to
bidders. Simulation results showed that our proposed solution
outperforms the work in [11] in terms of allocation time.
Our solution solves the MRTA problem in a linear trend,
and is efficient in terms of the number of allocated tasks –

the rate of allocated tasks is 100%, no matter the adopted
configuration. Finally, our solution supports cases where all
tasks are known beforehand or discovered dynamically. As
perspectives, we plan to further improve our solution by using
energetic, temporal, and spatial constraints on tasks and robots.
Also, we aim to implement our solution in real life problems
(using real tasks and robots).
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Abstract— In this research paper, we aim to present a hybrid
algorithm in order to obtain a better solution to the single
machine total weighted tardiness scheduling problem (SMTWT).
Here, the proposed approach called guided genetic algorithm
(GGA) is the combination of the standard genetic algorithm
(GA), the Kangaroo technique (KA) and the weighted modified
due date (WMDD) dispatching rule. The main idea of this
hybridization is to take the advantages of the global search
process assured by GA and the potent of the local search gained
by KA during the evolution of the population initially improved
by WMDD rule. Experimental results using a set of benchmark
instances coming from OR-Library for different sizes showed its
effectiveness compared with the classical genetic algorithm.
Keywords- scheduling, SMTWT, genetic algorithm, kangaroo
algorithm, WMDD rul, OR-Library.

I.

INTRODUCTION

Research on scheduling problems with objectives related to
profitability measures is of great concern [1]. So that the
decision-making process to assign a collection of jobs for
performing on the existing machines with minimizing some
objective function, mean flow time, tardiness, and sum of
earliness and tardiness penalties. Among different types of
scheduling environments, a single machine total weighted
tardiness (SMTWT) problem is considered in this research
work [2]. We address the problem of scheduling schedules for
single scheduling problems where the goal is to reduce the total
weighted tardiness [1].
The single machine total weighted tardiness problem is
defined as follows. Consider n jobs to be processed without
interruption on a single machine that can handle only one job
in a specific time. Each job j, available for processing at zero
time, has a positive processing time pj, a positiveweight wj, and
a positive due date dj. For a given sequence of jobs, the
tardiness of job j is defined as Tj = max {0, Cj – dj}, where Cj is
the completion time of job j. The objective of the total
weighted tardiness problem is to find a processing order of all
the jobs; this order is a schedule that minimizes the sum of the
weighted tardiness (Fig. 1) of all jobs.

Thus, the problem is to schedule n jobs on a single machine
to minimize the sum of the weighted tardiness of all the jobs.
[3]
In order to find an approximate solution of this problem, we
propose a hybrid algorithm based on metaheuristics and
dispatching rules. The developed technique takes in account
the advantage of WMDD rule in the initialization step, the
global search done by GA and the local improvement assured
by KA algorithm.
The reminder of this paper is organized as follows: In
section II, some previous related works are presented. Section
III summarizes principal concepts of both GA and KA
algorithms and the WMDD rule. Section IV outlines our GGA
algorithm and its components for the SMTWT problem.
Experimental study is presented in section V. In section VI, we
address our conclusions and our future work.
II.

RELATED WORKS

The single machine total weighted tardiness problem has
been tackled by enumerative algorithms: branch and bound
algorithms[4] and dynamic programming algorithms [5] to
generate exact solutions that are guaranteed to be optimal, But
the branch and bound algorithms are limited by computational
times and the dynamic programming algorithms are limited by
computer storage requirements, especially when the number of
jobs is more than about 50 [6]. Alidaee and Ramakrishnan [7]
tested the COVERT-AU class of dispatching rules for
problems of up to 200 jobs. As a result of their study, dispatch
rules give a quick sequencing method, but have poor solution
quality. Also Crauwels et al. [8] compare the performance of a
number of local search heuristics that have the binary
representation, namely, descent methods, simulated annealing,
threshold accepting, tabu search, and GA, for total weighted
tardiness problems with 40, 50, and 100 jobs. In addition to
that, the problem has been extensively studied by heuristics,
but do not guarantee optimality. These heuristics include
heuristic dispatching rules [9] and local search heuristics. As
there is no single best dispatching rule for all problem
environments, in other words, dispatching rules do not
consistently provide good quality solutions, in recent years,
much attention has been devoted to local search heuristics [10].
These local search heuristics mainly include neighborhood
search methods, such as descent methods, simulated annealing,
threshold accepting, tabu search [9][11][12] and genetic
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algorithms (GA) [13]. Many authors have illustrated that
genetic algorithm (GA) performs well for solving the
scheduling problems [14][15] as well as for parallel machine
scheduling problems. On the other work, the authors in Ref.
[16] proposed a new dominance rules to produce a best
approximate solution for SMTWT problem. The developed
procedures provided a good result compared to some existing
dispatching rules.
III.

BASIC CONCEPTS

A. Genetic Algorithm (GA)
Genetic algorithm was originally proposed by John H.
Holland [17]. It is an iterative search technique inspired by
evolutionary biology to find exact or approximate solutions to
optimization and search problems. GA starts with a population
of candidates solutions called chromosomes and try to improve
them through a series of iterations, by using some genetic
operators, in order to reach the best solution for the given
problem.
B. Kangaroo Algorithm (KA)
Kangaroo algorithm (KA) is an optimization method
developed by Pollard [18]. KA is applied by an iterative
process which minimizes an objective function. At each
iteration, KA qpplies the descent method to the quality of the
initial solution u. If the best solution avaliable (u*) is found in
neigbour solutions, this solution set replaces by the u. If there is
no improvement in the value of objective function when the
reaching a certain number of iteration (A), the jump procedure
is performed in order to escape from the local optimum. The
process is iterated until a stopping criterion is meet.
C. The Weighted Modified Due Date (WMDD)
The WMDD is one of the recent effective dispatching rule
for SMTWT scheduling problem. This powerful rule was
developed by Kanet and Li [19], it outperforms some other
well-known rules such as EDD, WSPT and WCRR. The
framework of the WMDD rule is done in below.

1. Set time = 0, S = ø, J= {1, 2,3….n}.
2. Compute the value of for each job in J as follow :

max(P j , d j  time)

B. Population Initialization
In order to construct the initial population, we generate a set
of N feasible candidate solutions randomly, after that we apply
the weighted modified due date (WMDD) method on the first
individual of the population in order to increase the
convergence speed of the proposed method.
C. Selection Strategy
The parents are selected from the population for
combining in order to produce new childs. Here we choose to
apply the wheel roulette method to select parents according to
its efficacy.
D. Crossover Operator
The role of a crossover operator is to combine elements
from two selected parent chromosomes to generate two child
chromosomes. Here we use position-based crossover [3].

Fig. 2: Crossover operator example.

F. Replacement Step
In our GGA algorithm, the next generation is constructed
according to a replacement strategy which is consists of the
selection of the best chromosomes of the current population
and their offsprings [2].

Wj

3. Sort the value of  j in ascending order, and select job k
having the minimum value of  j .
4. Add job k in S, then remove it from J.
5. Update time = time + Pk.

G. Replacement Step
The process is repeated until a predefined number of
iterations is reached. The pseudo-code of our GGA can be
summarized as follows:

Terminate the procedure if J = ø ; otherwise, go to step 1.

IV.

A. Solution Representation
For the single machine total weighted tardiness problem,
the natural permutation representation of a solution is a
permutation of the integers 1…, n of n jobs [3].

E. Mutation Operator
Generally, this operator is used as a diversification
mechanism for all evolutionary algorithms. In this work, we
apply KA algorithm to perturb the current solution.

WMDD rule

j

global search. In this paper we propose to develop a hybrid
approach called GGA which takes the advantages of the
WMDD rule, genetic algorithm and the Kangaroo technique to
find a better solution for the SMTWT problem.

PROPOSED METHOD

GA is very powerful in the case of global search, but it
suffers from the local optimum problem. On the other hand,
KA performs excellently in local search while not so well in
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TALE 2. Comparative results.

GGA Algorithm
1. Initialize N, Crate,Mrate, Itmax
2. Generate N chromosomes randomly to construct Pinit
3. Apply WMDD rule to the first chromosome of Pinit

Standard GA

Proposed GGA

Problem

Best

GA

% Dev

GGA

% Dev

WT40-1

913

1570

71,96

956

4,71

4. Set i=0, Pbest =

WT40-2

1225

1778

45,14

1335

8,98

WT40-3

537

1255

133,71

573

6,70

5. Repeat

WT40-4

2094

2493

19,05

2094

0,00

WT40-5

990

1162

17,37

990

0,00

WT40-6

6955

8056

15,83

6955

0,00

WT40-7

6324

7750

22,55

6571

3,91

WT40-8

6865

8656

26,09

6865

0,00

WT40-9

16225

18525

14,18

16225

0,00

WT40-10

9737

11193

14,95

9741

0,04

WT50-1

2134

2656

24,46

2134

0,00

WT50-2

1996

2379

19,19

2008

0,60

WT50-3

2583

2641

2,25

2583

0,00

WT50-4

2691

4432

64,7

2691

0,00

WT50-5

1518

2740

80,5

1604

5,67

WT50-6

26276

30115

14,61

26541

1,01

WT50-7

11403

14081

23,49

11467

0,56

WT50-8

8499

10306

21,26

8668

1,99

WT50-9

9884

10299

4,2

10070

1,88

WT50-10

10655

12105

13,61

10669

0,13

WT100-1

5988

10249

71,16

6210

3,71

WT100-2

6170

12181

97,42

6308

2,24

WT100-3

4267

7578

77,6

4286

0,45

WT100-4

5011

11022

119,96

5216

4,09

WT100-5

5283

10592

100,49

5477

3,67

WT100-6

58258

83571

43,45

59038

1,34

WT100-7

50972

72605

42,44

51933

1,89

WT100-8

59434

84685

42,49

60166

1,23

WT100-9

40978

68942

68,24

41441

1,13

WT100-10

53208

68827

29,35

54629

2,67

MOY

13969,1

19481,47

1341,7

425444

58,59

5. 1 Apply wheel roulette method to select two parents
5.2 Apply crossover operator with Crate probability
5.3 Muted each child according to the Pmut probability
by using KA algorithm
5.4 Evaluate all chromosomes using the fitness function
5.5 Save the best N chromosomes in Pbest
5.6 Pinit  Pbest
5.7 i=i+1
6. Until i=Itmax
V. EXPERIMENTAL STUDY
The proposed hybrid algorithm (GGA) are coded in C++
on a personal computer with Quad-core Processor 1.4 GHz
and 4GB memory. with Visual Studio 2017 compiler.
In order to demonstrate the performance of our proposed
method, a set of experiments are made using a set of instances
problems coming from the OR-library. In addition, all key
parameter values of our developed approach re reported in
Tale 1.
TALE 1. Parameters Settings.

Parameter
N
Itmax
Crate
Mrate
A

Value
25
2000
0.7
0.2
20

All test results for both standart genetic algorithm and our
developed GGA are portrayed in Table 2. We can indicate
here, that for each algorithm the percentage deviation value
(%Dev) is calculated between the result given by GA or GGA
and the best known solution of the specified problem.
According to the results figured in Table 2 above, we can
see clearly that the GGA algorithm is able to give a very
promising results after a reasonable number of iterations. In
addition, the best solution is found by GGA algorithm for 7
test cases. GGA the
Compared with the results which are found by the classical
genetic algorithm, we can outline that the GGA outperforms
largely GA algorithm for all test cases. These remarks due to
the good choice of the population initialization manner and the
potent of both GA and KA to discover the search space.

VI.

CONCLUSION

In this research study, a novel hybrid approach is proposed
to solve SMTWT problem. The developed method combines
between advantages of GA algorithm, in particularly its
inexpensive computational time and those of KA as a local
improvement approach which helps to avoid the local optima
problem.
As a perspective of this work, the improvement of the
starting solution by another effective heuristic is desired. In
addition, we can integrate other mechanisms to neighborhood
generation step for KA to improve the solution quality. A
comparison of the proposed method with some other stat-ofthe-art techniques such as PSO, TS, ACO, BBO is possible to
verify its effectiveness.
REFERENCES
[1]

[2]

[3]

179

S.E. Jayanthi and S.Anusuya, ”Minimization of Total Weighted
Earliness and Tardiness using PSO for One Machine Scheduling,”
International Journal of Pure and Applied Mathematical Sciences, ISSN
0972-9828 Volume 10, Number 1 (2017), pp. 35-44.
Wanatchapong Kongkaew, “Solving The Single Machine Total
Weighted Tardiness Problem Using Bat-Inspired Algorithm,” 2015
IEEE IEEM .
Ning Liu, M. Abdelrahman and Srini Ramaswamy,“A Genetic
Algorithm for Single Machine Total Weighted Tardiness Scheduling
Problem,” International Journal of Intelligent Control and Systems 2005.

[4]

[5]

[6]

[7]

[8]

[9]

[10]
[11]

[12]

[13]

[14]
[15]

[16]
[17]

[18]
[19]

Jouglet, A., Baptiste, P., and Carlier, J., “Exact Procedure for Single
Machine Total Cost Scheduling,” IEEE International Conference on
Systems, Man and Cybernetics, Oct 6-9, 2002
Picard, J.C., and Queyranne, M., “The Time-Dependent Traveling
Salesman Problem and its Application to the Tardiness Problem in OneMachine Scheduling,” Operations Research, 26(1), pp. 86-110, 1978.
Potts, C.N., and Wassenhove, L.N.V, “A Branch and Bound Algorithm
for the Total Weighted Tardiness Problems,” Operations Research,
33(2), pp. 363-377, 1985
B. Alidaee and K. R. Ramakrishnan, “A computational experiment of
COVERT-AU class of rules for single machine tardiness scheduling
problem,” Computers and Industrial Engineering 30 (1996), pp. 201209.
Crauwels, H.A.J., Potts, C.N., and Wassenhove, L.N.V, “Local Search
Heuristics for the Single Machine Total Weighted Tardiness Scheduling
Problem,” INFORMS Journal on Computing, 10(3), pp, 341-350, 1998.
Huegler, P.A., and Vasko, F.J., “A Performance Comparison of
Heuristics for the Total Weighted Tardiness Problem,” Computers and
Industrial Engineering, 32(4), pp. 753-767, 1997.
Sule, D.R., “Heuristic Method for a Single Machine Scheduling
Problem,” Intl. Jour. of Industrial Engineering, 1(2), pp. 167-174, 1994
Grosso, A., Croce, F.D, and Tadei, A., “An Enhanced Dynasearch
Neighborhood for the Single Machine Total Weighted Tardiness
Scheduling Problem,” Operations Research Letters, 32(1), pp. 68-72,
2004.
Matsuo, H., Suh, C.J., and Sullivan, R.S., “A Controlled Search
Simulated Annealing Method for the Single Machine Weighted
Tardiness Problem,” Annals of Operations Research, 21, 85-108, 1989
Madureira, A., Ramos, C., and Silva, S.d.C., “A GA based Scheduling
System for Dynamic Single Machine Problem,” Proceedings of the 4
IEEE International Symposium on Assembly and Task Planning, Soft
Research Park, Fukuoka, Japan, pp. 262-267, 2001
Martino V. D., and Mililotti M., “Sub optimal scheduling in a grid using
genetic algorithms,” Parallel Computing 30, 553–565(2004).
Yalaoui, F., and Chu, C.” Parallel machine scheduling to minimize total
tardiness,” International Journal of Production Economics, 76(3), 265279, (2002).
Akturk, M.S., “A new dominance rule for the total weighted tardiness
problem,” Production Planning and Control, 10(2), pp. 138-149, 1999.
J. Holland, “Adaptation in Natural and Artificial Systems: An
Introductory Analysis with Applications to Biology, Control and
Artificial Intelligence,” The University of Michigan Press, 1975.
J.M. Pollard, ''Kangaroos, Monopoly and discrete logarithms'', Journal of
Cryptology, 2000, 13, 437–447.
J. J. Kanet and X. Li, “A Weighted Modified Due Date Rule for
Sequencing to Minimize Weighted Tardiness,” J. Sched., vol. 7, no. 4,
pp. 261–276, Jul. 2004.

180

International Conference on Artificial Intelligence and Information Technology , ICA2IT'19

Authentication Schemes in Internet of Things: A
review
Yasmine Labiod
Networks and System Laboratory
Computer Science Department Badji
Mokhtar-Annaba University
Annaba, Algeria
yasminelabiod769@gmail.com

Ammara Korba Abdelaziz
Networks and System Laboratory
Computer Science Department Badji
Mokhtar-Annaba University
Annaba, Algeria
AMARAKORBA.ABDELAZIZ@gmai
l.com

Nacira Ghoualmi
Networks and System Laboratory
Computer Science Department Badji
Mokhtar-Annaba University
Annaba, Algeria
ghoualmi@yahoo.fr

Mohamed Amine Ferrag
Networks and System Laboratory
Department of Computer Science,
Guelma University
Guelma, Algeria
ferrag.mouhamedamine@univguelma.dz
Abstract—The Internet of Things also well known as (IoT)
has become an important research topic because of its rapid
spread and wide deployment in different daily life aspects such
as smart home, smart e-health services delivery, smart grid,
vehicle connected, government control, etc. Nevertheless, the
IoT paradigm raises major security and privacy issues. To
secure the IoT devices, many research works have been
conducted to countermeasure those issues and discover a better
way to remove those risks, or at least reduce their effects on the
user’s privacy and security requirements. This paper is mainly
focusing on critical review of the recent authentication
techniques for IoT devices , first we present taxonomy of the
current Cryptography-based authentication schemes for IoT.
In addition, this is followed by a discussion of the limitations,
advantages, Objectives, Countermeasures, and attacks
supported of current Cryptography based authentication
schemes. Finally, we make in depth study on the most relevant
authentication schemes for IoT in the context of users, devices,
and architecture that are needed to secure IoT environment
and that are needed for improving the IoT security and to be
addressed in the future
Keywords— Security, Authentication, Internet of Things
(IoT), Cryptography.

1. INTRODUCTION
The internet of Things (IoT) was first invented by Kevin
Ashton in 1999. Internet of Things is an integration of
various objects with electronics, software, sensors, and
actuators that can communicate directly with one another
without human intervention via the Internet to collect and
exchange data with each other. The main objectives of the
IoT is to fulfill a task in various applications and to achieve a
network infrastructure with communication protocols that
able to exchange and use information and software to allow
the connection and integration of sensors, personal, smart
devices, and items, anytime and on any network [1].
Therefore, we can find many applications of IoT in almost all
fields. Internet of things is a smart network of different smart
objects which can be identified, positioned, tracked,
collected and managed remotely.
Security issues, such as authentication, privacy,
authorization, Integrity, confidentiality, Encryption, access

control, and system configuration are the main challenges in
any Internet of Things applications. IoT applications such as
Cloud computing, Sensor Nodes, Mobile devices, e-health
system can provide a smart environment for global
connectivity that facilitates life by being susceptible,
adaptive, and reacting to human requirement. However,
security is not guaranteed. The authentication is the main
regard issue concerning the development of an Internet of
Things application and one of the most important and critical
requirements for IoT. Traditionally, authentication
techniques rely on usernames and passwords, which can be
easily compromised and the information on users may be
leaked. The main objective of the authentication is to identify
users and devices in networks to restrict access to authorized
people and non-manipulated objects and to keep information
on users protected when user signal is interrupted or
intercepted. This issue should be addressed to eliminate the
risk, or at least minimize their effects on the user’s
confidence of personal data and security requirements.
Standardization organizations like IEEE and IETF are also
working towards making IoT more secure by designing
necessary communication technologies. These technologies
are important in order to provide mutual authentication
between the user and the server, reduce computation and
communication overhead in IoT systems, and to make IoT
more responsible and power efficient against any attackers.
There are many published surveys on IoT security issues
and challenges. Yang et al [2] analyzed existing
mechanisms and architectures for authentication, access
control, and across-layer techniques whenever applicable.
Alaba et al [3] presented a comparative study on IoT
security scenario and vulnerabilities. They classified
Current IoT security in the context of its application, users,
architecture, and communication. Therefore, this paper
provides an analysis of the different authentication schemes
proposed in the literature. Through an authentication
schemes classification, it compares and analyses the existing
authentication schemes in the contexts of users, architecture,
and devices, and showing their advantages and Limitations.
After the introduction, the rest of the paper is organized as
follows; section 2 provides the works that are related to
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cryptography-based authentication schemes for IoT. Section
3 provides a review of various authentication schemes in the
contexts of users. Section 4 provides discussions to the
authentication schemes in the contexts of smart devices.
Section 6 provides a review of new technologies-based
authentication for IoT. Finally, Section 5 concludes the
study.

Perera et al. [5] proposed a pervasive lightweight
verification mechanism (the PAuth) for wireless sensor
nodes (WSNs) in distributed IoT applications based on
DTLS scheme in order to conduct a security analysis on the
PAuth Key and measure the security performance of
WSNs. They implemented their scheme and demonstrated
its performance capacities on the high-resource-constrained
sensor nodes. However, many security attacks and issues,
such as authentication ,selfish attacks , and multicasting,
have been confronted by the distributed IoT due to network
heterogeneity, the huge number of resource constraints and
device mobility. Hence, an implicit certificate scheme for
authentication and large-scale multicasting must be
developed, and security protocols that can eliminate the
issues of attacks in distributed IoT network applications
must be implemented
Authors in [6], presented a two factor authentication
security scheme for IoT, by combined existing Internet
standards, specifically the Datagram Transport Layer
Security (DTLS) protocol and Public key cryptography
algorithm (RSA), which is based on the exponential
calculation in order to secure data transmission between
transport and application layer. This protocol provides
secure and efficient authentication for frequent message
transmissions in short session time based on the abovementioned contexts(user, devices, and architecture,) , in
addition, they presented the main strength and weakness of
this protocol.
2.2. Keyed hash functions based mutual authentication

Figure.1: Classification of cryptography-based
authentication schemes for IoT

2. Cryptography-Based Authentication
Schemes for IoT
2.1.
Datagram transport layer security (DTLS)
protocol based authentication
Kothmayr et al. [4] proposed the first fully implemented
two-way authentication scheme for the IoT system, based on
existing Internet standards, specifically the datagram
transport layer security (DTLS) protocol. The proposed
security scheme is executed over a fully authenticated DTLS
handshake and based on the most widely used public key
cryptography (RSA) and X.509 certificates. It can work
during standard communication stakes that offer UDP /IPv6
networking for 6LOWPANQ. The authors used a lowpower hardware platform suitable for the IoT to
implemented system architecture.
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Moniem et al. [7] introduced an anonymous mutual
authentication scheme between RFID server and tagged
items for healthcare systems based on keyed hash functions
and element extraction. This scheme guarantees the IoT
network security and reduces computation and
communication overhead in IoT systems. They used this
scheme because the RFID tags are constrained in nature, and
their computational capability is limited. Anonymity,
unlikability, and intractability are the main challenges
provided by this mechanism. The simulation analysis shows
that the authentication protocol is resistible against
anonymity, location privacy threats and tracking attacks
such as replay, relay, Dos, and backward security.
Morena et al [ 8] proposed and designed a two‐ factor
authentication protocol and session key establishment
scheme using smart-card for multi-server in distributed IoT
application, In order to achieve better smart‐ card storage
cost than others, it based on one‐ way hash function that is
SHA‐ 1 ,private key en/decryption technique that is, AES.
and element extraction. The extracted element is mutually
shared with the hash function to evade any jamming attacks.
The proposed protocol comprises six phases: initialization
phase , registration phase for obtaining cryptographic
credentials to the smart‐ card and end users, login and
verification phase, password change, identity change phase
and authentication phase for authentication and key
establishment in mutual communication. In order to access

many servers, a client (user) needs to register to each server
access , all the serve with different login credentials using a
single login credential to fulﬁll their daily needs. The
proposed protocol provides a better solution in terms of
computation cost , communication cost and it offers the
safety features such as session key, user anonymity, efficient
login, and strong security protection against all possible
attacks such as forgery, off‐ line password‐ guessing
attacks and Forge reply message attack through formal and
informal cryptanalysis.
Amin et al [9] proposed a session key agreement
scheme through remote mutual authentication protocol by
using mobile application software(MAS) over insecure
networks. The proposed protocol based on the noninvertible cryptographic one-way hash function, offered
many advantages such as establish a secure connection
feature such as mutual authentication, user anonymity,
known key secrecy and efficient password change operate,
confirm the legitimacy of a user before users can access the
resources or services provided by the server , achieve
lightweight computation in terms of cost and
communication , and avoid the drawbacks of extra cost for
maintaining the large number of smart cards and card
readers . Ami et al in this scheme proved that the
cryptographic one-way hash function is very easy to
implement than other cryptographic operations .They
cryptanalyzed their scheme in order to prove that is well
secured against relevant security active and passive attacks
including replay and man-in-the-middle attacks.
2.3.

Group-based lightweight authentication

Almulhim et al. [10] proposed a secure group-based
lightweight authentication scheme for IoT based E-health
applications. The proposed technique creates a session key
using on elliptic curve cryptography (ECC) principles. This
scheme authenticates IoT devices; builds secure channels
among the sensor nodes and the base station (BS),
guarantees energy efficient, and reduce the communication
cost and computation. The proposed security mechanism is
resistible against multiple attacks such as impersonation,
man-in-the-middle, and unknown key sharing. The main
contribution of [10] is to protect medical data transfer and to
exchange data confidentiality in e-health system
The proposed solution in [11] is based on a lightweight
key agreement protocol, the Identity Based Encryption
(IBE), and Pseudonym Based Encryption (PBE) to ensure
anonymity, data secrecy, and trust between IoT or WSN
nodes in the network. Their architecture consists of a Base
Station BS, a sink node SN, and a set of nodes N. the BS
contains the PKG server where the nodes’ IDs are stored.
Their solution requires architecture consists of a Base
Station BS, a sink node SN, and a set of nodes N. the BS
contains the PKG server where the nodes’ IDs are stored.
Their solution requires that all the messages to be
transmitted to the SN which then send them to their ﬁnal
destination, and each transmission is acknowledged by an
ACK message. The encrypted data will incur a Message

Authentication Code function before sending the message.
Also, in order to obscure a sent message with an ACK
message, the study proposed that both messages will have
the same length. Another requirement is that a shared
session key should be established between N node and SN,
and between SN and BS. Each node N should use a virtual
ID and apply PBC technique. Four phases need to be
followed to establish the proposed system model. The ﬁrst
step is the network setup, which is also divided in three
steps to setup the system’s security parameters. These steps
consists of conﬁguring the PKG in the BS node, and the SN
and N nodes parameters. The second phase highlights the
mechanisms that ensures both SN and N nodes are
legitimate devices in the network. The third and fourth
phase is the establishment of session keys between N node
and SN, and between SN and BS. The proposed solution
was shown to be resistant to most known attacks in the
WSN and IoT. The results also showed an improvement in
security and privacy preservative performance
2.4.

Session key-based authentication

As the Internet is an insecure channel, it is needed to protect
information of communicators. An authentication scheme
can fulﬁll the aforementioned requirements. Recently ,In
order to provide two type of authentication mainly: mutual
authentication and the session key, Chang et al. [12]
proposed an authentication scheme for the IoT. Based on
elliptic curve cryptography (ECC), the proposed scheme can
enhance the security, and provide a high computational and
storage abilities
Maitra et al. [13 ] proposed a two-factor password
authentication scheme based on the hardness assumption of
the one-way hash functions and elliptic curve discrete
logarithm problem for client-server-based IoT applications.
Additionally, by using the proposed scheme, users can
easily aware about their wrong inputs in login and password
update phases, respectively . This scheme maintains the
property of user anonymity as well as dynamic identity so
that any adversary will not able to trace a particular user
from the communication messages for different sessions
between the user and server. Furthermore, security analysis
claims that their scheme is free from all possible security
threats due to hardness of ECDLP and one-way hash
function. They proved that their work prevent all possible
attacks and provides the trade-off among storage cost,
computational cost, communication cost, and security
requirement. The main drawback in their scheme that is
based only on theory and no practical proof was presented to
support.
Ami et al [14] proposed a lightweight and anonymity
preserving three factor user authentication and key
agreement protocol for providing ﬁle secrecy of the USB
mass storage device using cryptographic one-way hash
function. Furthermore, They proved that their protocol
withstand relevant security aspects of the protocol including
user anonymity, user-server impersonation attack, session
key discloser attack and encrypted key discloser attack and
they provided the efficacy of their scheme into two
phases :login phase and user-friendly password change
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phase. After that they analyzed
the security of
authentication and key distribution protocols using BAN
logic, and conﬁrmed that the protocol is completely free
from security weaknesses and applicable for practical
implementation.
2.5.
Two lightweight cryptographic -based
authentication
Many devices use the RFID (Radio-Frequency
Identification) tags, in order to transfer data to other local or
remote devices at various geographical locations and to
achieve known security and functionality requirements. This
device is vulnerable to many issues as the heavy
computational burden and attacks such as replay, forgery,
cloning, and DoS. These characteristics pose problematic
issues in the application of cryptography protocols to
guarantee the IoT network security. For that reason Gope et
al. [15] proposed a privacy-preserving radio frequency
identification (RFID) authentication scheme for distributed
infrastructure with secure localization services for the smart
city environment, based on two lightweight cryptographic
tools: hash function and symmetric key encryption. This
lightweight authentication scheme provides a collaborative
security model to reduce the security issues across RFID
systems. Also, the main objectives of this scheme are
achieving mutual authentication between RFID-tag and
backend database server in a distributed IoT system,
forward security, achieving strong anonymity, intractability,
secure localization, availability, scalability and defeating
different attacks. Further, the authors evaluate their scheme
for the formal security verification using the AVISPA tool.
Two drawbacks in the proposed scheme, first the server can
be compromised easily in a DoS attack, which allows an
attacker to access and retrieve all available stored
information in the constrained medical domains scheme. In
addition, the proposed scheme is not securing against
physical and cloning attacks.
2.6.

Out-of-band authentication

Fu et al. [16] proposed an out-of-band authentication
scheme for resource-constrained IoT devices in the context
of distributed, cross-domain IoT systems to distinguish the
legitimate users from Adversaries. The proposed scheme
based on Location-aware approach, cryptographic
primitives, it uses the picture taken by the IoT device for
authentication by using an out-of-band channel. This
approach is usable when the information comes from the
unprotected domain to provide a better authentication. The
proposed scheme focused on authentication methods to
authenticate an unknown object such as Device
Compromising Detection methods. In addition, the authors
proved that their model is resistible to several attacks such
as message replay, deny of service, impersonation,
eavesdrop and man-in-the-middle attack.
2.7.

Key agreement-based authentication

Wang and Chan in [17] proposed a secure authentication
and key agreement scheme for IoT between the embedded
devices and the server on IoT network, based on public Key
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technique such as Elliptic Curve Cryptography (ECC),
secure hash algorithm (SHA) and feature extraction in order
to consume low computation and memory resources. The
technique of key agreement can be merged together with the
IoT applications in a variety of scenarios and it further
provides effective security. This mechanism makes to prove
that the security in Karla and Sood [18] scheme is
vulnerable to active attacks. In addition, it makes use of the
formal methods to secure communication against different
types of attacks.
2.8.

Hybrid mutual authentication

Wu et al. [19] proposed an authentication scheme for
wireless sensor networks with multi-gateway in IoT
environments. Sensor gateways deal with the wireless
network and collect information from several distributed
WSN nodes. The wireless communication channel implies
radio communication, transmitters, and receivers for the
data exchange between two or more devices. Therefore, the
proposed scheme provides an innovative security which is
secure against the simulated attacks and sensor capture
attacks. To simulate the security of the proposed scheme,
the authors used Proverif tool, as well as evaluating the
good performance of the scheme using NS-2 simulation
[20]. In addition, the channel is insecure against various
attacks.

Amin et al. [21] proposed an anonymous hybrid mutual
authentication and key agreement scheme based on
preloading of keys and physiological signal function, to
protect sensors node in wireless body area network from
many attacks such as hub node, impersonation and key
escrow attacks. This scheme comprises of four phases:
initialization, registration, authentication and key agreement,
and master key update. The main objectives of this scheme
are to enhance the security and to reduce communication
overhead and computational complexity. With BAN logic,
the authors illustrated that their scheme achieves security
goals and provides secure authentication and key agreement
between the sensor node and a hub node and they evaluated
that their scheme is safe using AVISPA tool.
2.9.

Lightweight authentication

Bose et al. [22] adapted a lightweight authentication
scheme for vehicle tracking application based on
constrained application protocol (CoAP), in order to secure
resource constrained sensor devices, reduce the number of
handshaking for reliability, and to secure channel
establishment between the sensor gateway and the back-end
server. The approach used in this scheme is designed the
secure mode of CoAP to be as light as possible, and this
method is payload embedded thus minimizing the the
handshaking overhead. It consists of four following phases
namely: secret distribution; session initiation; server
challenge; and sensor response. Two challenges must to be
considered in this scheme, the first one is to provide an endto-end (E2E) application adaptive and ameliorated security

with minimum resource consumption, and the second one is
to improve the relationship between the privacy and the
security of sensor datasets. The limitation of this scheme
that it can only consider a single security scenario
(authentication in the connected vehicle).
Al-turjman et al. [23] proposed a lightweight
authentication protocol to secure RFID tags. The physical
layer of the IoT involves objects, such as RFID and sensors.
These objects are restricted in class, and their mathematical
capability is limited. These techniques expose a problematic
issue to the application of any cryptography algorithms to
assure the IoT network. When the RFID is unsafe, a
malicious attacker can easily gain access to the network via
inspiration and reproducing the electronic product code tag
of the victim. The authentication protocol provides a hybrid
authentication between RFID readers and tagged items with
low computation overhead on the devices
2.10. One-time password-based authentication Baruah
et al. [24] proposed a two-factor authentication scheme
based on the one-time password (OTP) authentication
scheme and physical unclonable Function (PUF), to control,
collect information, customize smart home configurations,
and to provide enhanced privacy and security via IFTTT
recipes. The Internet services (IFTTT) recipes can be
changed after just two steps verification process, in the first
step, the user has to sign into the IFTTT account and for the
second step he has to provide a righteous approval for
manipulating the recipe. It further provides an effective
security against the FDM attack (Feature-Distributed
Malware), Replay, Impersonation, and Tracing attacks.
In addition, it stresses the uses for a few extra resources in
terms of storage, computation and communication.
2.11.

Lessons learned

The reviewed authentication techniques can be classified
according to the following authentication process in two
classes : protocol and approach or function, such as :
certificate based authentication (CBA), rivest–shamir–
adleman(RSA),
elliptic-curve
cryptography
(ECC),
datagram transport layer security (DTLS) protocol and
different functions/approaches such as one-time password or
pin (OTP), Identity Based Encryption (IBE), Distributed
Security Management (DSM), on Location-aware approach
(LAA) and physical unclonable function (PUF). Table 1
presents this classification. IoT authentication techniques
can also be evaluated the performance and demonstrate the
completeness of the proposed scheme based on the different
tools which is used for automated validation of Internet
security sensitive protocols and application The formal
security verification plays a critical role in authentication
processes. It confirms that the proposed protocols/schemes
are safe and secure. In the literature, different authentication
approaches used various types of simulator such as
AVISPA, NS-2, and Crypto++ benchmark. The majority of
the reviewed schemes use AVISPA tool, to demonstrate that
the proposed schemes can resist against different attacks.

Table1: Authentication Process Classification

In the IoT security domain, establishing an object identity is
critical to the privacy and security of the system users and
owners. Therefore, authentication is another important
security service in the IoT environment. The IoT device
credentials must be verified before it can access the PAN
resources, further integration of various objects and sensors
is vulnerable to anonymity and location privacy threats due
to the ID-query replies transmitted from those tags.
Authentication includes validation among routing peers of
connected IoT objects before exchanging the route
information and assure that the source of route information
is the connected peer objects, this authentication facilitates
enhance the primary element in IoT vision with is M2M
communication. There exist many survey articles published
[25] during recent years that deal with Internet of Things,
focusing on authentication scheme for IoT environments.
This work presents a classification of IoT authentication
scheme using multiple criteria, which were selected based
on the type that we will authenticate and the important
features of the existing authentication schemes

Table 1. Summary of different authentication schemes in
IoT applications

185

Scheme

Technologies

Objectives

Countermeasu
res

System model

Attacks supported

Limitations

Sharaf et al [34]

The
Authentication
of Devices

To
authenticate
the objects in
the IoT .

Secure Vaults
cryptography
Protocols

IoT
environment.

-Man-in-the middle attacks,
and object emulation attacks

Requires hardware
change

Barreto etal.
[35]

lightweight
authentication
and keying
mechanism

Secure links
for end-to-end
communicatio
n with a strong
pervasive
authentication
mechanism

implicit
certificate

IoT
applications,

Node compromising attacks,
masquerade attacks, and
impersonate attacks

Poor flexibility in
revoking
attribute(time stamp,
location identity, or
6LoWPAN
identity,)

Lesa et al. [39]

To secure
communicatio
n between
constrained-d
IoT

To provide the
feasibility,
performance,
and efficiency

certificates
with mutual
authentication

IoT SSP
Architecture

DoS attacks.

It can only consider
a single security
scenario

Ramão et al.
[42]

Service
Oriented
Architecture .

To introduce a
novel
middleware
architecture
in IoT
services

DTLS
protocol

IoT
middleware
system,

DoS attacks.

Minimum latency is
difficult to achieve.

Fan and Lin
[27]

Three-factor
authentication
scheme

To provide the
privacy of the
Biometric
data.

Asymmetric
and symmetric
cryptosystems

Mobile
devices

-Replay attacks
-Modification attacks

Some attacks are not
analyzed such as
insider attack

Yeh et al. [28]

Three-factor
scheme

To provide
mutual
authentication
between the
user and the
server.

Elliptic curve
cryptography
(ECC)

Mobile
devices

Insider attacks
impersonation attacks
de-synchronization attack

Location privacy is
not considered

Wu et al.
considered [29]

Tree-factor
remote
authentication
scheme

To provides
better security

Symmetric
algorithms

Mobile
devices

Man-in-the-middle attacks,
password guessing attacks,
stolen verifier attacks

Storage cost is not
considered and not
resistible against
smart card breach
attacks

Wang and
Wang [30]

Two-factor
scheme

To preserve
user
anonymity

Symmetric
algorithms

IoT
applications

Smart card breach attacks
and stolen verifier attacks

Online/offline
dictionary attacks

Zhang et al.
[32]

A dynamic
privacy
protection
mechanism

To protect the
user's massive
private data

hash functions
and bio-hash
functions

E-health care
systems

Sybil attacks

Interest privacy is
not

Ami et al [31]

Anonymity
preserving
remote patient
authentication
scheme

To preserve
user
anonymity

Hash function
(SHA-1
algorithm)

E-health care
systems

online/offline dictionary
attacks
and man-in-the-middle
attacks

Several common
attacks
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patient authentication scheme usable in E-health care
systems. Specifically, it makes use of smart card, biometric
and hash function (SHA-1 algorithm).

3. User authentication in IoT

In critical applications of IoT (e.g., healthcare and
surveillance) real-time data is more needed to gather
immediate and corrective actions [26]. Since the sensor
gateways deal with the wireless network and collective data
information from different WSN nodes, it may not always
be real-time. For this reason, we need to design user
authentication schemes in IoT in order to access the realtime data straight from the desired sensing nodes.
3.1 Factors-based user authentication in IoT

According to the number of factors considered in a user
authentication scheme, it is called a single-factor or a multifactor scheme. For example, if only the user password is
used, a user authentication scheme is called a single-factor
scheme. If a smart card (mobile device) and a user password
are used, it is called a two-factor scheme, and if the smart
card (mobile device), user password and biometrics are
used, it is called a three-factor scheme

In order to preserve the privacy of the biometric data of
every user, Fan and Lin [27] proposed a three-factor
authentication scheme with privacy protection on biometrics
using both asymmetric and symmetric cryptosystems, but
Yeh et al.[28] found some weaknesses in Fan et al scheme,
such as the insider attack and presented a new three-factor
scheme based on elliptic curve cryptography (ECC). The
main objectives of this scheme are providing privacy of
biometric data and achieve the proper mutual authentication
between the user and the server. Therefore, Wu et al. [29]
showed that Yeh et al 's proposed scheme could not resist
the impersonation attacks and the desynchronization attack.
Then, they proposed another new three-factor remote
authentication scheme. Whereas, this scheme has been
ameliorated progressively with efficiency and better
security. The cost is always staying not low enough for the
mobile devices and the smart chips, which are widely
deployed in IoT environments. To remove this problem,
many schemes used hash functions algorithm for biometric
information (the SHA-1 algorithm) and bio hash functions
to enhance the security in different fields such as in e-health
systems.
3.2

Anonymity preserving
authentication in IoT

remote

user

In 2014, Wang and Wang [30] pointed out that the twofactor schemes adopting symmetric algorithms failed to
preserve user anonymity. Also, they design a conclusion that
smart card breach attacks may break the entire system if the
verification value is stored in the smart card. They find as a
result that they have to use the biometric features to remedy
this problem. Therefore, ami et al. [31] showed that Wang
and Wang scheme cannot withstand several common
attacks, they proposed an anonymity preserving remote

Recently, zhang et al [32] proposed a dynamic privacy
protection mechanism for E-health Systems to protect the
user's privacy by means of dynamic authentication and
three-factor key agreement between the authorized user and
the server, which the approach is adding a step of matching
biometric features to the scheme. Their scheme is efficient
since only hash functions and bio-hash functions are
involved. The experimental evaluation shows that the
proposed scheme is resistible to several masquerade attacks
such as offline password guessing attacks with/without
smart cards, de-synchronization attacks and it achieves a
number of attractive security features especially privacy
protection as Known key security, Perfect forward secrecy,
Biometric protection, and User anonymity.

4. Authentication for smart IoT devices
One of the fundamental mechanisms to secure IoT is device
authentication. It is useful when two IoT sensing devices
need to authenticate each other for secure communications
between them. Device authentication provides intruder an
opportunity to manipulate the IoT system on a large scale.
Authentication and privacy are some of the major security
issues of IoT, and it remains a huge issue for IoT devices,
which introduces a whole new degree of online privacy
concerns for consumers.
4.1

Lightweight acoustic fingerprint-based
authentication in IoT

Chen et al [33] proposed a lightweight acoustic fingerprint
based on wireless device authentication protocol (named
S2M) to provide both low false negative rate and low false
positive rate in various scenarios in IoT applications under
different attacks.it makes use of the frequency response of a
speaker and a microphone from two wireless IoT devices.
Therefore, Sharaf et al [34] proposed a new approach for
authentication process using the device’s unique fingerprint
to compare between security attacks and normal change in
fingerprints and to control some characteristics of devices. It
adopted the Infinite Gaussian Mixture Model (IGMM), to
authenticate devices that have different characteristics
spaces offered an authentication mechanism for the IoT
environment wherein the devices apply the fingerprinting
methods along with the transfer learning. Their scheme is
resistible against man-in-the-middle attacks and emulation
attacks
4.2.

Implicit certificates-based authentication in

IoT
Barreto et al. [35] proposed a lightweight authentication and
keying protocol based on implicit certificates for Wireless
Sensor Networks (WSN) in IoT applications in order to
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authenticate the devices, to analyze and deliberate on the
security services that can be applied to the IoT devices and
to protect the communication between the channel
establishments.
Neisse et al. [36] proposed a security toolkit for integrating
a management protocol for the IoT devices. The security
provides a collection of meta-models and a foundation for
developing the IoT security engineering tools. The proposed
work aims to address the privacy, data authentication, trust
management, and access control requirements for the
constrained IoT resources. One drawback of this approach is
that the proposed work does not provide a conception
analysis on how to spread security and, data authentication
solutions for objects operating in a dynamic environment.

4.3.
IoT

key management scheme -based authentication in

Jang et al. [37] proposed an efficient mutual authentication
protocol and key management between all machines –type
communication devices based on hash-tree function. Their
scheme works without certification authority for the Internet
of Things to provide a secure communication and to reduce
Computation and complexity compared to the scheme of
authentication devices
Sciancalepore et al. [38] presented another device
authentication and key management scheme based on public
key authentication and Key agreement in IoT devices. Their
scheme applies the implicit certificates with public key –
based authentication the ECC primitives such as Elliptic
curve digital signature algorithm (ECDSA) and elliptic
curve deffie-Hellman algorithm (ECDH). It resist against
many attacks such replay, DOS, man in the middle attacks,
the main objective of this scheme is to provide data
authentication ,integrity and secure communication channel
environment for confidential data exchange.

5. New technologies-based authentication for
IoT

To address the limitations of existing connection-oriented
security architecture in terms of the scale and resulting
latency on small constrained IoT devices :
Lesa et al. [39] proposed architecture based on certificates
with mutual authentication for secure communication
between constrained IoT devices using datagram transport
layer security.
Moosavi et al. [40] proposed distributed smart e-health
gateway architecture to provide data authentication and
integrity for IoT-based health-care systems based on public
key-based authentication and ECC primitives.
Jebri et al. [41] proposed an architecture based on Identity
Based Encryption (IBE), a lightweight key agreement
protocol, and pseudonym based Encryption (PBE) to ensure
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anonymity, data secrecy, and trust between IoT or WSN
nodes in the network.
Ramão et al. [42] concentrated on defining a type of classic
security architecture for SOA-based IoT middleware
systems, which provide the confidentiality, integrity, and
protection of communication channels. Support for the
heterogeneity and interoperability of IoT devices,
information management, and security.
Vucinic et al. [43] proposed object-based security
architecture (OSCAR) that influences the security concepts
both from content-centric and traditional connectionoriented approaches. They used the secure channels
established by means of DTLS for key exchange, and
provided a mechanism to protect from replay attacks by
coupling with the constrained application protocol (CoAP).
Valdivieso et al.: [44] adopted the SDN architecture in
traditional networks, based on encryption methods to control
the network and eliminate the rigidity of the network. This
architecture makes the network utilization and operation
easy by lowering the total cost of organization networks and
providing programmable network services.
Gaur et al. [45]: proposed Smart City Architecture based on
authentication to facilitate the interaction of distant sensor
systems and information.
Vishvakarma et al.[46] :proposed a
Lightweight
authentication protocol based on key agreement for business
community for secure communication between constrained
IoT devices and to classify the IoT architectures
Chakrabarty et al. [47]: proposed Black SDN Architecture
based on ECC primitives, such as the Elliptic Curve Digital
Signature Algorithm (ECDSA) and the Elliptic Curve
Diffie–Hellman (ECDH), to eliminate the issues in
traditional IoT systems.

6. Conclusion
IoT Authentication is important to IoT devices, recent
attacks show that identification of IoT devices and the
authentication done between communicating ones is
critical.In this survey, we have presented the security based
authentication scheme in IoT applications and systems. We
presented the cryptography-based authentication schemes in
eight categories; we also studied existing classification of
authentication scheme for IoT and security mechanisms to
help researchers in comparing and classifying other
authentication scheme that, we reviewed the recently
proposed IoT user authentication schemes, devices
authentication schemes and architectures authentication
schemes. Overall, the security of commercial IoT devices
today depends on the domain of applications, protocols, and
security requirement implemented by each individual
manufacturer. Based on the particular phases, all IoT
devices could be susceptible to certain types of attacks. This
signalizes the urgent needs of developing general security
policy and standards for IoT devices and systems.

7. WHAT’S THE FUTURE
In the next three years, even newer security enhancements
may be accessible and the system will be up-to-date. The
code signing capability with higher encryption levels may
be a skip forward to comfy the devices. researchers since
this endpoint safety monitoring will see maximum
development in the next years. artificial intelligence ,data
analysis, machine learning and deep learning will perform
an important role in predicting attacks and unsure activity.
The contemporary movement towards a mutual IoT standard
will have an impact on future security features. The 5G
generation could be scalable and speedy enough to help IoT,
so that users can be able to obtain enter and to use their
home equipment from anywhere without delay.
Manufacturing
IoT
(MIoT)
requires
remarkably
confidential, reliable and fully secure connectivity. Experts
believe that 5G provides the perfect platform for IoT. [48]
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Abstract— This article presents an intelligent lighting system
that can autonomously control the lighting level of lamps by
using data of vehicles (bus, car, motorcycle and bicycle) and / or
pedestrian circulation in a specific area. The system is able to
adjust the lighting level as needed and reduce energy costs.
Therefore, it uses local controllers, distance detectors, and video
cameras and electronic devices can be added for video
processing. That way, the inputs from the sensors are processed
to reduce the lighting optimally.
We realized our system by an Arduino card containing the
intelligent lighting program developed in Arduino IDE
programming environment ensuring the acquisition of the light
intensity by the LDR sensor and the distance of the object by the
HC-SRO4 ultrasound sensor, the control of the intensity of the
LEDs
varied
according
to
the
needs.
Experimental results show that compared to a traditional
lighting system, the presented architecture allows energy savings
up to 50%. The results of the tests obtained are very satisfactory.
Keywords— intelligent lighting system; Arduino card ; LDR
sensor; HC-SRO4 ultrasound sensor.

I.

Introduction

The public lighting of cities and towns is one of the main
factors of the comfort and the security of the inhabitants, it
represents every year the major part of the energy
consumption. So for many years ,saving and controlling the
electrical energy consumption for streets lighting was one of
the major problems that disturbed and costed a huge losses for
many governments around the world.
One of the solutions proposed is the intelligent lighting
(automatic lighting ), it is a first step towards the modern city
or the connected city.
The European Commission's study has shown that increasing
energy consumption will mainly increase cities rather than
rural areas [1]. Intelligent lighting [2] is a multidisciplinary
field within the Smart City framework that allows the
integration of sensors [3], control technologies, in order to
make efficient management of street lights. Several works
have been presented in this field covering various aspects of
intelligent public lighting systems. Among them, in [4], the
benefits of using DC LED lamps are significant compared to
traditional AC streetlights; in fact, they are characterized by
longer life, lower maintenance costs, higher efficiency.
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The energy saving can be much higher if each lamp has an
integrated solar panel [5]. Further reduction in energy
consumption can be achieved if the intensity of the LED
lamps is controlled by an intelligent system capable of
calculating optimal lighting profiles on the basis of traffic and
time information.
This aspect has been widely discussed in [6], [7] where a
public lighting system based on a wireless data network has
been designed to control and monitor a system containing a
number of streetlights. The benefits of intelligent lighting
systems are multiple; the most important is to increase energy
savings. As a result, most work in this new field of study is
currently focused on extracting maximum energy savings in
conjunction with efficiently controlled LEDs [8, 9]. In fact,
systems with energy-saving integrated lighting control
typically offer 17-60% energy savings compared to traditional
lighting control based on occupant usage patterns [10].
In this manuscript, you will find a simple description that
gives a general ideas for the intelligent lighting systems, and
show how to design and realize it using an Arduino card,
ultrasonic sensors, LDR light sensor, LEDs and a mock-up to
do the experience, Without forgetting the Software part of our
project that it is the computer base of the intelligent lighting
system.

II.

Methodology

Before moving on to the design and implementation of a
project, we must always know the theoretical study in order to
have
good
results
in
the
practical
part.
In this part, we will present the block diagram and the
flowchart of our project for a better understanding of its
overall functioning. The operating principle of the project is
illustrated in Figure 1: first we must use electronic
components (HC-SR04 ultrasonic sensor, LDR light sensor,
LEDS, Arduino UNO microcontroller and queues) to build the
electronic circuit that achieves our goal (intelligent lighting).
- The block diagram corresponding to the overall operation
of the circuit is as follows:
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If the LDR output <Vref  (daytime)  lamp intensity = 0v
and if the LDR output> Vref (Darkness)  the intensity of
the LED lamp varies depending on the distance between the
HC-SR04 distance sensor and the object.
The following figure illustrates the flowchart of our project
that provides intelligent lighting.

Figure 01: Block diagram of global operation of the circuit
The generation and propagation of the ultrasonic waves are
entirely based on the speed of sound. The following four
points show how taking a measurement of the ultrasonic
sensor:
1. A HIGH pulse of 10μs is sent to the TRIGGER pin of the
sensor.
2. The sensor then sends a series of 8 ultrasonic pulses at
40KH
3. The ultrasound propagates through the air until it touches
an obstacle and returns in the other direction to the sensor.
4. The sensor detects the echo and closes the measurement.

Figure 03: The flowchart of the intelligent lighting system.

Figure 02: Illustration of the incoming / outgoing signal of
an HC-SR04 sensor
The signal on the ECHO pin of the sensor remains HIGH
during steps 3 and 4, which makes it possible to measure the
duration of the round trip of the ultrasound and thus to
determine the distance.
Each time the distance between the object and the sensor
decreased, the intensity of the LED will increase and vice
versa, We developed a formula that allowed us to define the
relationship between the object distance and the intensity
lighting :
Intensity = (K * 5) / D.
• K: is a lighting constant.
• D: measured distance.
Distance has a relationship with speed and time knowing that:
D = V * T.
• D = distance of object in cm
• V = the speed of the ultrasound waves in meter / sec
• T = the time in seconds.
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The flowchart consists of two main conditions:
-The first condition concerning the VLDR (the voltage
obtained by converting the quantity of the light received into
voltage): if this voltage is lower than V threshold = 4.5V, then
automatically there is no intelligent lighting because the light
of sun is sufficient (day), on the other hand if it is checked
(night), we pass to the second condition concerning the
distance:
- If the distance is greater than 110cm (our choice) then the
LEDs remain off (no intelligent lighting), otherwise (distance
less than 110cm): the LEDs will be illuminated according to
the distance between the sensor HC-SRO4 and the 'object.
In this project we have the possibility to control the LEDs in
parallel
or
in
an
individual
way.
After having theoretically studied the HC-RSO4 ultrasound
sensor, we are now interested in the LDR sensor circuit (which
converts a light signal into an electrical signal) in order to
better understand its operation and its light sensitivity, So we
used two montage to get the R_ldr. The diagrams are given
below:

Simulation:
The following figure shows the project simulation montage
under Proteus.

Figure 04: The voltage divider mounts
According to the law of voltage divider, we obtained these
relations:
The first montage:

=

.

=

.

Figure 06: Project simulation
The montage consists of three parts, the Arduino card with the
lamps, the LDR sensor circuit and the ultrasonic sensor circuit.

The second montage:

Figure 07: illustrates the display monitor of the simulation
distance.
III.

Results and discussion :

To do this task, We used the equipment we talked about
previously :an Arduino Uno board, an HC-SRO4 ultrasonic
sensor, queues, a test plate, LEDs, an LDR light sensor,
resistors and the software: Arduino 1.8.6 hourly build.

Figure 05: the variation of the measured voltage according
to the intensity of the light captured
We have noticed that
1-the values of Vmes are calculated before the 2 experiments,
by a simple test on the operation of the LDR sensor. The test
allows to display and know the voltage corresponding to each
quantity of light captured by this sensor.
2-the values of R_ldr in the 1st montage are increasing and
decreasing in the 2nd.
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From these three experiments, we note that the intensity of the
LEDs varies according to the car distance; so this part
validates the positive relationship between (led light, car
distance) and the good functioning of our intelligent lighting
system.

Figure 08: Software and hardware used
After the assembly and the wiring of the material in a model
(that was made of wood) and the launching of the program in
the Arduino card we obtained the following result:

Figure 11: Values measured by the HC-SRO4 sensor
From Figures 10 and 11, we can now calculate the tolerance
between the real values and the others measured by the HCSRO4 sensor:

the distance
Real values
Error [cm]
values
of distance
measured by
(cm)
the sensor (cm)
1st try
94.5
96
1.5
2nd try
53.5
54
0.5
3rd try
22.5
24
1.5
Table II.1: Tolerance between values measured by
HC SRO4 and actual values
Figure 09: Project realization
- In this part , we did 3 experiments: our first objective is
making sure that there is a Positive relationship between the
led light and distance ; the second objective is to know the
tolerance between the real distance and the other measured by
the sensor, with another way: to know the degree of precision
of the sensor HC-SRO4. The results obtained are shown in the
following images:

IV.

Conclusion

This work allowed us a good understanding of the intelligent
lighting system and the different physical mechanisms of the
ultrasonic waves.
We realized our system by an Arduino card containing the
intelligent lighting program developed in Arduino IDE
programming environment ensuring the acquisition of the light
intensity and the distance of the object, the control of the
intensity of the LEDs varied according to the object distance .
The results of the tests obtained are very satisfactory. This
work also allowed us to detail practical aspects of
communication between the Arduino UNO and its IDE via the
USB port for serial communication. So this work gives a
possible and very effective solution for optimal control of
public lighting that will allow us to minimize energy
consumption.
Our project gave us the opportunity to address fundamental
aspects of analog and digital applied electronics to smart
public lighting instrumentation.
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Abstract— Internet of Things (IoT) consists of devices, smart
objects, or people that are given a unique identifier connected to
the internet via wireless network. These devices are usually
limited in resources like battery powered, memory, and
processing capability etc. The migration of these objects to
internet makes them susceptible to various attacks related to
external or internal unauthorized devices which affect physical
links, radio hops, and routing discovery that give rise to
malfunction and resources exhausting. The security mechanisms
widely used on the Internet are too heavy to be integrated on
small constrained objects. We need secure protocols or add a
security feature to the existing ones with minimum overhead.
Routing also is one of the factors that may impact security. This
paper presents a state of the art of various protocols and
simulators used in IoT, with different attacks that may
compromise the security. Also, we present different solutions
existing in literature and our works that will be treated in the
future.
Keywords— Internet of Things, Security, Protocols, Simulators.

I.

Introduction

With the emergence of the Internet of Things (IoT) our
world has changed, and everything went very quickly. Many
objects, a coffee machine or running shoes have the ability to
connect to the internet, and communicate on the web. Since the
“Nabartaz” launched in 2005 is considered as the first
communicating object [1].
Cisco estimated that mostly 50 billion of devices will be
connected to the internet by 2020, creating $14.4 trillion of
value for companies and industries. Self control/autonomous
devices like smart homes, smart cities, smart transport, smart
healthcare, smart living, and so on constitute the smart
environment for major IoT [2]. Several security issues are
noticed with the rapid increase in IoT application use and
internet connection, IoT facing now all sorts of security threats
identified in traditional networks. However, existing solutions
in traditional network cannot be adopted directly by IoT due to
the constrained resources of these devices [3] [2].
It is important to realize that at any level, any security
weakness may affect directly the overall system security [2].
This paper is structured as follows: section II presents the most
important protocols for IoT and their security issues.
Categorizing them according to the layer they apply: link,
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network, or application. Section III highlights different
simulators and tools that are commonly used in IoT, section IV
describes the potential blockchain solution for IoT. Finaly, in
section V we conclude the paper.
II.

STATE OF THE ART

Studying the manner of enhancing the present approaches
of standardization in IoT, gives the research community
opportunities to have a better vision on how to contribute to
the IoT filed. The main objective of IETF (Internet
Engineering Task Force) was adapting the already existing
security protocols to the constrained world of the Internet of
Thing (IoT). The most important protocols for IoT, and their
security issues will be presented in bellow.
A. 6LoWPAN Security
6LowPAN IPv6 over Low Power Wireless Personal Area
Network is currently a key technology to support internet
communications in IoT that enables IPv6 end to end
connections between constrained IoT devices. In the OSI
abstraction model, 6LoWPAN is an adaptation layer located
between the network layer and the link layer (Fig. 1) [1].

Fig 1. 6LoWPAN Protocol Stack

Encapsulation and header compression techniques have been
applied in 6lowpan to IPv6, so data packets can be transmitted
and accepted over IEEE 802.15.4 networks [4]. A large
number of applications utilize 6LoWPAN for IP-based
communication through an upper layer protocol, such as the
RPL routing protocol. Fragmentation supports is provided by
6LoWPAN at adaptation layer. The 6LoWPAN protocol
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focuses on how to apply IPv6 to the MAC and PHY layers of
IEEE 802.15.4. The minimum value of maximum transmission
unit (MTU) definite by IPv6 is 1280 bytes (RFC 2460).
Whereas, the maximum frame size supported by IEEE
802.15.4 is only 127 bytes [2]. Malicious nodes which could
send fake fragments during fragmentation process 6LoWPAN
render buffering, forwarding, processing of fragmented packets
challenging on resources constrained devices. These malicious
nodes can block the processing of newly received fragmented
packets, by spuriously occupying buffer resources, recipients
are unable to distinguish the fake fragments from legitimate
ones for packet reassembly. Moreover, reassembling nodes
have to optimistically store fragments of a packet, and depend
on a timeout mechanism to discard incomplete packets.
However, may cause the constrained memory of a node to be
occupied with incomplete packets due to missing fragments.
Eight types of security have been defined for IEEE 802.15.4,
link layer security based on AES (Advanced Encryption
Standard) with the CCM* 1 (an extension of CCM “Counter
with CBC-MAC”) block cipher mode, given variable MIC
(Message Integrity Code) size. Bootstrapping phase and key
management are driven by high layer decisions [8].
Ensuring security of data exchanged via 6LoWPAN still an
issue. When IPsec (Internet Protocol Security) and TLS
(Transport Layer Security) become efficient in the internet
world, adapting them in 6LoWPAN world presents a challenge
due to their significant need of resources, and substantial
overheat that generate. Attempts to compress IPsec headers
only in transport mode is proposed in [13,14]. However, even
with compression this protocol still unsuitable for constrained
devices due to its overhead and heavy key establishment
process [15]. On the other hand, with the emergence of DTLS
(Datagram Transport Layer Security (DTLS) to secure the
applications, many questions have been raised relating to its
deployment in real world [1].
To overcome the vulnerabilities of the 6LoWPAN-based
systems, authors in [8] have proposed a new security protocol
named ”Combined 6LoWPSec” operating alternately at the
MAC and at the adaptation layers, offering both end-to-end
and hop-by-hop security features, and coping with attacks
mainly caused by IPv6 hosts, and also those specific to the
local network. They provide insight into the performance
behavior of their new security proposal through the Contiki
embedded OS.
B. RPL Security (Network Layer)
RPL (Routing Protocol for Low Power and Lossy
Networks) is the routing protocol for IoT and Wireless sensor
networks. RPL is a distance vector and a source routing
protocol that is intended to work on top of several link layer
mechanisms, including IEEE 802.15.4 PHY and MAC layers
[11]. RPL is lightweight protocol. It uses a topological concept
of Directed Acyclic Graph (DAG).
RPL topology is composed of one or more Destination
Oriented Directed Acyclic Graph (DODAG), each DODAG
1
CCM* is a CCM (Counter with CBC-MAC), which supports messages
that requires only encryption without authentication, not necessary like CCM
which combines encryption and authentication.
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consists of one node called root, which is normally a local
border router (LBR). The root acts as sink to collect data from
many sensor nodes. Multiple roots of different DODAG are
connected together and to the internet via a backbone link.
Other nodes in the DODAG act as hosts or intermediate
routers. Each DODAG is identified via configuration
parameters like RPL instance ID, DODAG ID, DOGAG
version number. The path to the root is selected based on link
and node cost, which can be calculated from information such
as battery energy, throughput, latency or reliability, workload
[5] [24].
For establishing and maintaining the network topology,
RPL introduces specific ICMPv6 (Internet Control Message
Protocol for IPv6) messages which are: DIO, DIS, DAO, and a
Trickle mechanism. The DODAG Information Object (DIO)
message contains the information that allows nodes to get
configuration parameters of the RPL instance. The DODAG
Information Solicitation (DIS) message is sent by a new node,
asking to join a DODAG, which allows nodes to request DIO
messages from their neighbors. The DODAG Destination
Advertisement Object (DAO) message is sent by a node that
joined the network recently to advertise its neighbors for
updating their routing tables. Thereby, maintaining downward
routes. At the building phase, the root initially starts
broadcasting DIO message to all its directed neighbors (Fig. 2).
The receiver of DIO message adds the sender to its parent list
and calculates its own rank value based on objective function
convoyed in DIO message. The rank value corresponds the
position of the node with respect to the root which increases
when the nodes moving away from the root, and decreases
when approaching to the root. Thereby, RPL is used to avoid
loops. The nodes then continue to broadcast their own DIO,
once nodes receive DIO message, they form a set of parent and
select a preferred parent, which becomes their next hop toward
the root, and repeat the same process until all participating
nodes have default route to the DODAG root [5] [22] [25].

Fig. 2. RPL Control Messages

RPL can suffer from several attacks; give rise to malfunction
and resources exhausting. A Sybil attack purpose is to create
dissociative disorder; malicious node forges multiple identities
on the same physical node. This attack can take under control a
large part of a network without need to deploy physical nodes.

As defined in [20], Sybil attack is an attack in which malicious
nodes (devices) illegitimately acquiring and switching multiple
identities. And they can be found in two forms, stolen and
fabricated identities. The identical behavior of Sybil identities
and legitimate nodes makes difficult to ensure that each
element is a distinct entity. Thus, it can perform malicious
activities such as rerouting, packet dropping and selective
forwarding. Thus, affects the overall performance of the
network such as energy, throughput, delay, etc. Sybil attack
surface includes VANET, distributed voting and storage
application in P2P (peer to peer) system, and routing through
Sybil nodes. In mobile ad hoc networks [23] due to broadcast
nature of radio, the same node can pretend to be multiple nodes
simultaneously by using many different addresses, while
transmitting. Douceur in [26] has shown that, in absence of
central authority (CA), a Sybil attack can severely compromise
the initial generation of identities. Thereby, disrupting the
chain of trust.
Intrusion Detection Systems (IDSs) is one of security
approaches used in order to counter attacks in the network, by
analyzing the activities in the network and attempt to detect
malicious ones. Generally, there are two types of IDS,
signature based and anomaly based. In signature based,
patterns are defined for each type of attacks in order to detect
malicious activities. IDS trigger an alarm if any malicious
behavior matches the pattern. This approach cannot detect new
attacks. Anomaly based IDS defines a baseline and detect
anomalies when there are deviations from the baseline. Then,
IDS trigger an alarm. This approach can detect new attacks
[24] [27]. Authors in [16] have proposed solutions for Sybil
attacks in social domain of IoT. Sybil attack on RPL is not
evaluated yet. The only work that we have found is the one
proposed in [22]. Authors have evaluated by simulation the
impact of Sybil mobile attack named SybM with respect to
control overhead, packet delivery, and energy consumption.
They have proposed a new IDS named T-IDS (Trust-based
IDS), which consider each node as a monitoring node that
cooperates with his peers to detect intrusions, and report them
to 6BR router. Despite, T-IDS seems to be resources costly.
Authors believe that the using of TPM (Trusted Platform
Module) reduces the cost of off-loading security computations
and data storage. Moreover, wormhole attack aims to disturb
the routing with the network by creating a false path. A
proposed solution is using the construction of markle tree
authentication to prevent RPL from this attack [17]. In black
hole attack, the attacker goal is to drop all data packets silently
instead of forwarding them. In this way all packets going
through that node are dropped. In [18] authors have used
ContikiRPL in Cooja simulator to evaluate black hole attack.
They presented three scenarios, in the presence and the absence
of attack. In the first scenario network topology have no attack
in it. For the second scenario, a selective forwarding attack
(which is special case of black hole attack) is used. In the third
scenario they have employed a pure black hole attack.
Modification are made in contiki OS for simulating malicious
activity. Such that, packets are completely dropped by
malicious node and it continues to take part in the route
formation by sending consistent DIO packets [17].

RPL security is a challenging topic as it leaves data
vulnerable to Attacks and threats. In [11], authors have
classified attacks and threats related to routing into three
categories: attacks on confidentiality, attacks on integrity, and
attacks on availability. They studied all possible attacks and
provided possible solutions to them. Some countermeasures to
popular attacks studied are VeRA, TRAIL, IDS based
solutions, Trust based solutions etc.
C. Work in Progress for RPL Security
As the RPL topology is not free from several attacks that
originated from internal nodes, an intruder can eavesdrop the
network traffic or exploit vulnerabilities. Then, gain access to
shared key or bypass the traditional encryption based security
protection [21].
Recent researches have been focused on security of RPL from
various attacks like black hole attack, wormhole attack,
version number attack etc. However, according to the best of
our knowledge, we can affirm that very few works have been
proposed to countermeasure Sybil attack targeting RPL
protocol. However, we can assert that Sybil attack is one of
the most serious threats against RPL. As we mentioned before,
in Sybil attack a node can illegitimately imitate multiple
identities, and to falsify the communication nodes topology
from P2MP (point to multipoint) to MP2P (multipoint to
point) [24]. Thus, it can break routing rules and cause huge
harm in the network. Usually, Sybil attack is not performed in
isolation, and is combined with other attacks to gain more
access or disrupt the network. For example, Sybil attack can
be combined with DIS. In DIS attack, the attacker aims to
generate more control overhead by broadcasting periodically
DIS messages to its neighbors with fake IP addresses, asking
for DIO messages in order to join the network. Thus, receiver
nodes have to reset DIO timer assuming something went
wrong with the topology, and results in energy exhausting. As
mentioned in [22], each attacker involves a set of its Sybil
nodes alternately and periodically, while moving and
broadcast DIS messages within the network using new IPv6
addresses corresponding to new Sybil identities. The number
of Sybil identities corresponds to the number of time the
attacker moves. Results the changing of neighborhood
connectivity, and consequently more DIO messages will be
exchanged to update the network topology, which leads to
exhaust the resources in the network.
To counter this attack, the attacker needs to ensure the
authenticity and liveness of the parties message exchange.
Sybil attack is not evaluated for RPL-based networks, which
needs further work [21].
In our future works, we will focus on analyzing and depth
study of Sybil attack which is first needs to be detected.
Second, propose a countermeasure to mitigate their impacts.
We are also planning to investigate the Sybil attack through
simulations on RPL tuning for VANETs (Vehicular Ad hoc
NETworking), in order to evaluate this attack under mobility
and reveal their impact to the RPL performance. Later, we can
use this knowledge to extend existing IDS solution in order to
monitor the network performance, and detect the attacks when
any anomaly occurs.
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D. COAP Security (Application Layer)
COAP (Constrained Application Protocol) is an application
layer protocol, and it was designed as an equivalent of HTTP
protocol, generic, and optimized for constrained systems. It
uses UDP for the communication between two end points.
COAP is integrated into the payload field of a UDP datagram.
It supports IPv6 at network layer, and uses the IEEE 802.15.4
communication protocol both at link and physical layers. Like
HTTP protocol, COAP is based on client-server model and
asynchronous messages are managed via UDP datagram [1].
The message format of COAP starts with a fixed-size 4 bytes
header which contains version field (2 bits), message type (T)
field (2 bits), Token Length (TKL) field (4 bits), code field (8
bits), and message ID (16 bits). The header followed by Token
which can have variable length value, followed by options
field, then payload field which is optional. The payload has a
prefix of one-byte payload marker.
The message format of COAP protocol is shown in Fig. 3

TABLE I. IOT PROTOCOLS SECURITY ISSUES AND PROPOSALS

Fig. 3. Message format of COAP protocol

COAP can be used over DTLS (Datagram Transport Layer
Security) based on the “COAP” URI command. It can identify
the resources and their location: coap://Host:Port/Path/
?Query. To secure UDP datagrams with DTLS, we can use
‘’COAPS’’ URI commands. In this case, resources available
are not shared with “COAP,” even if their resource identifier
indicates the same Host Port [1]. To secure the
communications using COAP protocol, CoRE WG have
proposed the integration of IPSec or DTLS. Authors in [33]
have analyzed the implementation of DTLS and IPSec within
COAP protocol based on the X.805 security standard. To test
the security vulnerabilities of systems, They have confirmed
that DTLS and IPSec are not the most optimized solution to
secure COAP. Authors, in [34] have examined the issues of
application of DTLS directly to IoT. They have proposed a
solution by separating the DLTS protocol into two phases,
handshake and encryption, and they have presented two
scenarios based on properties of COAP enabled sensors. They
have argued that their approach improve the performance of
IoT device and network by using delegation at DTLS
handshake phase.
Table I summarizes the principal works examined in this
paper, with the layer they belong, attacks studied by each
work, and supported functionalities.
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III.

SIMULATORS AND TOOLS

In this section, we present the majority of available
simulators. In [7], authors have presented more than 30 WSN
simulators that can be used as a part of IoT research, but
security features is not supported in most network simulators.
For example, we can mention Cooja , OMNeT++, and NS-3.
A. Cooja Simulator
Cooja is an integrated simulator available in contiki
operating system. Contiki is an open source OS for IoT. It was
written in C programming language that making it flexible to
introduce new characteristics and to extend security features
[8]. Cooja is used essentially to program IoT sensors. In the
WSN (Wireless Sensor Network) research community, cooja is
mostly used with more than hundred publications available on
IEEE Xplorer monitoring this simulator in their title.
Theoretically, simulated WSN in cooja have access to the
majority of standards and protocols implemented by contiki,
and the researchers have the ability to reproduce realistic
scenarios [6]. Talking about security, LLSEC is designed for
contiki-cooja simulator at IEEE 802.15.4 layer security for
constrained devices operating system. ContikiSec is a link
layer security supports three security modes: confidentialityonly (ContikiSec-Enc), authentication only (ContikiSec-Auth),

and both authentication encryption (ContikiSec-AE). By
introducing security feature, Contiki-COOJA proves its
efficiency, and becomes the best development environment for
new security protocols regarding to its portability and
modularity [8].
B. OMNeT++ Simulator
OMNET++ is a simulation framework widely used in WSN
research. This framework is extensible and can be used to
integrate external elements. For example, OMNET++ has been
leveraged to create a specialized vehicular network simulator,
called Veins used for evaluating the smart transportation
scenarios. However, for IoT-specific radio models and
application layer protocols, OMNET++ presents insufficiency
to support them, so the incorporation of these missing elements
remains a manual process [6]. For security, authors in [12]
have proposed a new security module for OMNET++ that
implements the IEEE 802.15.4 security suite developed using
C++ language. According to them, it can simulate all devices
and sensors that implement the IEEE 802.15.4 standard, and
was evaluated in presence of various hop-by-hop attacks.
C. NS3 Simulator
The NS-3 simulator is the successor of NS-2 powerful for
simulating discrete events. NS-3 targets to construct an open
environment for modern network research. It supports both IP
and non IP networks. Realistic simulations of WSNs can be
created using NS-3 for replicating perceptual layer of IoT. It
has native support for 6LoWPAN over 802.15.4. NS-3
contains many libraries which support various functions. C++
and Python programming languages can be used to complete
the programs [6,19].
D. BlinkToSCop Framework
BlinkToScop is a framework constitutes of three
lightweight versions libraries DTLS, COAP, and 6LoWPAN
protocols integrated over TinyOS. It was written using NesC,
an extension to the C programming language. Essentially,
created for the TinyOS embedded operating system adapted
for constrained devices. BlinkToScop was proposed to ensure
end-to-end security for IoT operating across CoAP application
layer. BlinkToSCoap uses the interconnection of different
elements of TinyOs to ensure the transmission of encrypted
CoAP messages over 6LoWPAN networks which employ
lightweight versions of Datagram Transport Layer Security
DTLS [8][10].
IV. POTENIAL BLOCKCHAIN SOLUTIONS FOR IOT SECURITY
In this section, we will discuss the main characteristic of
blockchain based security solutions, and present some works
that have tried to adapt blockchain solution in IoT.
IoT routing protocols such as RPL and 6LoWPAN are not
secure by design. These protocols should be wrapped inside
other security protocols such as IPSec, but such protocols are
often greedy in terms of computation and memory
requirements. Also, the centralized key management and
distribution using the popular PKI is a complicated process
with a centralized management. On other side, in blockchain,
key management and distribution are totally eliminated [28].

Fig. 4. Basic Blockchain Structure

Blockchain is a decentralized technology introduced by
Satoshi Nakamato in 2008 adopted as an emerging peer-topeer (P2P) technology, and relatively unexplored area in the
IoT security space.
A blockchain is a chain of blocks that store transactions. A
transaction creates a record according to type of the data
stored: bitcoin, physical property, or other assets from one
node to another node of the same blockchain. Each block in
the chain has a link to the hash of previous block as shown in
Fig. 4 [29].
The node that initiates the transaction signs the record, and
sends it to all other nodes in the blockchain. Then, each node
attempts to validate the received record using the public key of
the initiator. After that, the validated transaction records are
collected by special nodes called mining nodes. These nodes
perform a distributed computational process called mining on
the candidate block before being added to the chain [29].
By the means of cryptography mechanism used in blockchain,
and in absence of a centralized control, the blockchain can
avoid attacks that want to take control over the system. Many
researches are focusing on adapting the blockchain solution
for IoT security issues.
Authors In [30] have proposed a blockchain as a solution for
IoT security in which trust is established through the
immutable and decentralized nature of blockchain. To enhance
the security of the system, they have proposed a mechanism in
order to establish continuous security by evaluating legitimate
users in valid IoT-Zone where each user interaction in IoT
environment is stored as a transaction in the blockchain. They
have used a unique digital crypto-token to ensure the
legitimacy of the user interaction which is an access control
aiming to prevent any unauthorized access to the system.
In [31] the authors have proposed an approach for adapting
blockchain solution in a smart home which consists of three
main tiers: cloud storage, overlay, and smart home, where
each smart home has a high resource device called miner, used
for handling all communication whether internal or external to
the home, and it preserves a private and secure blockchain to
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control and audit communications. They have showed that the
proposed approach is secure with the respect of the main
security services such as confidentiality, integrity, and
availability. Finally, they have presented some simulation
results to reveal that the overheads posed by their approach in
term of time processing, energy consumption, and traffic are
insignificant regarding to its security gain.
In [32] the authors have studied the applicability of blockchain
solution in order to ensure the security of data movement in
IoT network. They have proposed two models, the first one
called Blockchain consensus model which is suitable for
resource constrained devices. The second
model was
proposed for implementing IoT security on the top of the
blockchain model. They have realized simulations using
OMNET++ to evaluate the feasibility and performance of
their proposed model.
V.

CONCLUSION AND FUTURE DIRECTIONS

In this paper, we have presented a brief overview of IoT
protocols and simulators. We have discussed the current IOT
security issues. Current IoT routing protocols are still need to
be improved. These protocols still face the obstacle that
devices share some common features such as low energy,
limited memory, and small computational capabilities. A lot of
attacks has not evaluated for RPL protocol, which means
research needs to counter these attacks. Moreover, attacks like
wormhole, black hole, and sybile attack need a detection and
prevention, so our future works will be focused on depth study
of Sybil attack, and find a way to adapt blockchain solution in
order to mitigate this attack and reveal its impact to the RPL
performance.
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Abstract—A k-equitable coloring of a graph G is a proper
coloring of G with k colors such that the sizes of any two different
classes of colors differ by at most one. The minimum integer k
such that G admits a k-equitable coloring is called the equitable
chromatic number of G and is denoted by χ= (G). In this paper,
we determine the equitable chromatic numbers of the generalized
Petersen graphs defined by Watkins and some corona graphs.
Index Terms—Proper coloring, Equitable coloring, Generalized
Petersen graphs
Fig. 1.

I. I NTRODUCTION
The notion of equitable coloring appeared in October
1973 thanks to Meyer [7] who was motivated by an article
of Tucker [8]. Tucker presented in his article a coloring
problem of a graph, where the vertices represent the garbage
collection routes, with two vertices (routes) are adjacent if
and only if these two routes cannot be run on the same day.
This transport problem consists in finding a partition of the
routes so that they are visited all in 6 days. Meyer thought it
would be more interesting if the number of routes run each
day were approximately the same along the week (so finding
an equitable 6-coloring).
A proper coloring of the vertices of a graph G is equitable
if, for any two different classes of colors, the difference
between the sizes of these classes is at most one. A kequitable coloring of the vertices G is an equitable coloring
of the vertices of G with k colors. The problem of the
minimum equitable coloring (ECP) is to find the minimum
integer k such that the vertices G admits a k-equitable
coloring. This number is called the equitable chromatic
number denoted by χ= (G). The equitable edge chromatic
0
number has similarly been defined and is denoted by (χ= (G)).
In figure 1, the first coloring is not equitable however the
second one is equitable.
The problem of Scheduling unit-length jobs with
incompatibility graphs on identical uniform machines
with a minimum possible length is a problem of equitable
coloring.

In [3], Furmanczyk mentioned an application of equitable
coloring, which consists in assigning courses to time slots
so that no incompatible pair of courses are programmed at
the same time, and due to load balancing considerations, the
distribution of courses between the slots available need to be
uniform.
In fact, Hajnal-Szemerdi [6] proved in 1970, that the
following conjecture proposed by Erdos is true for all graphs”
Every graph with n vertices and maximum vertex degree
∆(G) ≤ k admits a (k + 1)-equitable coloring”. In particular,
we have χ= (G) ≤ ∆(G) + 1.
In [7] Meyer formulated the following conjecture (ECC)
which was inspired by Brooks’ theorem of the proper coloring
of a graph with ∆(G) + 1 colors:
Conjecture 1: [7] Let G be a connected graph. If
G is neither a complete graph nor an odd cycle, then
χ= (G) ≤ ∆(G).
A graph may have an equitable k-coloring but not a
(k + 1)-equitable coloring. Chen, Lih and Wu [1] proposed a
conjecture (E∆CC) that implies the ECC and states that if G
is a connected graph with n vertices, other than Kn , C2n+1
and K2n+1,2n+1 , then χ= (G) ≤ ∆(G).
The ECP is NP-hard [5], however, checking if χ= (G) ≤ 2
can be done in polynomial time [5].
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In Watkins’ [9] notation, a Generalized Petersen
graph GP (n, k) is a graph with a vertex set
{u0 , u1 , ..., un−1 , v0 , v1 , ..., vn−1 } and an edge set
{ui ui+1 , ui vi , vi vi+k : i = 0, ..., n − 1} , where subscripts are
to be read modulo n with 1 ≤ k < n/2. They are a family of
cubic graphs formed by connecting the vertices of a regular
polygon to the corresponding vertices of a star polygon.

Fig. 2. GP(3,1)

and

GP(5,1)

The corona of two graphs G1 and G2 is the graph
G = G1 o G2 composed of one copy of G1 and |V (G1 )|
copies of G2 , where the ith vertex of G1 is adjacent to every
vertex in the ith copy of G2 . Such graphs were introduced by
Frucht and Harrary [2].
II. T HE EQUITABLE COLORING OF GP (n, k)
In 1994 Chen and al [1] proved that the (E∆CC) is true
for all graphs with maximum degree ∆ 6 3. We deduce that:
for any connected 3-regular graph G with G 6= C2n+1 ,
G 6= Kn and G 6= K2n+1,2n+1 admit an equitable 3-coloring.
Theorem 1: Let GP (n, k) be a generalized petersen graph,
then :

2 if n is even and k is odd.
χ= (GP (n, k)) =
3
otherwise.
A. Equitable coloring of GP (2n, 2k + 1)
This algorithm gives an optimal equitable coloring of the
vertices of GP (2n, 2k + 1) with 2 colors.
Algorithm 1 Optimal equitable coloring of vertices of
GP (2n, 2k + 1)
Begin
- Assign color 1 to the vertices v2i and u2i+1 .
- Assign color 2 to the vertices v2i+1 and u2i .
End;
This coloring is equitable as long as the cardinality of each
color class is 2n.
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GP (2n, 2k + 1) is a cubic graph then the minimum number
of colors for an equitable coloring of its edges is greater or
equal to 3.
Algorithm 2 Optimal equitable coloring of edges of
GP (2n, 2k + 1) with 3 colors
Begin
- Color properly the edges of the outer cycle (formed by
vertices ui and edges (ui , ui+1 )) with colors 2 and 3.
- Assign the color 1 to the edges (ui , vi ).
- Color properly the edges of each cycle of the GP (n, k)
star regular polygon with colors 2 and 3.
End;
This algorithm gives an optimal coloring of the edges of
the following graphs:
n
• GP (2n, 2k) with
even such that p = P GCD(n, k).
p
2n + 1
• GP (2n + 1, 2k + 1) with
even such that p =
p
P GCD(2n + 1, 2k + 1).
2n + 1
• GP (2n + 1, 2k) with
even such that p =
p
P GCD(2n + 1, 2k).
B. Equitable coloring of the vertices of GP (n, k) with 3
colors
Polynomial algorithms have been proposed to solve this
problem in the following cases:
•

•

•

•

k
k
k
k

6≡ 0[3]
6≡ 0[3]
≡ 3[6]
≡ 3[6]

and
and
and
and

n 6≡ 1[3].
n ≡ 1[3].
n 6≡ 1[3].
n ≡ 1[3].

III. E QUITABLE COLORING OF CORONA GRAPHS
The generalized petersen graph GP (n, k) is a connected
cubic graph, consisting of an internal regular star polygon and
an external regular polygon, whose corresponding vertices
in the inner and outer polygons joined by edges. In this
section we start with a theorem giving the equitable chromatic
number of the Corona graph Km ◦ G with G any graph. Then
we focus on the determination of the equitable chromatic
number of the graph Corona of graphs GP (n, k) and Km .
Theorem 2: Let G be a finite, simple and undirected graph,
and Km be a complete graph with m > χ= (G) + 1 then
χ= (Km ◦ G) = m.
That gives:
Corollary 1: G = Km ◦ GP (n, k) with n > 3 then
χ= (G) = m, if:

(n is even and k is odd) and m > 3.
or

(n is odd or k is even) and m > 4.

In the case of m = 1 we have the following result:
Theorem 3: If G = K1 ◦ GP (n, k) with n > 3, then
χ= (G) = n + 1.
In what follows, we consider the case m = 2 with n even
and k odd:
Theorem 4: If G = K2 ◦ GP (2n, 2k + 1) with n > 3 then
χ= (G) = 4.
Theorem 5: If G = Km ◦ GP (n, k) with n > 3, then G
admit an m + 2n and an

2m − equitable coloring if n is even and k is odd.
3m − equitable coloring
otherwise.
In the last result, we give the equitable chromatic number
of the graph GP (n, k) ◦ Km . In [4], the authors have
shown that if G is a finite and simple graph admitting a
(m + 1)-proper coloring then χ= (G ◦ Km ) = m + 1. This
allows us to deduce that:

m + 1 if (n is even and k is odd) and m > 1.
χ= (G) =
m+1
if (n is odd or k is even) and m > 2.
Note that the case of m = 1 with n odd or k even has not
been studied in the literature. The purpose of the following
theorem is to study the equitable chromatic number in this
case.
Theorem 6: If G = GP (n, k) ◦ K1 with n > 3, (odd n or
even k) then: χ= (G) = 3.
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Abstract—We present an efficient solution to the N-Queens
puzzle using the heuristic algorithm proposed in the paper. The
N-Queens problem become intractable for large values of N and
this placed in NP (No deterministic Polynomial) class problem
because of their high complexity (eg: O(N!) , O(2N )) they cannot
solved in a realistic time frame using deterministic technique,
very efficient AI (Artificial Intelligence) search algorithm solving
strategies, even classic Local Search algorithm developed so far
cannot find a solution for large size N-Queens problem in a
reasonable time, in this paper we present a new optimization
that combine the Local Search algorithm and our proposed
heuristic algorithm which is based on a specific generated NQueens Starting states. This efficient optimization is capable of
finding a solution for extremely large size Queens number in
O(N), we give the execution statistics for this hybrid algorithm
with number of Queens up to 19,000,000 in less than one second.
Index Terms—Artificial Intelligence(AI), Hybrid Search,
Heuristic Algorithm, The N Queens problem

I. I NTRODUCTION
The classical N-Queens Problem, first proposed by German
chess enthusiast Max Bezzel in 1848 for the standard 8 × 8
board, and both solved and generalized to larger boards by
Franz Nauck in 1850 [1]. The problem is to place n queens
on an N × N chessboard, so that no two queens can capture
each other. That is, no two queens are in the same row,
column, or diagonal [2]. Note that the problem is solvable
in constant time since there is a solution for all n > 3 [4].
A simple solution to the N-queens problem, with the use of a
sequential search algorithm, consists in Generate all possible
placement combinations of queens on the board and choosing
a configuration that satisfies the given constraints.
In this paper we give a new probabilistic optimization to
the classic local Search algorithm, that based on specific NQueens starting states generated by the proposed heuristic
algorithm. This optimization is capable of providing a solution
for extremely large size of number Queens, by using a heuristic
algorithm with a time complexity of O(N). Our results show
that the program find solution in O(N) with a reasonable iteration number, using a control parameter P which is a positive
random integer (P∈ [1..N ]), these parameter are determined
by statistical tests (See T ableI, II). In our proposed approach,
instead of giving random starting states as initial solution for
the Local Search algorithm we propose a specific configuration
of the initial N-Queens starting states. We will confirm in the
experimental section that this combination provides excellent
performance.

II. R ELATED WORK
In recent years, the heuristic search algorithms have received considerable research attention in the AI field. The N
Queens problem have been implemented by many researchers.
However, they found that the N Queen problem can be
successfully solved using heuristic algorithm and the quality of
the solutions generated depend on the quality of the heuristic
algorithm [5], [6].
Several authors have proposed the use of different search
strategy techniques to solve the n-queen problem. These
methods include Tabu search algorithm and genetic algorithm
[9], Global Parallel Genetic Algorithm (GPGA) [10]. GPGA
requires the master process which distributes tasks among the
slaves to be executed in parallel. This algorithm based on three
basic biological principles: selection, crossover, and mutation.
Also, reference [11] presents a probabilistic algorithm; a
gradient-based heuristic is successfully applied to the n-queens
problem for large values of n. The main idea is to Generate a
random permutation of queens and swapping a pair of queens
to minimize the number of collisions. In [3]. introduced a
distributed solution for n-queens problem using dP systems,
where the components are P systems with active membranes.
Another study [7] [8] that aims at solving the N Queen
problem, and variations of it, using atoms with cavity-mediated
long-range interactions.
Recently, this problem has been solved with N up to about
26 in which has 2.23 x 1016 solutions, in 271 days [12]. In this
paper we show how a new heuristic algorithm can be used to
solve the N Queen problem, and has an optimal running time
complexity.
III. S OLVING THE N-Q UEENS PROBLEM
A. Method
let
1) N is the number of Queens.
2) queens[1..N ] its N Queens Array, the structure we use
to represent the chess board.
3) columni −→ queens[i].
4) rowi −→ i.
5) All solutions to the N-Queens problem has exactly one
Queen in each row. As a result, we can represent our
solution using an Array queens[1..N ], where queens[]
array indicate if column j in row i contain a queen or
not, queens[i] = j means queen at i-th row is placed at
j-th column. Let’s have an example (See F ig. 1).
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Algorithm 1: Generat-Init-nQueens
Input: P its random Integer ∈ [1..N ] used to generate
N-Queens starting states.
Output: queens[0..N − 1] is the initial starting states
with the minimum number of conflicts.
1 column ← P;
2 row ← 0;
3 save ← column+1;
4 if Mod(column, 2) = 0 then
5
while row < N do
6
if column + 2 < N then
7
queens[row] = column + 2;
column = column + 2;
8
else
9
if save = 2 then
10
column = save; save = save + 1;

Fig. 1: Solution of the N-Queens problem with N = 4.
B. The global algorithm

12

else
column = 1; save = 2;

The global algorithm consists of two parts:
1) Generate the initial N-Queens starting states: The first
part is our heuristic algorithm proposed to solve the N-Queens
problem. For 8-Queens problem, there are 4, 426, 165, 368
possible arrangements of queens on board out of which
only 92 are correct solutions [13]. The aim is to minimize the number of attacked queens in the initial NQueens starting states. The proposed Heuristic algorithm
Generat-Init-nQueens()1 (See Algorithm: 1), generate the initial N-Queens starting states with improved parameter P. The
running time of our heuristic algorithm is O(N), that places
all N Queens in order, from the upper row to the lower row
on an N × N chess board simulated in Array queens[1..N ].
Our optimization consists in building a starting states in
such a way that may solve or reduce the number of collisions
among the queens in polynomial time. The main idea behind
this optimization is to put queens on the board row by row
using the P value to locate the j-th column of the first row,
starting at the top (See Algorithm: 1):
• The first queen can be placed in queens[i] = 1 knowing
that i =P and i <=N.
• The second queen will be placed in queens[i’] = 2
knowing that i’=i+2 and i’<=N.
• The last queen configuration is queens[i”] =N knowing
that i”=i’+2 and i”<=N.
• If i >N than i get a new value depend on P as shown
in Algorithm: 1.
If no collisions among Queens in the generated N-Queens
starting states, no action is taken, that is, a solution is found
in polynomial time; otherwise, selecting the N-Queens starting
states that generated by heuristic algorithm as initial solution
for local search algorithm to find a solution, in practice, the
running time is approximately O(N). However, if the heuristic
algorithm does not find a solution its guarantee that the
generated N-Queens starting states has a reduced number of

13

queens[row] = column;

11

1 The

Generat-Init-nQueens() algorithm proposed by H.Djamel.
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14
15
16
17
18
19
20
21
22
23

row ← row + 1;

if queens[0] = queens[N − 1] then
queens[N − 1] = 0;
else
while row < N do
if column + 2 < N then
queens[row] = column + 2; column =
column + 2;
else
if save = 1 then
column = save; save = save + 1;

25

else
column = 0; save = 1;

26

queens[row] = column;

24

27
28

row ← row + 1;;
return queens;

collisions. Finally, if the local search algorithm get stuck in a
local minimum [14] with the given N-Queens starting states, a
new value of P is generated and the heuristic algorithm starts
a new search.
Example 3.1: For the standard 8X8 board, if the input
parameter P equal 2 than the initial starting states will be
configured in board as shown in F ig. 2.
2) Local Search solving strategy: In the second part, we
choose to use the local search procedure [15]. The N-Queens
problem is easy for local search because solutions are densely
distributed. The local search algorithm based on replaces the
current solution by a neighboring solution of better quality.
The local search algorithm is used as an alternative solution
to solve any collisions among queens in the initial N-Queens

TABLE I: The estimated time(second) required to solve the N-queens problem with N up to 500, 000.
Number of Queens N
Time of the 1st run
Time of the 2nd run
Time of the 3rd run
Time of the 4th run
Time of the 5th run
Time of the 6th run
Time of the 7th run
Time of the 8th run
Time of the 9th run
Time of the 10th run
Ave Time to Find Solution

100
<0,001
<0,001
<0,001
<0,001
<0,001
<0,001
<0,001
<0,001
<0,001
<0,001
<0,001

1000
<0,001
0,01
<0,001
<0,001
<0,001
<0,001
<0,001
<0,001
<0,001
<0,001
<0,001

2000
0,02
0,02
0,01
0,02
0,02
0,01
0,02
0,02
0,02
0,02
0,02

10000
0,01
<0,001
<0,001
0,01
<0,001
<0,001
<0,001
<0,001
0,01
<0,001
<0,001

100000
0,01
0,02
0,01
0,01
0,01
0,01
0,02
0,01
0,01
0,01
0,01

500000
1,62
2,28
5,25
1,8
3,52
3,74
1,83
1,72
2,08
1,72
2,56

TABLE II: The estimated time(second) required to solve the N-queens problem with N up to 19, 000, 000.
Number of Queens N
Time of the 1st run
Time of the 2nd run
Time of the 3rd run
Time of the 4th run
Time of the 5th run
Time of the 6th run
Time of the 7th run
Time of the 8th run
Time of the 9th run
Time of the 10th run
Ave Time to Find Solution

7000000
0,41
0,4
0,41
0,39
0,39
0,41
0,41
0,41
0,4
0,43
0,41

10000000
0,35
0,37
0,37
0,38
0,34
0,39
0,36
0,38
0,36
0,35
0,37

Fig. 2: The initial N-Queens starting states with collisions for
the standard 8X8 board and P equal 2.
starting states that may occur generally on the diagonals.
IV. R ESULTS
As illustrated in F ig. 2, the number of collisions for the
8X8 board with P equal 2 is 6, so the number of collisions
which must be resolved in the second part equal 6.
Among the algorithm features we have studied, we observed
a large Number of NXN board generated in The proposed
heuristic algorithm (See Algorithm: 1) have initial collisions
equal 0. In other words, the heuristic algorithm success in
finding a valid solution without calling Local search algorithm.
Table I and Table II were obtained from 10 sample algorithm
runs. In the tables below, the computational complexity is
measured by using execution time. For probabilistic reasons,

12000000
0,4
0,4
0,42
0,41
0,43
0,4
0,4
0,4
0,41
0,39
0,41

15000000
0,57
0,49
0,5
0,49
0,51
0,5
0,49
0,55
0,53
0,49
0,51

17000000
0,82
0,75
0,79
0,84
0,78
0,76
0,82
0,81
0,8
0,79
0,80

19000000
0,94
1,12
0,99
0,93
0,94
0,99
0,96
0,99
1
0,93
0,98

execution time stabilizes independent of the increase in problem complexity.
This statistic highly depend on the parameter P which
initialed P = 1 for all tests.
From the tables, one can infer that the execution time
strongly depend on the parameter P . The algorithm is probabilistic. That is, if the algorithm could not find a solution
with the given value of P , a new value is generated and
the algorithm starts a new search. In addition, to confirm
that combining the Local Search algorithm with our proposed
heuristic algorithm produces a significant improvement, we
execute the local search algorithm starting from an initial
random population. The algorithm can find a solution for N
up to 500 in a reasonable time (7min). When N is too high the
local search algorithm becomes inefficient to find a solution
to the N-Queens problem in reasonable time.
V. C ONCLUSION
The proposed heuristic algorithm can solve the N-Queens
problem in a fraction of second with the appropriate value
of P . Also, for different values of N and specific value of
parameter P , those NXN boards can be successfully resolved
using our heuristic algorithm only, in O(N). As a part of future
work will make a Combinations of our heuristic algorithm and
others search algorithm solving strategies and will include
the proposed heuristic algorithm for solving the N-Queens
problem which systematically generates all possible solutions
for extremely large size N-Queens problems.
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Abstract—The K-way vertex cut problem consists in, given
a graph G, finding a subset of vertices of a given size, whose
removal partitions G into the maximum number of connected
components. This problem has many applications in several
areas. It has been proven to be NP-complete on general graphs,
as well as on split and planar graphs. In this paper, we enrich
its complexity study with two new results. First, we prove that
it remains NP-complete even when restricted on the class of
bipartite graphs. This is unlike what it is expected, given that the
K-way vertex cut problem is a generalization of the Maximum
Independent set problem which is polynomially solvable on
bipartite graphs. We also provide its equivalence to the wellknown problem, namely the Critical Node Problem (CNP), On
split graphs. Therefore, any solving algorithm for the CNP on
split graphs is a solving algorithm for the K-way vertex cut
problem and vice versa.
Index Terms—Vertex separator, critical nodes, graph connectivity, bipartite graphs, split graphs, NP-completeness.

I. I NTRODUCTION
Given an undirected graph G = (V, E), where V is the set
of vertices and E the set of edges, and an integer k, we ask
for a subset S ⊆ V of k vertices whose deletion maximizes
the number of connected components in the induced subgraph
G[V \ S]. Note that G[V \ S] denotes the subgraph induced by
V \S. This problem is known as the K-way vertex cut problem
[7], [16]. Its recognition version can be stated as follows. Let
c(G) denotes the number of connected components in G.
K-way Vertex Cut Problem (KVCP)
Instance: A graph G = (V, E), and an integer k.
Question: Is there a subset of vertices S ⊆ V , where |S| ≤ k,
the deletion of which satisfies c(G, [V \ S]) ≥ K? where K
is an integer.
The objective is to find a subset S ⊆ V of at most k vertices,
the deletion of which partitions the graph into at least K
connected components. This problem is the vertex-version of
the well-known Minimum k-cut problem [1]–[5], where we ask
for deleting a set of edges instead of vertices, with the purpose

of maximizing the number of connected components in the
induced graph. Note that the number of connected components
in a graph can be computed in linear time using either breadthfirst search or depth-first search algorithm [6].
The K-way vertex cut problem has been proven to be NPcomplete on general graphs [7] through a reduction from the
Maximum Independent Set problem (MIS). Indeed, we can
easily see that any subset of vertices whose deletion separates
the graph into at least K components identifies an independent
set of size at least K. Accordingly, the K-way vertex cut
problem on G is a natural generalization of the MIS on G.
Conversely, the MIS is the particular case of the K-way vertex
cut problem where the connected component size has to be
equal to one. The two problems are equivalent if k ≥ |V \ I|
where I is the maximum independent set of G.
One can hope that the K-way vertex cut problem becomes
polynomial on classes of graphs for which MIS is polynomially
solvable. However, this is not the case for the class of bipartite
graphs. In this paper, we prove that the K-way vertex cut
problem remains NP-complete even on this class of graphs.
While for the class of split graphs, we provide an equivalence
between the KVCP and CNP. This allows the KVCP to be
solved using any algorithms for solving the CNP.
Figure 1 reviews the KVCP complexity on different classes
of graphs considered in the literature and highlights the
contributions of this paper.
The rest of the paper is organized as follows. We complete this section by a state-of-the-art of the K-way vertex
cut problem, where we review different works handled this
problem in the literature. Also, we give some definitions we
need in the rest of the paper. In section II, we provide the
NP-completeness proof of the problem on bipartite graphs. In
section III, we deduce its equivalence to the CNP, while in
section IV we deduce its resolvability in polynomial time on
weighted graphs of bounded treewidth. We close up the paper
by some future works in section V.
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General graphs

NP-complete
Split graphs

Planar graphs

Graphs of bounded treewidth

Bipartite graphs

K-hole graphs

Polynomial
Series-parallel graphs

Trees

Fig. 1. The complexity of the K-way vertex cut problem on different classes
of graphs. Contributions of this paper concern the colored classes.

A. Related works
The K-way vertex cut problem can be considered as a
parametrized version of the graph separation problem [8],
where we ask for the vertex-separator set that partitions the
graph into the maximum number of connected components.
As well, it can be considered as a variant of the Critical
Nodes Detection Problem (CNDP) [9]. This problem (CNDP)
consists in finding the subset of vertices whose removal
significantly degrades the graph connectivity according to
some predefined connectivity metrics, such as: minimizing the
pairwise connectivity in the network [10]–[13], minimizing
(or limiting to a given bound) the largest component size [7],
[14], [15], etc. In the case of the K-way vertex cut problem
the metric considered is maximizing the number of connected
components.
Although its importance, the K-way vertex cut problem has
received a little attention, in the literature, as expected for
such an important problem. On general graphs, the problem
has been shown to be NP-complete [7], [16], and NP-hard
to be approximated within a factor of n(1−) , for any  > 0
[16]. Also, it is W[1]-hard, i.e. not fixed-parameter tractable,
with respect to the two parameters, namely the number of
deleted vertices k, and the number of connected component
in the induced graph K [8]. We recall that when we deal with
parametrized problems, the input instance has an additional
part called parameters. The complexity of the problem is
then measured as a function of those parameters, and the
problem is said to be fixed-parameter tractable if it can be
solved using algorithms that are exponential only in the size of
these parameters, while polynomial in the size of the problem
instance.
For solving the K-way vertex cut problem on general graphs,
a Mixed-Integer Program formulation has been presented in
[7], where bounds and validated inequalities for the proposed
formulation have been studied. As well, an evolutionary
framework, that uses two greedy methods embedded within
two main genetic operators, has been presented in [17]. The
two operators, namely reproduction and mutation, are used to
repair the obtained solutions, while the greedy methods are
used to guide the search in the feasible solution space.
Considering the K-way vertex cut problem on particular
classes of graphs, it has been proved to be NP-complete
on split and planar graphs [16]. Also it has been shown,
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by the same authors, that the problem is NP-hard to be
approximated on split graphs [16], while on planar graphs it
can be approximated using a polynomial-time approximation
scheme (PTAS) of complexity O(nk 2 f ()), where  > 0 and
f is a function only depending on  [16]. We note that a
PTAS outputs an approximate solution of value at least (1−)
times the optimum, and the running time is polynomial in the
size of the problem. Considering the parametrized complexity
on these two classes of graphs, the problem remains W[1]hard with respect to parameter k (the number of vertices to
be deleted) on split graphs [16], however on planar graphs, a
fixed-parameter tractable algorithm of complexity O(nk O(k) ),
with respect to k, has been proposed [16].
On trees, k-hole and series-parallel graphs, polynomial dynamic programming algorithms have been developed for solving the problem with complexity O(n3 ), O(n3+k ) and O(n3 ),
respectively [14]. Also on graphs of bounded treewidth, the
problem can be solved in polynomial-time using a dynamic
programming algorithm with complexity O(nk 2 ww ), where
w − 1 is the treewidth [16].
Table I summarizes the different results arisen from
studying the K-way vertex cut problem on different classes of
graphs.
B. Definitions and notations
Let G = (V, E) be an undirected graph, where V is the set
of vertices and E ⊆ V × V is the set of edges. Two distinct
vertices u and v are adjacent (or neighbour) if there exists an
edge uv ∈ E connecting them. u and v are called the endpoints
of the edge uv. The neighbourhood set of a vertex v ∈ V is
defined as N (v) = {u ∈ V |{u, v} ∈ E}. Let degG (v) denote
the degree of the vertex v, we have degG (v) = |N (v)|.
A chain in G is a sequence of distinct vertices
{v1 , v2 , . . . , vk } such that vi vi+1 is an edge for each 0 <
i < k − 1.
Given a subset of vertices S ⊆ V , S is called an independent
set if there are no edges between any pair of vertices in S. We
use G[S] to denote the subgraph of G induced by S, and hence
G[V \ S] denotes the subgraph induced by V \ S. Also, we
use c(G, S) to denote the number of connected components in
G[V \ S] obtained by removing S from G. As well, c(G, A)
denotes the number of connected components obtained by
deleting a set of edges A ∈ E.
A graph G = (V, E) is a bipartite graph if the vertex set
V can be divided into two disjoint subsets V1 and V2 , such
that every edge e ∈ E has one endpoint in V1 and the other
endpoint in V2 . Each subset, V1 or V2 , forms an independent
set of G. G is then denoted G = (V1 , V2 , E), where n1 = |V1 |,
n2 = |V2 | and n1 +n2 = n. G is said to be a complete bipartite
graph, denoted Kn1 ,n2 , if each vertex in V1 is adjacent to all
vertices in V2 . If one of the independent set, V1 or V2 , is a
clique G is called a split graph.
II. B IPARTITE GRAPHS
In this section, we consider the K-way vertex cut problem
on bipartite graphs. This case is relevant when the network

TABLE I
T HE DIFFERENT RESULTS OBTAINED FROM STUDYING THE K-way vertex cut problem ON DIFFERENT CLASSES OF GRAPHS .
Graph class
General graphs

Complexity

Planar graphs

NP-complete [7], [16]

Split graphs
Trees
k-hole graphs
Series-parallel graphs
Graphs with bounded Tw

Solving approach
Genetic algorithm [17]
PTAS [16]
FPT [16]
\
Dynamic programming [14]

Polynomial [14]

to be decomposed on connected groups or communities has a
bipartite structure, which is the case, for example, of users vs
files in a P2P system, traders vs stocks in a financial trading
system, conferences vs authors in a scientific publication
networks and so on.
In the following, we show that the K-way vertex cut problem
remains NP-complete even on this class of graphs. In order
to establish the complexity proof we have first to introduce
the following transformation of the k-cut problem on general
graphs [18] to the K-way vertex cut problem on bipartite
graphs.
The K-cut problem. Given a graph G = (V, E) and an integer
K, find a minimal subset of edges A ⊆ E, whose removal
partitions the graph into at least K connected components,
i.e. such that c(G, A) ≥ K. This problem is NP-complete on
general graphs [18], and its recognition version asks whether
there exists a cut-edges set A where |A| ≤ B, for a given
bound B.
We give a polynomial-time reduction from the k-cut problem
to the K-way vertex cut problem. Given an instance of the k-cut
problem on a general graph G(V, E), we define an instance
of the K-way vertex cut problem on a bipartite graph G0 =
(V 0 , E 0 ) as follows:
1) G0 contains all vertices and all edges of G, i.e. V ⊆ V 0
and E ⊆ E 0 .
2) For each vertex v ∈ V , if degG (v) ≥ 2, we add to G0
a chain pv = {v1 , . . . , vk } of k vertices, such that v1
coincides with v (see Figure 2).
3) For each edge uv ∈ E 0 , we add a vertex x ∈ V 0 such
as we replace uv with two new edges ux, xv ∈ E 0 , i.e.
we replace each edge uv by a chain {u, x, v} such that
x is an added vertex. We denote U the set of all added
vertices x for which ux, xv ∈ E 0 and u, v ∈ V .
4) For each chain pv = {v1 , x1 , v2 , x2 , . . . , vk } we add two
edges xx1 , x0 x1 ∈ E 0 where x1 ∈ Pv and xv, vx0 are
two edges sharing the vertex v ∈ V (see Figure 2). Also
we add edges vvi where 2 ≤ i ≤ k, and vi xi+1 , xi vi+1
where 1 ≤ i ≤ k for each chain pv .
Note that removing vertices of V from G0 does not disconnect the graph G0 , and G0 becomes disconnected only
by removing vertices of U . Also, it is obvious that the
transformation can be done in polynomial time, and the graph
G0 is bipartite. Now, we prove the following theorem.

Dynamic programming [16]
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Fig. 2. The reduction k-cut problem ∝ K-way vertex cut problem on bipartite
graphs. The added vertices are those with circles, and we have U = {x, x0 }.

Theorem 2.1: The K-way vertex cut problem is NP-complete
on bipartite graphs.
Proof. The K-way vertex cut problem is in NP since given
a graph, we can compute in polynomial time the number of
connected components in the induced graph after deleting k
vertices. Now we prove that the K-cut problem on general
graphs ≤p K-way vertex cut problem on bipartite graphs.
Given an instance I of the K-cut problem on a general graph
G = (V, E), we construct an instance I 0 of the K-way vertex
cut problem on a bipartite graph G0 (V 0 , E 0 ) as described in
(1)-(4). We show that G has a cut-edge set A ∈ E of k edges
such that c(G, A) ≥ K if and only if G0 has a cut-vertex set
S ∈ V 0 of k vertices such that c(G0 , V 0 \ S) ≥ K.
First, let A ⊆ E be a solution of I, so A contains no more
than k edges whose deletion disconnects G into at least K
components. In I 0 , we select the k vertices of S as follows:
for each edge uv ∈ A, we select from G0 the corresponding
vertex x ∈ U such that ux, xv ∈ E 0 .
By deleting the vertices in S from G0 , no more than
k vertices are deleted |S| ≤ k and at least K connected
components are generated c(G0 , V 0 \ S) ≥ K. Hence, S is
a solution of the K-way vertex cut problem on G0 .
Conversely, we prove that if there is a cut-vertex set S of
size k for G0 , then we have a cut-edge set of size k for G.
Let S be a solution of I 0 , so S contains a set of k vertices
whose deletion disconnects G0 into at least K components.
We can easily observe that G0 becomes disconnected only
by removing vertices of U . Thus, the solution satisfies the
condition that only vertices from U are deleted. Indeed, if the
condition is not satisfied, then S should contain the original
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vertices of G and/or vertices from the added paths pi . Given
such a solution an equivalent solution satisfying the condition
that only vertices from U are deleted can be constructed in
polynomial time. In doing so, we swap each vertex v ∈ S and
a vertex u ∈ U , i.e. we keep v and we delete u instead,
and hence we get an induced graph with probably more
components, since deleting vertices from U can disconnect G0
and generates further components. Thus, the obtained solution
is at least as good as S, and satisfies that only vertices from
U are deleted.
Now, let S ⊆ U be a solution of I 0 . In I, we select the k
edges of A as follows: for each vertex v ∈ S, we select from
G the edge uw ∈ E such that uv, vw ∈ E 0 . By deleting A
from G, no more than k edges are deleted, |A| ≤ k, and at
least K connected components are generated. Therefore, A is
a solution of the K-cut problem on G.
This complete the proof.

Remark It is clear that for the complete bipartite graph
Kn1 ,n2 the K-way vertex cut problem is trivial, and the solution
is obtained by deleting the partition of smaller cardinality if
n1 , n2 ≤ k. Otherwise, the solution is to delete any k vertices
that results in only one component.
III. S PLIT GRAPHS
Considering split graphs, we show that the K-way vertex
cut problem is equivalent to the Critical Node Problem (CNP)
[11].
Theorem 3.1: The K-way vertex cut problem and the CNP
are equivalent on split graphs.
Proof. Given a split graph G = (V, E) and a set of vertices
S ⊆ V , we can easily notice that G[V \ S] always contains a
non-trivial connected component and isolated vertices, if any
(see Figure 3). Note that G is a split graph if the set of vertices
can be partitioned into two subsets V1 and V2 , V = V1 ∪ V2 ,
where V1 is an independent set and V2 is a clique.
We recall that the recognition version of both the CNP and
K-way vertex cut problem seeks for finding a set of vertices
of at most k, the deletion of which, respectively, minimizes
pairwise connectivity (for the CNP), or maximizes the number
of components (for the K-way vertex cut problem) in the
remaining graph. According to the value of k, two cases can
be considered:
Case 1: k ≥ |N (V1 )|. This is a trivial case, where the
optimal solution, for both variants, is to delete the vertices
of N (V1 ) and any k − |N (V1 )| vertices from V2 . We then
obtain a residual graph that has |V1 | isolated vertices and a
connected component of size |V2 | − (k − |N (V1 )|).
Case 2: k < |N (V1 )|. In this case, we consider an optimal
solution for the CNP and try to prove that it is also an optimal
solution for the K-way vertex cut problem, and vice versa.
Given an optimal solution s∗ for the CNP on a split graph
G, this solution aims to find a set of vertices S ⊆ V so
that the non-trivial connected component of G[V \ S] is as
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(b)

(a)

Fig. 3. Deleting any subset of vertices (eg. vertices with circles) from a
split graph (see (a)) results in a non-trivial connected component and isolated
vertices (see (b)).

small as possible and the surviving isolated vertices of the
independent set be as large as possible. Therefore, we note
that for s∗ only vertices in V2 are removed from G (i.e.,
S ⊆ V2 ), and given any optimal solution for the CNP, an
equivalent solution satisfying this condition (S ⊆ V2 ) can be
constructed in polynomial time (for proof see [10]). On the
other hand, to solve the K-way vertex cut problem we aim to
obtain a maximal number of components in the residual graph.
In doing so, we seek for maximizing the number of isolated
vertices from V1 once the critical vertices have been deleted.
For this purpose, only vertices in V2 are removed from G,
which is exactly the solution s∗ . Hence, the solution s∗ is
also the optimal solution of the K-way vertex cut problem.
Therefore, an optimal solution of one of the two problems is
an optimal solution of the other, and so the CNP and the the
K-way vertex cut problem are equivalent.

According to Theorem 3.1 and since the CNP is NPcomplete on split graphs [10], we have the following corollary:
Corollary 3.2: The K-way vertex cut problem remains NPcomplete on split graphs.
This is also what has been proven by Berger et al. [16]
through a reduction from the k-clique problem.
IV. OTHER RESULTS
We mentioned above that the K-way vertex cut problem is
polynomially solvable on graphs of bounded treewidth [16].
The considered graphs are unweighted. In this section, we
deduce that it remains polynomially solvable on the case of
weighted graphs with bounded treewidth. Weighted graphs
means that a weight wi ≥ 0 is associated with each node
vi ∈ V . In this case, we ask for a subset of nodes of a
total weight (rather than a cardinality) no more than k, whose
removal maximizes the number of connected components in
the induced graph.
In [10], authors studied the MaxNumSC problem, for Maximizing the Number of Small Components, that can be formulated as follows. Let f c (S) be the function that returns
the number of connected components in G[V \ S] with a
cardinality of at most c. :

Input: A graph G = (V, E), and two integers c and k.
Output: argmax f c (S), where |S| ≤ k.
S⊆V

Given a graph G = (V, E) and two positive integers k
and c, the MaxNumSC problem consists in maximizing the
number of connected components of cardinality at most c,
by deleting k vertices from G. The authors showed that the
problem is polynomially solvable on weighted graphs with
bounded treewidth.
It is obvious that the K-way vertex cut problem is a special
case of the MinMaxSC problem where c = |V |, and as the
MinMaxSC problem is polynomially solvable on weighted
graphs (where wi ≥ 0, ∀vi ∈ V ) we have the following
corollary.
Corollary 4.1: The K-way vertex cut problem is polynomially solvable on weighted graphs with bounded treewidth.
V. C ONCLUSION AND FUTURE WORKS
In this paper, we studied the complexity of the K-way vertex
cut problem on some particular classes of graphs, namely
bipartite and split graphs. This problem asks for finding the
subset of vertices in a graph, the deletion of which results in
the maximum number of connected components in the induced
subgraph. We proved its NP-completeness on bipartite graphs.
While on split graphs, we provided its equivalence to the wellknown problem, namely the Critical Node Problem (CNP).
This allows any solving method for the CNP to be used for
solving The K-way vertex cut problem and vice versa.
The problem still needs more investigation on both complexity study and solving methods. For future works, we can
consider it on subclasses of (or related classes to) bipartite
and split graphs, which can help providing bounds for the
problem hardness. In fact, this is what we are already started
to do by considering bipartite-permutation graphs (which is
a subclass of the bipartite graph class). We found that the
problem can be solved polynomially, on this class of graphs,
using dynamic programming approach. Also, the problem can
be investigated on other important classes of graphs, such as
chordal graphs, disk graphs, etc. which will allow us to find
different applications of this parameter in real-world networks.
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Abstract—Ordered trees are trees in which the left to right
order among siblings is important. Trees shows repetitions in
their intern structure, using this redundancy, this paper seek
to reduce the complexity of tree structures by merging its
isomorphic subtrees producing a directed acyclic graph without
losing data
Index Terms—Ordered tree, Tree reduction, Tree compression,
directed acyclic graph (DAG), Tree-isomorphism.

I. I NTRODUCTION
Trees are among the most important nonlinear structure
arising in computer science. They appear in many fields to
represent hierarchical data such as XML data formats, genealogical studies [1], computer vision [2], pattern recognition
[3], programming compilation and natural language processing
[4].
The main problem with tree structure is the number of vertices when it became more and more important this influences
complexity of algorithms and makes them ineffective in face
of massive data. However,tree structure is characterized by
some internal repetitions of structures. This notion is closely
related to the definition of self-similarity in natural trees.
Hence, the problem of tree compression seek the elimination
of the structural redundancy appearing in trees. For this,
similar parts in a tree are condensed, resulting in a directed
acyclic graph (DAG). This avoids unnecessary duplication of
different instances of the same graphical object and allows to
manipulate efficiently massive data.
In this paper we focused on the particular class of ordered
labeled trees which are trees whose nodes are labeled and
in which the order among siblings is significant. Thus we
consider the problem of ordered tree compression with no loss
of information we then introduce and study in next section
some definitions and make some notational conventions. In
Section 3, we will use tree isomorphism to identify identical
tree patterns in an ordered tree. Based on this and on the
previous definitions and their properties, we will present an
algorithm able to compress an ordered tree into a DAG and
its reverse version that allows the recovering of the initial tree.

II. P RELIMINARIES AND NOTATIONS
A. Trees
A directed graph G = (V, E) consists of a set V of vertices,
a set of edges E, each edge is represented by an ordered pair
of vertices (x, y) where x is called the parent of y and y the
child of x. The set of children of x is represented by child(x)
and nx denote the size of child(x). For any k ∈ {1..nx } xk
represents a child of x. A vertex x is called an ancestor of an
other vertex w and w is called a descendant of x if there exists
a sequence of vertices (x1 , x2 , ..., xn ), called a path, such that
x1 = x and xn = w, and for each consecutive pair of vertices
(xi , xi+1 ), xi is the parent of xi+1 . The ancestor-descendant
relation on the set of vertices of a directed graph is a partial
order relation on the set of its vertices denoted by ≤.
The order (i.e., number of vertices) of a graph G = (V, E)
is denoted by |G| and the number of vertices in a subset of
vertices X ⊆ V is denoted by |X|. A rooted tree is then
an acyclic, connected, directed graph T = (V, E) in which
every vertex except one (the root r) has exactly one parent
vertex: the root has no parent. A node with no children is a
leaf and otherwise an internal node. T [x] denotes the subtree
of T rooted at x which contains all the descendants of x, and
the empty tree and the empty graph are both denoted by φ =
(φ, φ).
The depth of a node v ∈ V , depth(v), is the number of
edges on the path from v to root(T ). The in-degree of a
node v, deg(v) is the number of children of v. We extend
these definitions such that depth(T ) and deg(T ) denotes the
maximum depth and degree, respectively, of any node in T .
The height of a node v ∈ V , h(v), is the maximum number
of the edges on the path from v to any leaf in T .
An ordered tree is a pair (T, S ) where T is a rooted tree
and S ={x ,x∈T} is a set of total order relations such that
for any vertex x of T x is a total order relation on child(x)
[5].
A directed acyclic graph (DAG) is a graph containing no
directed cycle (but which may contain cycles). In a DAG, the
ancestor relationship is a partial order relation [5].
B. Tree isomorphism
Let us consider two rooted ordered trees, T1 = (V1 , E1 )
and T2 = (V2 , E2 ). A bijection ψ from V1 to V2 is a tree
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isomorphism if for each (x, y) ∈ E1 , (ψ(x), ψ(y)) ∈ E2 and
for each xi , xj from child(x) with xi  xj we have ψ(xi ) 
ψ(xj ) where  is a total order relation on child(x). For each
x ∈ V , let c(x) denote the equivalence class of x.
If there exists an isomorphism between two structures T1
and T2 , the two structures are identical up to a relabeling of
their components. In this case, we write T1 ≡ T2 . We show
in Fig.1 an example on such trees relation.
Fig. 2. An ordered tree. σ(B) = σ(D) = σ(E) = {θ} labeled 0, σ(C) =
{0, 0} labeled 1, σ(A) = {0, 1} labeled 2.

T [y 0 ] are isomorphic. Thus T [x] and T [y] are isomorphic as
well.
D. Overview on tree reduction

Fig. 1. T1 [1] and T2 [1] are not isomorphic, while T1 [2] and T2 [2] are
isomorphic sub-trees.

C. Signature of a vertex
Godin and Ferraro defined in [6] the signature of a vertex x ∈ T for unordered trees as a multiset σ(x) =
{(J, n(x, J)), J ∈ Q(T )} where Q(T ) is a quotient graph
obtained from T using equivalence classes of the isomorphism
relation on the set of T subtrees and n(x, J) the number of
children of x that have class J.
It’s obvious that a multiset defines the vertex signature in an
unordered tree since there is no order between sibling. However, ordered trees require some order between the children of
a vertex thus we propose an adaptation of this definition for
our approach applied to ordered trees.
Definition 1. (Signature of a vertex) The signature of a vertex
in an ordered tree is defined as an ordered set of his children’s
signatures for the root and internal vertices and {θ} for a leaf.

Signatures recursively characterize vertices which have
identical equivalence classes, based on the signatures of their
children. We use σ(x) to denote the signature of the vertex
x. Fig.2 shows an example of an ordered tree with its set of
vertices signatures, while Proposition.1 gives the fundamental
characteristic of tree isomorphism on which rests the ordered
tree reduction.
Proposition 1. ∀x, y ∈ T, T [x] ≡ T [y] ⇐⇒ σ(x) = σ(y).

Proof. a) Let us consider two isomorphic subtrees T [x] and
T [y], in other terms c(x) = c(y). Then by definition σ(x) =
σ(y).
b) Let us consider two vertices x and y in a tree T such
that σ(x) = σ(y). This implies that |child(x)| = |child(y)|,
and ∀x0 ∈ child(x), ∀y 0 ∈ child(y), where x0 , y 0 are of the
same order in respectively child(x) and child(y), T [x0 ] and
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The aim of the tree reduction is to transform a rooted tree
T into a directed acyclic graph denoted D = (V, E). Each
vertex of D corresponds to an equivalence class of T subtrees.
All subtrees belonging to the same class are isomorphic. The
reduction of a tree may contain the same information as the
initial tree, and may also allow the recovering of the initial
tree.
The problem of constructing a compression of a tree has
been raised early. Godin and Ferraro [6] proposed two algorithms for rooted unordered trees, the first one based on vertex
signature and computes the reduction of an unordered tree
in time O(|T |2 deg(T )log(deg(T ))). The second algorithm
use edit distance to detect isomorphic subtrees in a bottomup manner. The main idea is to compute the distance from
a tree T to itself. It’s natural that the resulting distance is
null, but as a by-product, all the distances between any two
subtrees of T are computed recursively in close to quadratic
time. Since a null distance between two subtrees denotes the
existence of an isomorphism between the two structures. Given
the complexity of the edit distance computing algorithms, the
complexity of this solution is also important and comes up
to O(|T |2 deg(T )log(deg(T ))) for the used Zhangs algorithm
[7].
In an other proposition [8] authors went far from a compression of tree in width to a higher compression in both
width and height by merging isomorphic structures in width
as in the preview work then introducing new techniques
for compressing substructure in the resulting DAG that are
not exactly isomorphic as they are nested within each-other.
Authors present a formal way to create DAGs with return
edges that compress in hight the resulting DAG G(V, E) in
O(|E|) time.
III. C OMPUTING O RDERED TREE REDUCTION
A. Computing vertex signature algorithm
The signature of a vertex as it was defined as the succession
of the children signatures is built recursively in a bottom-up
manner. Function add signatures in Alg.1 computes the list
of signatures of all T vertices.

Property 1. Ordered tree vertices signatures can be computed
by function add signatures in worst case time O(n2 ) where
n = |T |.
Algorithm 1: Vertices signature computation.
Data: Ordered Tree T = (V, E)
Result: List of signatures of T vertices
Function add signatures(T );
foreach leaf l ∈ V do
l.signature = [];
l.signaturelabel = 0;
list signature = [[]];
n signature = 1;
N :=the list of leafs from V ;
while N is not empty do
foreach vertex n ∈ N do
foreach vertex m ∈ child(n) do
n.signature+ = [m.signaturelabel];

Fig. 3. The quotient graph corresponding to tree of Fig.2.

Definition 2. In the ordered list {a1 , a2 ..an } associated to an
edge (I, J) and denoted by l(I,J) , each ai represents the order
of a child of class J among the other sibling in the initial tree
T.
To illustrate this definition, starting from the quotient graph
of Fig.3, we present in Fig.4 the complete reduction of tree
of Fig.2 including the ordered lists associated to each edge.

if (list signature.contain(n.signature));
then
n.signaturelabel =
list signature[n.signature];
else
list signature+ = [n.signature];
n.signaturelabel = n signature;
n signature+ = 1;
empty N ;
add to N all not signed vertices for which all
children have a signature;
return list signature;

B. Ordered Tree reduction algorithm
Let us now consider the equivalence relation defined by the
tree isomorphism on the set of (complete) sub-trees of a tree
T = (V, E) as defined in Property.1.
The essential step in the reduction is to build a quotient
graph GQ = (VQ , EQ ) from T (V, E) using the equivalence
relation on T vertices, VQ is the set of equivalence classes I
on V , and EQ is a set of pairs of equivalence classes such that
(I, J) ∈ EQ if and only if ∃(x, y) ∈ E and class(x) = I,
class(y) = J.
For the example in Fig.2, VQ = {0, 1, 2} and
EQ
=
{(class(A), class(B)), (class(A), class(C)),
(class(C), class(D))} = {(2, 1), (2, 0), (1, 0)}. The the
resulting quotient graph GQ = (VQ , EQ ) is shown in Fig.3.
A quotient graph GQ obviously condenses the structural
contained in the tree T . However, for each vertex the children
order is very important in ordered trees and GQ does not
contain this information. We thus consider how to augment the
definition of GQ so that the resulting condensed representation
can be used to reconstruct the original tree. For this, we shall
associate an ordered list to each edge of EQ as seen in Def.2.

Fig. 4. The Tree reduction of tree of Fig.2.

Before presenting Alg.2, the method computing the reduction of an ordered tree based on the vertices signatures and
on the quotient graph construction, let us formally define the
resulting reduction graph.
Definition 3. Given an ordered tree T and its quotient
graph GQ = (VQ , EQ ) regarding the isomorphism relation on T , we define its reduction graph R(T ) as a DAG
D = (node list, edge list) in which node list = VQ and
edge list = {(e, le ), ∀e ∈ EQ }.
Property 2. The Tree reduction algorithm compress an ordered tree in the worst case time of O(n2 ) where n = |T |.

Fig.5 summarizes steps for computing a tree reduction of
an ordered tree through an example.
The DAG contains practically all informations contained
in the initial tree T that allow its reconstitution from its
compression R(T ). Alg.3 presents a recursive algorithm for
the tree reconstitution.
Property 3. The Ordered Tree reconstruction is performed in
the worst case time of O(|R(T )| × deg(R(T )).
C. Properties of tree reduction
We notice that the tree and its reduction are equivalent and
contain exactly the same data.
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Algorithm 2: Tree reduction algorithm.
Data: Ordered Tree T = (V, E)
Result: DAG D = (node list, edge list)
node list = [];
edge list = [];
list signatures = add signatures(T );
foreach node x ∈ V do
n = new N ode(x.signaturelabel) ;
if (!node list.contain(n));
then
node list+ = [n];
else

Algorithm 3: Tree Reconstitution.
Data: DAG D = (V, E)
Result: Tress T = (node list, edge list)
Function Reconstitution(Dag node m,T ree node
f ather):;
node list = [];
edge list = [];
if (m is a leaf);
then
create T ree node n;
node list.add(n);
else
create T ree node n;
node list.add(n);
foreach Mi ∈ child(M ) do
foreach i ∈ e(M, Mi ).list() do
create T ree edge
et =(n, Reconstitution(Mi , n, i));
edge list.add(et );

foreach node x ∈ V do
for i = 1; i ≤ child(x); i = i + 1 do
e = newedge;
e.begin = x.signaturelabel;
e.end = child(i).signaturelabel;
if (edge list.contain(e));
then
edge list[e].list+ = [i];
else
e.list = [i];
edge list+ = e;

Property 5. Any tree and its reduction have the same height.
Proof. Let T be a tree and R(T ) its reduction. Since the
proposed compression is performed in width, in such a way
that for any vertex x in T their exists a unique node I in
R(T ) with I = c(x) and for which h(I) = h(x). Then
h(T ) = h(R(T )).

return node list, edge list;

Many quantities that characterize a tree T can be directly
computed on it’s reduction R(T ), thus we define:
- n(I) = |T [x]| the size of the tree rooted in x as
X
n(I) = 1 +
|l(I,J) |.n(J)
(1)
J∈child(I)

Note that for a leaf of T , child(I) = φ, and then n(I) = 1.
- The number of isomorphic subtrees in T rooted in x. for
any I in R(T ):
Fig. 5. a. An ordered rooted tree T of vertices signatures: σ(e) = σ(f ) =
σ(g) = σ(h) = σ(k) = σ(j) = {θ} labeled 0, σ(d) = σ(i) = {0, 0}
labeled 1, σ(c) = {0, 1, 0} labeled 3, σ(b) = {1, 0, 0} labeled 2 and σ(a) =
{3, 2} labeled 4, b. The quotient graph formed of equivalence classes where
each class gather a set of vertices of a same signature: signature of label 0
for class {g, f, m, l}, 1 for {d, i}, 2 for {d}, 3 for {c}, and 4 for {a}, c.
reduction graph R(T )

m(I) = |{x ∈ T |c(x) = I}|

(2)

m(I) = 1

(3)

if parent(I) = φ then

if parent(I) 6= φ then
m(I) = 1 +

Property 4. Any tree T can be recovered from its reduction
R(T ).
Proof. The proof is obvious from Alg.2 computing the reduction of a tree T and Alg.3 performing its reconstruction.
Recall that, for any node I in R(T ), there exists a vertex x
in T such that I = c(x).
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X

|l(K,I) |.m(K)

(4)

k∈parent(I)

- For a tree T (V, E) and it’s compression R(T ) = (Vr , Er ),
the vertex compression factor is defined by
ρv = 1 −

|Vr |
|V |

- Similarly, the edge compression factor is defined by:

(5)

ρe = 1 −

|E|
|E| − 1

(6)

IV. C ONCLUSION
This paper has considered the problem of reduction of
ordered trees where the trees are compressed in width using
internal repetitions of their structures. Isomorphic subtrees are
replaced by a unique class in the reduction. The efficiency
of the compression algorithm is quantified by a compression
factor reflecting the ratio between the size of the DAG and
the size of the initial Tree. The new challenge is to adapt the
solution for a new class of trees as semi-ordered trees and
apply the solution for a real problem in particular the field of
biology and plant biology.
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Abstract: In this paper, we introduce an information retrieval
approach based on a Recursive Query Shifting. The idea is coming
from the observation that precision value, in Precision/Recall
curves, begins very high before downgrading and so no matter
what the considered parameters: feature, matching measure,
threshold, etc. In other words, the first results are commonly
better than the other results coming later. Considering then the
first returned result, recursively, as a query seems to contribute
very well for improving the system accuracy. The idea is adopted
firstly in the case of content based image retrieval and generalized
for the case of documentary retrieval. The simple specificity is
that the first returned image is considered as the new query, in the
case of image retrieval, while the new query is extracted from the
first returned document, in the case of text retrieval, for the
reason that there is no documentary retrieval system with an
entire document as a query. The proposed approach falls in the
purview of mechanisms for pseudo relevance feedback with longterm learning helping to improve the interrogation protocol. It
consists to reformulate the original submitted query recursively as
an attempt for being closer to the user requirement as well as to
the other collection elements. The approach is materialized into
two algorithms namely QRM1 and QRM2. The experiments
conducted on returned Google Scholar results as a text collection
and COREL-1K images benchmark yield very promising results.
Key-words-- Recursive Query Shifting, Information Retrieval,
Content based-image retrieval, Text Retrieval.

I.

INTRODUCTION

Information retrieval is qualified as a complex and not well
defined problem. Indeed, unlike database systems, information
retrieval one addresses semi-structured and non-structured data.
Moreover, no matter what the information nature being
retrieved (text, image or video), the users are still globally not
satisfied. This problem, stilling open within scientific research
area, requires then more improvement. Improving information
retrieval system accuracy consists of enhancing its components
that of indexing stage, interrogation protocol, and matching
process. The purpose of the indexing stage is to index the
collection elements through encoding them into a significant
and compact form known as a features index. Owing to its
overload in terms of run time, this stage is established off line.
How to encode the elements of the collection being retrieved is
designated through the adopted model. There is a large
spectrum of models: Boolean model relying on ensemble
theory, vector model based on algebra and probabilistic model
relying on probabilistic theory. Contributions, done in the
indexing stage, focusing in characteristics or features
extraction, attempt to propose an effective signature. Many
efforts have been put for proposing an effective indexing stage,
either within text [1], image [2], [3] or video [4]. For matching
process, aiming to compare between the query representation

and the established index, a large spectrum of matching
measures (distances, quasi-distance, similarities and
divergences) have been considered for attaining a high retrieval
quality [5], [6], [7], [8]. For interrogation protocol, interesting
in query shifting/reformulation, many schemes have been
considered such as query expansion/reformulation [9], [10],
[11], (pseudo)relevance feedback scheme [12], [13], [14].
In this paper, we focus on interrogation protocol through
introducing a new approach based on recursive query shifting.
The considered approach takes advantage of three previously
proposed schemes namely: query reformulation [10], (pseudo)
relevance feedback [12], and collective contribution of
retrieved information materialized in incremental-KNN [13]
and multi-queries approach [15], [16], [17], [18], [19].
The remained of the paper is arranged as follows: in section
2, we give some background through talking about interaction,
pseudo relevance feedback, and some re-ranking algorithms.
Section 3 presents our introduced method based on a recursive
query shifting. We conclude the paper with a conclusion.
II.

BACKGROUND

a) Interaction and Interrogation Protocol
Interaction module includes interrogation protocol and
results’ visualization through system graphical user interface.
Its protocol delimits the interrogation language in which the
query has to be formulated. Interaction module is very
important compound owing to its direct relation with the user
query and in consequence with the user requirement being
satisfied. Efforts, done in this direction, focus on the query
through attempting to reformulate and expand it [10] in a way
that leads to good results. Another direction is to re-rank results
[20] before the final visualization to the user through soft
computing [21] and data mining [22], [23] tools. The second
basic task of the interaction module is to display results. The
exploration of the elements collection being retrieved is another
retrieval way ensured by some information retrieval graphical
user interface such as Yahoo [24]. Actual trend for overcoming
the gap between the user query and his/her need is the
appealing of multi-queries scheme [15], [16], [17], [18], [19].
b) Relevance Feedback
Relevance is an interesting notion within information
retrieval field. This complex concept [25] is defined as the
correspondence, in terms of information, between document
and query. There are primarily two kinds of relevance: system
relevance and user relevance. System relevance [26] is referred
to the score attributed by the system as a relevance evaluation
for the document content with respect to that of the submitted
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query. Such relevance is determinist. User relevance [16]
consists of the relevance judgement of the user for the results
answered by the system. Such relevance is non-determinist and
subjective. One way to improve information retrieval system
quality is to reduce the angle between the both notions namely:
system relevance and user relevance through relevance
feedback scheme. Relevance feedback is appeared firstly
within text retrieval field and generalized later to other
information natures such as image [13] and video [27].
Relevance feedback mechanism, coming from text information
retrieval [12], consists of deeming by the user some documents
among those returned by the system. Relevance feedback
mechanism, which proved its performance in the case of text
with different models [28], [29], seems to be more suitable for
the case of image retrieval where it has been applied later [30],
[31], [32]. Indeed, contrary to text and video, a whole fraction
look is enough to inject relevance feedback information in the
case of image retrieval.
Unfortunately, it is not always possible that the user injects
his/her relevance feedback information. Pseudo relevance
feedback, aiming to look for some correlations and regularities
between the first returned results, has been adopted then for
replacing the user judgement [33], [20], [34].

.

KNN [13], Neural Networks [50], Support Vector Machine
(SVM) [51], and decision tree [52] for classification.
Parameterization algorithms allow to increase the weight of
relevant features such as in Feature Weighting algorithm [53]
or to optimize the parameters in the case of many matching
measures such as in ‘Optimizing of the Parameters of the
Similarity Metric’ method [13] for enabling to better rank the
images deeded as relevant by the user.
Other improvement class of algorithms is materialized by
Majority Voting Re-ranking Algorithm (MVRA), we have
introduced in [36], which re-ranks the first returned images
answered by an image retrieval system through considering
sub-set of images as candidates and the others as electors. On
the basis of these two sets (candidates and electors), a vote
operation is organised for generating a new better rank. This
algorithm is validated again in [35], [37] through its
comparison with other pseudo relevance feedback algorithms
of the literature. The effectiveness of the algorithm is validated
later into documentary retrieval through a combination with
query reformulation [9]. Even the supervised version of the
algorithm (SMVRA: Supervised Majority Voting Re-ranking
Algorithm) is considered in [20].

Another essential point for the (pseudo) relevance feedback III. OUR PROPOSED APPROACH BASED ON RECURSIVE
QUERY SHIFTING
is the collective judgement of the results. Indeed, the
encouraged results obtained by the algorithms, proposed
Our first proposed method, known as Query Reformulation
previously in our works such as Majority Voting Re-ranking
Method
1 (QRM1), is inspired from some essential personal
Algorithm (MVRA) [9], [35], [36], [37] and Incremental-KNN
review
of
information retrieval problems and systems. This
[13], pertain primarily to the collective judgement rather than
review
is
summarized
into the following points:
for the relevance feedback scheme itself.
Amelioration is mandatory: Comparing to database systems
c) Re-ranking based on (Pseudo) Relevance Feedback: Query
attacking
structured data, information retrieval is qualified as a
Reformulation and Query Expansion, Clustering and
not
well
defined
problem for the reason that the information
Classification, Parameterization, and Majority Voting Rebeing
addressed
is
semi-structured or unstructured one. Such
ranking Algorithm
systems, built for addressing not well defined problems, need
surely amelioration, improvement and enhancement through
In [37] and [38], we have classified re-ranking algorithms
post-processing steps.
into two classes: algorithms based on pseudo relevance
feedback and algorithms based on relevance feedback. The two
Interrogation protocol has to receive more attention:
categories are classified into three other classes: query
Although the fact that representation is on the core of any
reformulation or expansion, clustering or classification, and
information retrieval system (which makes indexing stage more
parameterization.
valuable), the interrogation protocol and query representation
have to receive more attention for the reason that the system is
The mental user requirement, in terms of information, is
built for satisfying the user requirement expressed by the query.
expressed relatively employing a user query allowing, more or
Moreover, submitting the query is the first operation into the
less, getting access for the relevant documents [39]. A basic
system which influences much more the entire system quality
way to improve the results of an information retrieval system is
with respect to the other operations coming later.
then adopting query reformulation/expansion mechanism [10].
Pseudo relevance feedback is better as post-processing: it is
For reformulation techniques, there are commonly two large
a mechanism helping to enhance the results of information
classes: global techniques working in the entire collection and
retrieval system before any results visualization and without
local techniques working only in some returned results [40].
any user assistance. The pseudo relevance feedback is which
Among re-ranking algorithms based on reformulation, we
we need then for integrating enhancement within the
can quote: Query Point Movement [41], Standard Rocchio
information retrieval system.
Formula [42], Bayesian Relevance Feedback [43], and
Collective decision: Some algorithms we have previously
Adaptive Query Shifting [44].
introduced into image retrieval such as MVRA [9], [35], [36]
and incremental-KNN [13] sustain the idea that the collective
Many algorithms of clustering and classification have been
decision for designating the relevant elements is better than the
used as a post-processing aiming to improve information
single decision based commonly on the submitted query. The
retrieval results through using respectively pseudo and
idea is not really novel. Indeed, multi-queries approach [15],
relevance feedback. We can cite: K-means [13], [45],
[16], [17], [18], [19] and meta-engine approaches [54] adopted
Hierarchical Agglomerative Clustering Algorithm (HACM)
the same idea.
[13], [45], Self Organizing Map [46] for clustering and KFirst results are good: Our previous experimentations reveal
nearest Neighbours (KNN) [13], [47], [48], [49] Incrementalthat the first results of any query are relevant. The performance
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downgrades increasingly. The idea of the algorithm is to keep
only the first result of any query that we have not yet keep and
considering it as the new query. Its first result will be kept and
considered as the new query again and so on.
The first result, returned by the retrieval system as an
answer for a query, is technically (according to the considered
setting: indexing method and the adopted matching measure)
more close to the elements of the asked database than the query
itself. So, it seems to be more effective to keep only this first
result and consider it as a new query for asking again the
database and so on. According to that, the system needs much
iteration for asking the data base. Each new query requires
iteration for getting only one result. However, we hope to
encounter this demerit by the remarkable upgrading of
effectiveness.
For the second algorithm, known as Query Reformulation
Method 2 (QRM2), we proceed to fuse QRM1 with the idea of
Query Point Movement technique [41] through considering the
centroid of the initial query and the first returned result as the
new query.

.

Initialization
Results_to_be_visualizedΦ
Images_collection={image1, image2, .., imageN}
COUNT0
Step 1:The user submits the query according to the interrogation
language: an image query in the case of image retrieval, and some
key-words in the case of text retrieval.
Step 2: The query image is encoded according to the considered
indexing signature for the case of image retrieval, and text query is
sent to Google Scholar in the case of text retrieval.
Step 3: Retrieve the closest image through comparing the
indexed_query to the indexed_images according to the considered
matching measure in the case of image retrieval, and receive
documents results from Google Scholar in the case of text retrieval.
Step 4: Results_to_be_visualizedResults_to_be_visualized plus
closest element that does not exist into results_to_be_visualized

According to the pre-cited analysis, we introduce then a
intuitive information retrieval approach based on a Recursive
Query Shifting. The approach is materialized into two
algorithms: QRM1 and QRM2. The architecture of QRM1 and
the associated pseudo code are given respectively in Fig.1 and
Fig.2. The architecture of QRM2 and the associated pseudo
code are given respectively in Fig.3 and Fig.4.

COUNTCOUNT+1

The difference between QRM1 and QRM2 is into
computing the query to be considered per iteration (step 5).
QRM1 presumes each new retrieved result as the new query to
be considered while QRM2 considers the centroid of the all
retrieved results including the new retrieved result as the new
query.

Step 6: if COUNT<N then go to Step 2

Step 5: new_QueryIndexed_closest_image recently added to
results_to_be_visualized //in the case of images retrieval
new_Queryold_Query+ one word from the first returned document
recently added to results_to_be_visualized //in the case of text
retrieval

Step 7: END.
Fig 2. The pseudo code of QRM1.

Fig 1. The General Architecture of the System taking into account QRM1.
Fig 3. The general Architecture of the System taking into account QRM2.
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IV.

.

MATERIAL AND EXPERIMENTS

Initialization

1) Materials

Results_to_be_visualizedΦ

For testing the effectiveness of QRM1 and QRM2, we
conduct the following experiments into COREL-1K images
collection [55] and into some documents returned by Google
Scholar [56] as results for some submitted queries. For the
considered matching measure, we have chosen for Ruzicka
similarity for images as advised within [5] and cosinus
similarity [57] for the case of text. As signature in the case of
visual information (images), we have utilized the three first
colour moments. For the evaluation metrics, we have utilized
precision [58], recall [58], utility value [59] and precision and
recall adapted for the case of the web [60].

Images_collection={Image1, Image2, .., ImageN}
COUNT0
Step 1: The user submits the query according to the interrogation
language: an image query in the case of image retrieval, and some
key-words in the case of text retrieval..
Step 2: The query image is encoded according to the considered
indexing signature for the case of image retrieval, and text query is
sent to Google Scholar in the case of text retrieval.
Step 3: Retrieve the closest image through comparing the
indexed_query to the indexed_images according to the considered
matching measure in the case of image retrieval, and receive
documents results from Google Scholar in the case of text retrieval.
Step 4: Results_to_be_visualizedResults_to_be_visualized plus
closest element

Fig 5. Some images representing th 10 classes of COREL-1K images database.
COUNTCOUNT+1

2) Experimental Results on COREL-1K

Step5:new_Querycentroid of Indexed_Results_to_be_visualized
//in the case of image

(

∑

Besides the proposed algorithms namely: QRM1 and
QRM2, algorithms considered for the case of images retrieval
are: Incremental-KNN [13], (pseudo) Query Point Movement
[41], (pseudo) Standard Rocchio Formula [42], (pseudo)
Adaptive Shifting Query [43], Supervised Majority Voting Reranking Algorithm [9], [20],[35], [37], KNN [13], [47], [48],
[49], Feature Weighting [53], optimization of the parameters of
the similarity metrics [13], (pseudo) Bayesian Relevance
Feedback [43], k-means [13], [45], and HACM [13], [45].

) //in the case of documents

Step 6: if COUNT<N then go to Step 2
Step 7: END.

Fig 4. The pseudo code of QRM2.

Where: DVR are documents to be visualized representation,
and NDV is the number of documents to be visualized.

Fig.6 and Fig.7 show respectively some CBIR results and
the indexing process using color moments.

The assumption of QRM1 relies on the idea that the new
retrieved result is closer to the rest elements of the collection
being retrieved than the original query. It seems then to be a
good idea to retrieve elements with another closer element. For
QRM2, relying on the centoid of the retrieved elements is
inspired from query point movement technique. The difference
is that here the mechanism is an automatic ranking operation
done on all collection elements rather than semi-automatic reranking one done just on subset of the collection.
The idea behind the proposed approach is coming from the
fact that a system such as information retrieval system,
addressing not well defined problem where there is no a formal
description, requires always an improvement step. This
enhancement step is performed usually as a post-processing
task utilizing relevance or pseudo relevance feedback. In our
proposed approach, we proceed to shift the original query after
any retrieved result not visualized to the user. In other words,
we do not wait for the proceeding of the initial search for
launching shifting query; we have to launch it from the
beginning. Another characteristic of the proposed approach is
that there is a collective participation into the query shifting
which not the case is before.
It is so worthy to note that the effectiveness of QRM1 and
QRM2 are not really related to the global performance of the
considered setting but it is related to the performance with
respect to the first returned result apart from the other results
coming later that will be ignored.
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Fig 6 Snapshot screen of CBIR results.

As depicted in Fig.7, QRM2 outperforms clearly the
considered algorithms of the literature based both on pseudo
and relevance feedback, while QRM1 is better than all the
considered algorithms except Incremental-KNN.
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b) For the case of Google Scholar
QRM1 algorithm yields an improvement comparing with
the accuracy of Google Scholar and QRM1 algorithm which is
effective only for some queries. The results may be justified as
follows:
 Google Scholar is an effective research engine difficult
to be improved.
 The precision considered for the case of the web reflects
much more homogeneity rather than effectiveness.
 We meet some technical problems related to the used
materials. These problems may be summarized as
follows: (a) some PDF documents returned by Google
Scholar are formatted as images from where text is
difficult to be extracted; (b) some returned documents
are not free. The both document cases have been
overtook which influences surely accuracy computation
and comparison.
V.

Fig 7. A Basic CBIR system vs. Shifting Query Method (QRM1 and QRM2)
vs. some techniques of literature in terms of Utility Concept.

3) Experimental on Google Scholar
Table1 and Table2 show the submitted queries and their
associated shifted queries (added terms) generated respectively
by QRM1 and QRM2 for the case of document retrieval.
Table3 shows the accuracy of Google Scholar, QRM1, and
QRM2 over the considered queries.
4) Discussion
The method proposed in this paper is sustained theoretically
for the reason that it is usually difficult, for the common user,
to submit the appropriate query which really reflects his/her
information need and leading to good performances.
Practically, the proposed method, combining shifting query,
pseudo relevance feedback, collective participating of the
retrieved results (especially for QRM2 algorithm), improves
results whether the initial results are not so bad and also not
very good. Indeed, it is so difficult to improve good results, and
it is not possible to extract relevant queries, leading to better
performances, from results of low quality. The proposed
method is also comparable to some shifting query techniques of
the literature. Using two different experimental collections, that
of a local database and some results answered by Google
Scholar engine, allow testing the proposed method into two
directions: image and text.
a) For the case of CBIR
The proposed algorithms namely: QRM1 and QRM2 are
very promising especially QRM2 which outperforms all
experimented literature techniques. For QRM1, it is relatively
comparable with the other re-ranking techniques of literature.

CONCLUSION

In this paper, we introduced two algorithms based on query
shifting considering collection decision, reformulation, and
implicitly multi-queries scheme. The first algorithm, called
QRM1, considers iteratively the first returned result as a new
query. QRM2 combines the idea of QRM1 with Query point
Movement technique. QRM1 and QRM2 have been tested into
image and text through using respectively COREL-1K images
collection and results returned by Google Scholar. QRM2
outperforms many shifting query techniques of literature in the
case of image retrieval while QRM1 improves relatively the
accuracy of Google Scholar for the case of text retrieval.
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TABLE I. SUBMITTED QUERIES AND THEIR TERMS ADDED BY QRM1 OVER DIFFERENT ITERATIONS
Initial query

1st Round

2nd Round

3th Round

Term added for QRM1 Algorithm
4th round
5th round
6th round

7th round

8th round

9th round

University

Data

Structure

Term

Recall

Document

Query

Database

client

Local

Analysis

Term

Retrieval

Image

Spatial

Search

Similarity

Measure

Statement

Knowledge

Research

Visualization

Evolution

Activity

Performance

Development

Design

Data

Model

Simulation

System

Expert

Performance

Scientific

References

transformation

Visualization

Data

Chapter

Principles

Learning

Screen

Affordance

Constraint

Project

State

System

Representation

Learning

Game

Aggregate

Data

Analysis

Distributed

System

Information

Static single
assignment
(SSA)
Image

Data

Classification

Feature

Tracking

Remote Method
Invocation(RMI)

Model

Value

Change

Strategic

Human

Management

Family

Work

Diversity

State

Use

Relation

Access

Security

Case

Design

Analysis

Aspect

Channel

Fading

Trellis

Source

Energy

Cache

Grid

Node

Check

Information
retrieval
Query
Expansion
Software
maintenance
Verification
and
validation
Object
design
Functional
programming
Remote
object access
Business
component
resources
Object
modelling
with UML
Code
performance
optimization

TABLE II SUBMITTED QUERIES AND THEIR TERMS ADDED BY QRM2 OVER DIFERENT ITERATIONS.
Initial query

1st Round

2nd Round

3th Round

Term added for QRM2 Algorithm
4th round
5th round
6th round

7th round

8th round

9th round

University

Web

chapter

Document

References

Reading

Classification

Clustering

text

Local

Analysis

Context

document

Feedback

Concept

Passage

Term

performance

Slice

Statement

Program

Variable

output

Soft

Techniques

Set

method

Use

Data

Techniques

system

Accuracy

Test

Computer

Method

simulation

Chapter

notes

Visualization

Data

References

Class

Smart

Work

internet

Data

Use

Value

State

Section

Term

Function

Language

error

Distributed

system

Communication

Replication

Example

Consistency

Summary

Architecture

security

Model

Value

Firm

Research

Strategy

Component

Level

Element

Proprietary

State

Use

Case

Developer

Problem

Analysis

Diagram

Sequence

design

Channel

LDPC

Fading

Degree

Density

Distribution

Threshold

Rayleigh

block

Information
retrieval
Query
Expansion
Software
maintenance
Verification
and
validation
Object design
Functional
programming
Remote
object access
Business
component
resources
Object
modelling
with UML
Code
performance
optimization
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TABLE III THE ACCURACY OF GOOGLE SCHOLAR, QRM1, AND QRM2 OVER THE CONSIDERED QUERIES.
Queries

Precision
Google Scholar

QRM1

QRM2

Information retrieval

83.19%

90.01%

85.66%

Query expansion

82.29%

87.00%

81.78%

Software maintenance

95.66%

84.01%

87.92%

Verification and validation

78.08%

74.78%

88.20%

Object design

66.04%

83.15%

85.93%

Functional programming

92.85%

89.45%

90.41%

Remote object access

89.48%

92.22%

70.24%

Business component resources

84.46%

78.65%

80.59%

Object modelling with UML

94.49%

95.22%

86.80%

Code performance optimization

82.08%

79.15%

87.84%

Global Added accuracy Percentage

+5.02%

-3.25%

Number of queries where there is an added accuracy

5 from 10

4 from 10
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Abstract—In recent years, there has been rapid development
in the research area of deep learning. Deep learning was used to
solve different problems, such as visual recognition, speech
recognition and handwriting recognition and was achieved a very
good performance. In deep learning, Convolutional Neural
Networks (ConvNets or CNNs) are found to give the most
accurate results in image recognition and object detection
problems.
In this paper we'll go into summarizing some of the most
important deep learning models used for object detection tasks
over this last recent year, since the creation of AlexNet in 2012.
Then, we'll make a comparison in speed and accuracy between
the most used state-of-the-art methods in object detection.
Keywords—Object Detection,
Convolutional Neural Networks

I.

Deep

Learning

II.

An ideal detector should have:

A. High accuracy in localization and recognition:
The detector must be able to locate and recognize objects
in images accurately.
B. High efficiency in time and memory:
The detection task should run at a sufficiently frame rate
with acceptable memory and storage usage.
For accuracy, we have two main challenges:
 Firstly, intra-class variations, where each object
category can have many object instances. These
instances varying in several features like color, texture,
size, shape and different poses in case of non-rigid
classes. The variations are caused by changes in a set
of factors such as locations, weather conditions,
cameras, backgrounds, illuminations, viewpoints, and
distance. Further challenges can be added such as
illumination, pose, scale, occlusion, background clutter,
shading, blur, motion, noise corruption and poor
resolution.

Methods,

Introduction

Object detection is one of the most active field of research
in computer vision, where it involves both object classification,
classifying every object in the image and object localization,
localizing each object by drawing a bounding box around it.
Today with the continuous increase in the use of object
detection in several interesting applications such as video
surveillance, robotic, self-drive car, etc. it became necessary to
develop more accurate and faster systems. Deformable Part
Model [1] was the dominant detection framework before the
widespread use of Convolutional Neural Networks. Recently,
Convolutional Neural Networks contributed to a significant
increase in the accuracy of object detection and greatly
surpassed other classic models such as Viola & Jones
framework [2], and Histograms of Oriented Gradient (HoG)
[3].
The rest of the paper is organized as follows. Firstly,
Section II presents challenges and problems to build an ideal
detector. Then, Section III provides a brief history of
Convolutional Neural Networks. Next, Sections III presents
set of datasets for object recognition. After that, Section IV
offer an overview of a set of most important object detection
methods and classifiers during the past few years. Then in
section V, we make a comparison between set of methods in
accuracy and speed. Finally, section VI concludes the
overview.

Challenges and Problems

 In addition to intra-class variations, we have huge
number of object categories in real world, where the
number of object categories in existing benchmark
datasets is much smaller than that can be recognized
by humans.
For efficiency, the challenge is the need to detect objects in
real time. This often requires big performance or sacrificing
accuracy versus speed. On the other hand, we need to build an
efficient detector that work in devices that have limited
computational capabilities and storage space such as mobiles.
III.

History of Convolutional
Neural Networks

Convolutional Neural Networks is a deep learning
architecture that have proven very effective in computer vision
tasks. CNN was inspired from the cat’s visual cortex. In 1962,
Hubel and Wiesel’s [4], found that cells in animal visual
cortex are responsible for detecting light in receptive fields.

233

International Conference on Artificial Intelligence and Information Technology, ICA2IT'19
Inspired by this discovery, Kunihiko Fukushima proposed a
hierarchical model called Neocognitron[5]. Then, the first
CNN was proposed by Hecht-Nielsenand LeCun et al., after
many previous successful iterations since the year 1988, they
developed a multi-layer artificial neural network trained with
the backpropagation algorithm [6] called LeNet-5 [7] and it
was used to classify handwritten digits. After this period the
search in Deep Learning has entered a dark time. The next
step for deep learning took place in 1999 owing to GPUs that
make computers faster. Another big step was in 2009 when
professor Fei-Fei Li launched ImageNet, a free data base of
more than 14 million labeled images. With a large amount of
data and the advent of GPUs, the field of CNN has gone
through a renaissance phase and many publications have
developed more efficient methods of training neural networks
using GPU computing. In 2012 Krizhevsky, Ilya Sutskever,
and Geoffrey Hinton won the ImageNet Large Scale Visual
Recognition Challenge (ILSVRC) with deep CNN model
called AlexNet, which was the beginning of a modern history
of object detection.
IV.

Datasets play a very important role in object detection
research, they have been one of the most important factors for
the progress in the field, unfortunately data is harder and more
expensive to generate. Over the last decade, a number of
datasets have been made public to evaluate object detection
algorithms. These datasets are collected from different
scenarios and can therefore be used as a reference for
applications. Below in TABLE I, there are a set of the popular
TABLE I. OBJECT DETECTION DATASETS

MNIST[8]
ImageNet[9]
Caltech-101[10]
Caltech-256 [11]
MS COCO[12]
PASCAL
VOC(2012)[13]
CIFAR-10[14]
Scene-15[15]
Tiny images [16]
SUN[17]
Open Images [18]

Total
Images
60,000
>14
Millions
9,145
30,607
>328,000

10

Image
Size
28x28

Started
Year
1998

21841

500x400

2009

101
256
91

300x200
300x200
640x480

2004
2007
2014

11,540

20

470x380

2005

60,000
4,485
>79
Millions
131,072
>9
Millions

10
15

32x32
256x256

2009
2006

53,464

32x32

2006

908

500x300

2010

>6000

varied

2017

Categories

(b)

(c)
Fig. 1. Some images example from ImageNet Dataset (a), Pascal VOC
Dataset (b) and COCO Dataset (c)

Datasets for object detection

Dataset

(a)

generate regions of interests that have a high probability of
being an object. The second step then performs the final
classification and bounding-box regression of objects by
taking these regions as input. These two steps are named the
Region Proposal Step and the Object Detection Step
respectively. Such models reach the highest accuracy rates,
but are typically slow.

B. One-stage detectors
Such as YOLO and SSD, that treat object detection as a
simple regression problem by taking an input image and
learning the class probabilities and bounding box coordinates.
The approach is simple and elegant because it completely
eliminates region proposal generation, encapsulating all
computation in a single network. Such models reach lower
accuracy rates, but are much faster than two-stage object
detectors and shown higher memory efficiency.
In this section we will show some of the most prominent
detectors in recent years, and five of famous neural networks
classifiers that have served as backbone in a lot of object
detectors architectures. Most of these classifiers are trained in
ImageNet dataset. All methods are listed in Fig. 3:
Object Detectors

datasets for object recognition.
V.

One-stage Detectors

Object detection methods
based on deep learning

Currently we can organize object detectors in two main
categories Fig. 2:

A. Two-stage detectors
Such as Faster R-CNN that divides the detection process in
two steps. The first step uses a Region Proposal Network to
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OverFeat
Yolo
Yolov2
SSD
RetinaNet

Two-stage Detectors







RCNN
SPP-Net
Fast-RCNN
Faster-RCNN
R-FCN
Mask RCNN

Fig. 2. Main categories of object detectors
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A. Neural networks classifiers
1) AlexNet [19]: is CNN for image classification created
by A. Krizhevsky, I. Sutskever, and G. Hinton that was won the
ILSVR 2012[20]competition and achieved top-5 test error rate
of 15.3%, compared to 26.2% achieved by the second-best
entry. Alexnet is neural network with five convolutional layers
some of which are followed by max-pooling layers, it uses
three fully-connected layers in the end of the network. The
output of these layers feeds a final 1000-way softmax. Also
AlexNet integrated various regularization techniques, such as
data augmentation, dropout and used ReLU for the
nonlinearity functions to decrease training time.
2) ZFNet [21]: Was the winner of the ILSVRC 2013
competition with 11.2% error rate. M. Zeiler and R. Fergus
from NYU built neural network similar to AlexNet architecture
with some modifications (7x7 kernel instead of 11x11 to retain
more information) and a new visualization technique named
Deconvolutional Network (deconvnet). This technique does the
opposite work of convolution layer (from feature map to
pixels). DeconvNet helps to examine different feature
activations and their relationship to the input space.
3) VGGNet [22]: Simonyan and Zisserman of the
University of Oxford created a 19 layer CNN that strictly used
3x3 filters with stride and padding of 1, along with 2x2
maxpooling layers with stride 2. VGGNet increased the depth
of the network by adding more convolutional layers and taking
advantage of very small convolutional filters in all layers. It
was demonstrated that the representation depth was beneficial
for the classification accuracy. Although rank 2 in ILSVRC
2014 which achieved 7.32% it is widely used as backbone in
many object detectors architecture for extracting features
from images.
4) GoogleNet(Inception)[23]: Is the winner of ILSVRC
2014 with 6.7% top 5 error rate. Their architecture consisted
of 22 layers deep when counting only layers with parameters
(or 27 layers if we also count pooling). Instead of traditionally
stacking up conv and maxpooling layer sequentially, it stacks
up Inception modules, which consists of multiple parallel conv
and maxpooling layers with different kernel sizes. It uses 1x1
conv layer to reduce the depth of feature volume output.
5) ResNet [24]: Residual Neural Network won the ILSVRC
2015 competition with an unbelievable 3.6% error rate
(human performance is 5-10%). ResNet is a new 152 layers
network architecture with skip connections and features heavy
batch normalization. In this technique they were able to train
Image Classifier
Object Detector

R-CNN

AlexNet
2012

OverFeat

2013

2014

ZFNet

B. Neural networks detectors:
1) Overfeat [25]: Is a sliding window approach that can be
uses for classification, localization and detection. Overfeat
using Convolutional Networks that contains eight layers. Five
convolutional layers in the first and the remaining three are
fully-connected layers. The output of these layers feeds a
softmax layer to make prediction probability of 1000 classes.
In the ILSVRC 2013 dataset, OverFeat ranked 4th in
classification with 14.2% error, 1st in localization with 29.9%
error (top 5 error rate) and 1st in detection established a new
state of the art with 24.3% mean Average Precision (mAP).
2) R-CNN[26]: Regions with CNN features or R-CNN
built by Ross Girshick et al. achieves 53.7% mAP on PASCAL
VOC 2010, and 31.4% mAP on the ILSVRC2013 detection
dataset. This results are considered as a large improvement
over OverFeat network. R-CNN takes an input image, extracts
around 2000 bottom-up region proposals using Selective
Search [27], algorithm then computes features for each region
proposal using convolution neural network, then classifies
each region using linear SVMs.
3) SPPNet [28]: Spatial Pyramid Pooling Net is
essentially an enhanced version of R-CNN by introducing two
important concepts: adaptively-sized pooling. It uses spatial
pooling after the last convolutional layer as opposed to
traditionally used max-pooling, and computing feature volume
only once. SPPNet ranked 3ed among all 38 teams attending
ILSVRC 2014 with 8.06% error rate.
4) Fast R-CNN [29]:Takes as input an image and a set of
object proposals (generated using selective search). After that,
R-CNN applied convolution neural network to the entire
image to produce a feature map, then, for each region
proposals, used Region of Interest (RoI) Pooling on the
feature map to extract features vector. Each features vector
feeds a sequence of fully connected layers with a final feed
forward network with two output layers: one for classification
(produces class probability) and another for regression
(produces bounding-box values). Fast R-CNN achieved top
accuracy on PASCAL VOC 2012 with a mAP of 66%.
5) Faster R-CNN [30]: Slowest part in Fast R-CNN was
FasterRCNN

GoogleNet
SPPNet

a very deep neural network with 152 layers. Instead of
transforming the input representation to output representation,
ResNet sequentially stacks residual blocks, each computes the
change it wants to make to its input, and add that to its input
to produce its output representation. This is slightly related to
boosting.

FastRCNN

ResNet

R-FCN

MaskRCNN

2016

2015

VGGNet

YOLO

SSD

2017

YOLOv2

Fig. 3. Chronology of object detectors and classifiers based on the point in time of the first arXiv version
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Selective Search or Edge boxes [31]. Faster R-CNN replaces
selective search by a very small convolutional network called
Region Proposal Network (RPN) after the last convolutional
layer to generate regions of Interests. From that stage, the
same pipeline as R-CNN is used region of interest (RoI)
pooling, fully connected layer (FC), and then classification
and regression heads. Faster R-CNN introduces the idea of
anchor boxes to handle the variations in aspect ratio and
scale of objects. Faster R-CNN achieves state-of-the-art object
detection accuracy on PASCAL VOC 2007 (73.2% mAP) and
2012 (70.4% mAP) using 300 proposals per image.
6) YOLO[32]: (You Only Look Once)YOLO transform
detection as a regression problem it looks at the complete
image at once as opposed to looking at only a generated
region proposal in the previous methods. It uses a single
convolutional neural network that contain 24 conv layers
followed by 2 FC layers for both classification and
localization tasks. YOLO divides the input image into S×S
grid cells each cell have B anchors and it is responsible for
predict B boxes and class probability for each box. The
predicted bounding box consist of 5 values x, y, w, h and the
confidence for those boxes, where (x, y) represent the center of
the box relative to the bounds of the grid cell and w, h
represent width and height relative to the whole image. This
model allowing real time object detection (45 frames per
second) and achieves a mAP of 63.4% on the VOC 2007 test
set.
7) Fast YOLO (Tiny YOLO)[32]: Is a smaller version of
YOLO with 9 convolutional layers instead of 24. It is much
faster (runs at more than 155 fps) but less accurate than the
normal YOLO model (57.1% mAP). Fast YOLO is the best
solution when the detector speed is critical.
8) SSD [33]: Like YOLO, SSD (Single Shot Detector) is a
method for detecting objects in images using a single deep
neural network for both tasks of object localization and
classification. It was released by C. Szegedy et al. at the end of
November 2016 and reached new records in terms of
performance and precision for object detection tasks, scoring
over 74% mAP at 59 frames per second on standard datasets
such as PascalVOC and COCO.
9) R-FCN [34]: Is a region-based, fully convolutional
network for accurate and efficient object detection. In Faster
RCNN after the RPN stage, each region proposal had to be
cropped out and resized from the feature map and then fed
into the Fast RCNN network. This step is the most time
consuming .The R-FCN is an attempt to make the the network
faster by making it fully convolutional and delaying this
cropping step, the idea is increase speed by maximizing
shared computation. As result R-FCN show competitive
results on the PASCAL VOC 2007 datasets with 83.6% mAP.
Meanwhile, is achieved at a test-time speed of 170ms per
image, which is faster than Faster R-CNN.
10)YOLOv2[35]: After various improvements to the YOLO
standard detection tasks like PASCAL VOC and COCO.
YOLOv2 offered an easy trade-off between speed and
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accuracy. At 67 FPS, YOLOv2 gets 76.8 mAP on VOC 2007.
At 40 FPS, YOLOv2 gets 78.6 mAP. YOLOv2 is real-time
object detection system that can detect over 9000 object
categories.
11)Mask R-CNN [36]: Running at 5 fps, it was built by the
Facebook AI research team (FAIR) in April 2017 this
approach added to RCNN a branch to predict an object mask.
Mask RCNN consists of two stages. The first stage, proposes
candidate object bounding boxes where there might be an
object. Second, it predicts the class of the object, refines the
bounding box and generates a mask in pixel level of the object
based on the first stage proposal.
12)RetinaNet [37]: The Facebook AI research team design
and train a simple detector called RetinaNet.It is a one-stage
object detector which use new loss function called Focal loss
instead of cross-entropy loss function. This new loss function
has significantly increased the accuracy. The results show that
when trained RetinaNet with the focal loss, we have one stage
object detector that is able to match the speed of previous onestage detectors and the accuracy of more complex two-stage
detectors.
VI.

Comparison

In this part we make a comparison between the different
detectors results in terms of both accuracy and speed
represented by mean average precision (mAP) and Frame Per
Second (FPS) respectively.
For this purpose, the results achieved by these detectors on
Pascal VOC 2007 and COCO datasets, was collected from
different papers of each model ([29], [30], [32], [35], [33],
[34], [37]) and we make them available in TABLE III and
TABLE IV. We also present in TABLE II a list of GPUs used
by each detector in its tests. Then, to analyze these results, we
plot them together to get a full picture of variation in
performance between the different detectors.
TABLE III show results on Pascal VOC 2007 The
comparison of these methods as shown in Fig. 5 We note
through the Fig. 5 an affinity at the accuracy level between
deferent methods with a slight superiority of R-FCN by 80.5%
mAP come after him YOLOv2 544 (544 for 544×544 input
size) by 78.6% mAP. On the other hand, we notice the large
difference in speed between the various methods. Tiny YOLO
outperformed all other methods in terms of speed by 155 FPS.
We also notice that YOLOv2 and SSD300 make a good
TABLE II. GPUS USED BY EACH MODEL
Detector
Fast R-CNN
Faster R-CNN
SSD
YOLO
YOLOv2
R-FCN
RetinaNet

GPU
Nvidia Tesla K40
Nvidia Tesla K40
Nvidia Titan X
Nvidia Titan X
Geforce GTX Titan X
Nvidia Tesla K40
Nvidia Tesla M40
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compromise between speed and accuracy.
For the last couple years, many results are exclusively
measured with the COCO object detection dataset. COCO
dataset is harder for object detection and usually detectors
achieve much lower mAP. TABLE IV show results on COCO
dataset the comparison of these methods as shown in Fig. 6.
We note through the Fig. 6 RetinaNet-100-800 achieved the
best result in accuracy by 37.8 mAP followed by Faster
RCNN-ResNet (use ResNet as backbone) wich achieved 34.9
mAP. YOLOv2 achieve the best performance in speed by 21.6
FPS.
Larger input size leads to better results in accuracy but it is
the opposite of speed. The possibility of run a detector at
different resolutions allowed an easy trade-off between speed

Method

mAP

FPS

Tiny YOLO
YOLO
YOLO v2 288
YOLO v2 544
Fast R-CNN
Faster R-CNN
SSD 300
SSD 512
R-FCN

52,7
63,4
69
78,6
70
73,2
74,3
76,8
80.5

155
45
91
40
0.5
7
58
23
6

TABLE III. PASCAL VOC 2007 DATADET RESULTS

Fig. 4. The relation between accuracy of detector (measured by mAP on
COCO) and accuracy of feature extractor (measured by top-1 accuracy on
ImageNet).

and accuracy. We would also like to emphasize here that the
choice of the feature extractors used to build our detector
impacts detection accuracy. To clarify this relation between
feature extractors performance and detection performance,
Jonathan et al. studied in their paper [38] the relation between
overall mAP of different Meta-Architectures of object
detectors (Faster R-CNN , R-FCN and SSD) and the Top-1
Imagenet classification accuracy attained by the pre-trained
feature extractor (VGG-16, MobileNet, Inception v2, ResNet101, Inception v3, inception ResNet v2) used in each MetaArchitecture. The results is shown in Fig. 4 [38].
Fig. 4 indicates that the feature extractor classification
accuracy has a significant influence on Faster R-CNN and RFCN, while the performance of SSD is less influenced by its

Method

mAP

FPS

YOLOv2
SSD321
R-FCN
SSD513
RetinaNet-50-500
RetinaNet-100-800
Faster RCNN
Faster RCNN(ResNet)

21,6
28
29,9
31,2
32,5
37,8
21,9
34,9

40
16
12
8
14
5
/
/

fea
ture extractor classification accuracy. Also, SSD unable to
take advantage of the power of a better feature extractor like
ResNet and Inception unlike to Faster R-CNN and R-FCN, but,
at the same time, is not much affected by using cheaper
feature extractors.

v. Conclusion
In this paper we presented an overview of object detection
methods based on deep learning. We started by a brief history
of Convolutional Neural Networks and reviewed most
important object detection method that used CNN architecture.
We selected most used state of the art methods to compare
them on their performances. Choice of a right object detection
method is crucial and depends on the problem you are trying
to solve and the set-up. Object Detection is the backbone of
many practical applications of computer vision such as

DATADET RESULTS
TABLE of
IV.results
COCOachieved
Fig. 5. Comparison
in PASCAL VOC 2007

Fig. 6. Comparison of results achieved in COCO
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autonomous cars, security and surveillance, and many
industrial applications. Hopefully, this post gave you an
intuition and understanding behind each of the popular
algorithms for object detection.
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Abstract— Image segmentation is rapidly applied in the
field of image processing. Fuzzy c-means (FCM) clustering is
one of the popular clustering algorithms for medical image
segmentation. However, FCM sensitive to the noise and, falling
into local optimal solution easily, because of the random
initialization of the cluster centers. To solve these problems, we
proposed a hybrid method, named MFBAFCM (modified
fuzzy Bat algorithm for FCM) uses the MFBA to get the initial
cluster centers of FCM by using a new fitness function which
combines fuzzy cluster validity indices with intra cluster
distance. The MFBAFCM was evaluated on several MRI brain
images corrupted by different levels of noise and intensity nonuniformity. Experiment results show that the proposed method
has improves segmentation results and gives better result than
the standard FCM.

implementation, no threshold set, and practicality, but at the
same time it has several disadvantages such as vulnerability
to initialization sensitivity, getting stuck in the local minima
and low convergence rate [8][9][10].To overcome the
shortcomings of the standard FCM, many works using bioinspired techniques were proposed such as: Artificial Bees
Colony Algorithm (ABC) [11] Genetic Algorithm
(GA)[12], ant colony optimization (ACO) [13], Particle
Swarm Optimization (PSO)[14], Firefly Algorithms(FA)
[15].
In this paper the segmentation is done by using and
modifying the standard bat algorithm, which developed by
Xin-She Yang in 2010 [16], [17]. The main characteristics
in the BA are based on the echolocation behavior of
microbats. As BA uses frequency tuning, it is in fact the
first algorithm of its kind in the context of optimization and
computational intelligence. First we defined the fuzzy Bat
algorithm FBA to initialize the cluster centers of FCM
algorithm, then we proposed a modified fuzzy Bat algorithm
MFBA to improve the convergence speed and quality of the
solution. The hybrid methods generally use the objective
function of FCM given in Eq. (1) as a fitness function of
PSO algorithm. Therefore, in our method, we present a new
fitness function which combines fuzzy cluster validity
indices with intra cluster distance.

Keywords—MRI segmentation, FCM, Bat algorithm, hybrid
method.

I.

Introduction

Image segmentation which goal is to divide an image
into regions that are homogeneous with respect to one or
more characteristics [1]. It is a hotspot and difficulty in
medical image technology field and it has been useful in
many applications, such as: detection of tumors, surgical
planning, heart image extraction from cardiac cine
angiograms, etc [2][3]. It plays a vital role in numerous
biomedical-imaging applications such as the quantification
of tissue volumes, diagnosis and computer integrated
surgery [4][5].

The remaining part of the paper is organized as follows.
Section II, the standard FCM algorithm is presented with the
cluster validity indices and intra cluster distance used to
evaluate the quality of clustering. The basic bat algorithm ,
the fuzzy bat algorithm (FBA) and a modified bat algorithm
(MFBA) are presented in section III . The proposed
algorithm is described in Section IV. The experimental

One of the most widely used algorithms in the area of
image segmentation [6][7] is the fuzzy c-means (FCM).
FCM is the mainstream algorithm in fuzzy clustering
method. It has advantages of unsupervised, simple
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results is discussed in section V and section VI is the
conclusion.
II.

FCM algorithm and cluster
validity indices

N

c

Calculate zj by Eq. (4)

6.

Calculate the objective function by Eq. (1)

7.

ifthen

8.
9.

A. Fuzzy c-means algorithm
The Fuzzy C Means (FCM) clustering algorithm was
proposed by Dunn [9] and improved by Bezdek [10]. This
method is mainly used for pattern recognition. The basic
FCM algorithm can divide the image data into several
partition c (2 ≤ c ≤ N). It is done by minimizing the cost
function. The FCM algorithm assigns pixels x= {x1,,,,,xN}to
each category by using fuzzy memberships. The algorithm
is an iterative optimization that minimizes the cost function
defined as follows [18]:

J = u jim x i  z j

5.

10.

break
end if
end for

B. Cluster validity Indices
The cluster validity indices is necessary to evaluate the
quality of the partitions resulted by FCM algorithm, we
describe four indices, which are presented as follows:
1) Partition coefficient (PC): measures the amount of
"overlapping" between clusters. It is defined by Bezdek [20]
as follows:

2

N



i=1 j=1

PC 

c

 u 
i 1 j 1

PC index has maximum value while the cluster partition is
the optimal.

N

 i ò1..N , j ò1..c u ji = 1; 0  u ji  1; u ji > 0
j=1

i=1

2) Classification Entropy (CE): it measures the fuzziness
of the cluster partition only [21].


Where uji is the membership of pixel xi in the j-th cluster, zj
is the j-th cluster center, ǁ.ǁ is a norm metric, and m (m>1) is
a constant. The parameter m controls the fuzziness of the
resulting partition. The membership functions and cluster
centers are updated by Eq. (3) and Eq. (4) respectively.
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A lower value of SC indicates a better partition.
3) Separation Index (S): the separation index uses a
minimum-distance separation for partition validity [22].
c

Input c, m, itermax and the termination
criteria.
Randomly initialize cluster centers zj.



3) Partition Index (SC): It is a sum of individual cluster
validity measures normalized through division by the fuzzy
cardinality of each cluster [22].

Algorithm 1.the standard FCM algorithm

2.



N

N

Starting with an initial guess for each cluster center, the
FCM converges to a solution for zj representing the local
minimum or a saddle point of the cost function.
Convergence can be detected by comparing the changes in
the membership function or the cluster center at two
successive iteration steps [19].The steps of the FCM
algorithm are as follows:
1.

i 1 j 1

1

m
ji

c

 u ji log u ji

The best clustering is achieved when the value CE is
minimal.

-1








N

with the following constraints:
c

2

ji

S 

N

 u 

m

2

xi z

j

N min j , k z k  z

j

j 1 i 1

ji

2

A lower value of S indicates a better partition.

Update uij by Eq. (3)

III.
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Bat Algorithm



A. Standard bat algorithm
Bat algorithm (BA) is a heuristic algorithm proposed by
Yang in 2010. It is based on the echolocation capability of
micro bats guiding them on their foraging behavior, the used
idealized rules in BA are [16]:

⋯ U 1N 
⋱
⋮ 
 U cN 

U 11
X   ⋮
U c 1



 The velocity V also represented by matrix c rows
and N columns.

 All bats use echolocation to sense distance and the
location of a bat xi is encoded as a solution to an
optimization problem.

 fi, fmin, fmax, A, r, represented by real numbers.
Because of this change, the rules of updating the
position, velocities and generating new local solution
will be:

 Bats fly randomly with velocity vi at position xi with
a varying wavelength  and loudness A or a varying
frequency (from fmin to fmax) to search for prey.



 Loudness varies from a large positive value A0 to a
minimum constant value Amin.



For each bat, its position xi and velocity vi in a ddimensional search space should be defined. xi and vi should
be subsequently updated during the iterations. The rules for
updating the position and velocities of a virtual bat are given
as in [17].
fi = fminβ (fmax fmin)



v it  v it 1   x it  x *  f i



x it  x it 1  v it



Where the symbols ⊕ and denote the addition and
subtraction between matrices respectively, the symbol ⊗
denote a multiplication between a matrix and a real number.
After updating the position matrix X and generating new
local solution by Eqs. (17-18), the constraints given in Eq.
(2) may violated. Therefore, it is necessary to normalize the
position matrix X [23] by:
 Change all negative elements in matrix X to zero.
 If matrix X become a null,it must Re-evaluated by
following this transformation without violating the
constraints [23]:

Where β indicates a randomly generated value, x∗ is the
current global best location (solution). A new solution for
each bat is generated locally using random walk given by
Eq. (12)


t

X

Where is a randomly generated value ranging from -1 to
1, while tis the average loudness of all the bats at this time
step. In addition, the loudness and pulse emission rates can
be varied during the iterations:
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C. A modified Fuzzy bat algorithm
In this paper, we propose a modified Fuzzy bat
algorithm MFBA to avoid falling into local solution and to
improve the quality of the solution, we do that by replacing
each bat its fitness value does not change 4 times
sequentially by new random solution, in MFBA each bat
have:




Where 0 << 1 and > 0 are constants. As t→∞, we
have →0 and →.Rank the bats and find the current best x∗
B. Fuzzy bat algorithm
The standard BA needs some changes to be able to solve
fuzzy clustering problem. In this sub-section, we present the
FBA (fuzzy bat algorithm):
 The position of bat X, represented by matrix c rows
and N columns and it is similar to the membership
matrix U



Xi (c × N matrix) represent the position of the bat



Vi (c × N matrix) represent the velocity of the bat



fi, Ai, ri represent the frequency, loudness, emission
rate respectively



repi parameter to save how many time the fitness
value repeated, the steps of the MFBA are as
follows:

Algorithm 2. MFBA

1.
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Define the objective function F(x)

2.

Initialize bat population Xi and velocity Vi,
i(1…….Np), Np is number of bats

3.

Initialize pulse rates ri and loudness Ai

4.

repeat

5.

Adjust frequency by Eq. (9)

7.

Update velocity by Eq. (16)

8.

Update locations/solutions by Eq. (17)

9.

if (rand >ri) then

10.

Select a solution among best solutions
Generate a local solution y around the
selected best solution by Eq. (18)

11.

end if

12.

if (rand < Ai and F(y) < F(xi))then

13.

Accept the solution , xi ← y

14.

Decrease Ai, increase ri ,by Eqs.
(13,14)

15.

end for

17.

ifthen

18.

if repi = 4 then

22.

end if

24.

Rank the bats and find the current best X*

25.

until termination criteria is met.
IV.



Input c, m, itermax, Np, fmax, fmin

3.

Initialize bat population Xi, velocity Vi pulse rates
ri, and loudness Ai
repeat
for i←1 to Np do

6.

Adjust frequency by Eq. (9)

7.

Update velocity by Eq. (16)

8.

Update locations/solutions by Eq. (17)

9.

if (rand > ri) then

A. Fitness function
Fitness function is a particular type of objective function
that is used to determine how close a given solution is to
achieving the set aims. We propose a new fitness function
defined as follows:

Select a solution among best solutions
Generate a local solution y around the
selected best solution by Eq. (18)

11.

end if

12.

if (rand < Ai and F(y) <F(xi)) then

13.

Accept the solution , xi ←y

14.

Decrease Ai, increase ri ,by Eqs.
(13,14)

15.

Proposed method

intra _ cluster  SC
Fitness 
PC

i 1 j 1

2.

10.

Replacing Xi by new solutions randomly

23.

2

input: original image

5.

repi ← 0
21.

xi z j

1.

4.

else
end if

c

/////////////// Step 1: MFBA ///////////////

repi,←repi+1

20.

N



Algorithm 3. MFBAFCM

end if

16.

1
N

B. Modified bat Algorithm for Fuzzy c-Means Clustering
The aim of the study is to develop a hybrid method in
order to improve the segmentation process of the MRI
images and treat the drawbacks of the traditional FCM using
the MFBA to minimize the new fitness function given in
Eq. (20) to get the initial cluster centers. After that, these
centers are used as the initial seed of the standard FCM.
Note that fitness is minimized when the value of (intra_
cluster + SC) should be low and the value of PC should be
high.The steps of the MFBAFCM algorithm are as follows:

for i←1 to Np do

6.

19.

Intra _ cluster 

end if

16.

end for

17.

ifthen

18.
19.

repi,←repi+1
else
repi,← 0



Where SC is the partition Index given in Eq. (7), PC is
the partition coefficient given in Eq. (5) and the intra cluster
[24] is calculated using the equation given below:

20.

end if

21.

if repi = 4 then

22.
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Replacing Xi by new solutions randomly

23.

end if

24.

Rank the bats and find the current best X*

25.

until termination criteria is met.
///////////////Step 2: FCM///////////////

26.

Get zj from X*

27.

for t←1 to itermax do

20%

28.

Update uij by Eq. (3)

29.

Calculate zj by Eq. (4)

30.

Calculate the objective function by Eq. (1)

40%

ifthen
31.

break

32.

end for

34.

Use U to reshape new image

35.

output: segmented image

0%

Experimental results

The experiments are based on the computer with Intel
Core i3, 4GB RAM, and were performed in Matlab 2016a
compiler. We compare the standard FCM algorithm with
our proposed algorithms FBAFCM and MFBAFCM on a 70
simulated MRI brain images from 55th to 120th,
downloaded from Brainweb [25]. the testing images
(181x217 pixels) are from T1 modality, corrupted by
different levels of white Gaussian noise (0%, 3%, 5%) and
intensity non-uniformity (RF)(0%, 20%, 40%).The study
was performed using the following parameters: The number
of cluster c is equal to 4: background, gray matter (GM),
white matter (WM), cerebrospinal fluid (CSF), m =2,
itermax =100, ε=10-6 , fmin=1, fmax=4, Np=20, 1<Ai< 2 ,
0<ri<1.

20%

40%

0%

0.953209

CE

0.239087

0.150049

0.12887

SC

0.551966

0.466733

0.415632

S

0.000020

0.000017

0.000015

PC

0.852002

0.928762

0.950032

CE

0.254832

0.129866

0.092081

SC

0.629433

0.53774

0.475731

S

0.000021

0.000018

0.000016

RESULTS OF FCM, FBAFCM AND MFBAFCM ON 5% NOISE

5%

index

FBAFCM

FBAFCM

MFBAFCM

PC

0.842002

0.912376

0.947439

CE

0.274532

0.113966

0.092081

SC

0.605823

0.503575

0.466051

S

0.000019

0.000017

0.000016

PC

0.876784

0.945682

0.979039

CE

0.260878

0.102988

0.082531

SC

0.580298

0.474955

0.431180

S

0.000020

0.000017

0.000015

PC

0.870561

0.928644

0.959985

CE

0.259745

0.154381

0.119201

SC

0.605467

0.527844

0.458872

S

0.000022

0.000018

0.000017

Fig.1 present a comparison of segmentation results on
simulated MRI brain images with different Gaussian noise
levels (0%, 3%, 5%) respectively, as shown in Fig.1
(a)(e)(i) . The segmentation results obtained by FCM, are
shown in Figs. 1(b)(f)(j).Figs.1(c)(g)(k) show the segmented
images provided by FBAFCM., Figs.1(d)(h)(i) show the
segmented images provided by MFBAFCM. The
MFBAFCM algorithm achieves a good segmentation effect
and provides more detail than FBAFCM algorithm, and the
FBAFCM algorithm provides more detail than FCM
algorithm.

The results of FCM, FBAFCM and MFBAFCM on T1
are given in terms of mean values of four indices PC, CE,
SC, S respectively given in Eq. (5), Eq. (6), Eq.(7) and Eq.
(8). Results after 20 independent runs of simulation are
listed in Table 1, Table 2.The best values are shown in bold.
It can be seen in these tables that the PC values of
MFBAFCM are larger than FBAFCM and FCM in different
levels of noise and RF, meanwhile, the CE, SC and S values
of the MFBAFCM algorithm are smallest than FBAFCM
algorithm and the FBAFCM algorithm are smaller than
FCM algorithm, indicating that the proposed algorithm
MFBAFCM is capable of generating more compact and
well-separated clusters.

RF

0.923371

Noise

RF

33.

TABLE I.

0.873017

TABLE II.

end if

V.

PC

Fig. 1. Segmentation results on (RF=20%).

RESULTS OF FCM, FBAFCM AND MFBAFCM ON 3% NOISE

Noise

3%

index

FBAFCM

FBAFCM

MFBAFCM

PC

0.869886

0.931852

0.959372

CE

0.257768

0.114628

0.081357

SC

0.552025

0.467455

0.442906

S

0.000018

0.000015

0.000014

(a)
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(b)

(c)

(d)

VI.

(e)

(f)

(g)

Conclusion

In this paper we have proposed a modified fuzzy bat
algorithm MFBA and used it's result to improve the
initialization step of the FCM algorithm by using new
fitness function combined fuzzy cluster validity indices with
intra cluster distance. Experiment results show that the
proposed algorithm MFBAFCM can segment MR images
more accurately, and it outperforms the conventional FCM
algorithm in term of the quality of solution. Our future work
will focus on finding a better fitness function to make
MFBAFCM more efficient against noise .
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Abstract— The compression of image using analyzing
techniques give us q high quality in the reconstructed image
however in the case of transmission produce a sensitive (to the
channel noise) image .In this paper we are going to use
combination between error detection , source and channel
coding with unequal distribution in the code rate our approach
shows a high efficiency and optimization in the use of the code
rate using Swarm Intelligence (SI) (minimization in the
redundant bits) compared to other approaches.
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II. IMAGES PROGRESSIVE TRANSMISSION
Let's start by introducing some definitions relating to
the images progressive transmission [2] [3]. A bit frame at
the image encoder output is said to be progressive if it can
be decoded at different compression ratios, resulting in an
improvement in the obtained image quality, as bits are
added additionally. (Fig. 1) illustrates the concept of
progressivity by showing a series of decoded images from
the same bit frame at increasing rates ranging from 0.01 bpp
to 0.2 bpp. It is obvious that higher is the bit rate, better is
the visual quality of the rendered image.
In what follows, we will develop more explicitly the
progressivity aspect in an image transmission [1] [4] [5]. To
do this, let us begin by reminding ourselves that the main
objective of a progressive transmission scheme is to transmit
first the information generating the greatest reduction in
distortion. L et us note the pixels set of the original image
where i and j denote the pixel coordinates, and the used
transformation. The transformed image is: Y=τ(X)
The matrix Y has the same dimensions as the matrix X
representing the source image. Each element is called
coefficient of the transform at coordinates (i, j). The coding
algorithm applies directly to the transformed image Y.

Keywords—CRC code, SPIHT, RS code, UEP , SI , BSC

I. INTRODUCTION
The specific choice of transformation type,
quantization and entropy coding leads to a wide coder’s
variety. Numerous compression schemes have been
proposed and standardized: for example, conventional
compression algorithms, more sophisticated methods have
been defined. Thus, in the DWT case, several compression
algorithms have been developed such as "Set Partitioning In
Hierarchical Trees" (SPIHT) [1], this algorithm makes it
possible to progressively transmit images. We will, in what
follows, present the principle of this progressive
transmission.
We will then propose the unequal protection application
of the bit stream with Optimization of the bit rate allocation
between source coding and channel coding. Two
optimization criteria will be presented: Quadratic Mean Error
(MSE), peak signal-to-noise ratio (PSNR). The developed
optimization method will be applied to the SPIHT encoder
for source image compression.
The use of optimization techniques takes lot of attention
in many applications to solve research problems. In case of
transmission using channel coding techniques there is no
guarantee that makes us sure about the selected parameters if
they are adaptive to the channel noise, which make us
confused about the technique that can be used to select the
parameters. The use of RS code need to determine the code
rate value according to the channel conditions with minimum
redundancy bits. To achieve this aim we are going to use
Swarm Intelligence (SI) Optimization Algorithm to define
the input parameter of the RS code with specific conditions
to find the global optimum code rate.

CR=0.01 bpp.
PSNR = 22.45 dB

CR=0.1 bpp.
PSNR = 29.99 dB
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CR= 0.02 bpp
PSNR = 24.37 dB

CR= 0.2 bpp
PSNR = 32.96 dB

lists, significant coefficients (LSP), insignificant coefficients
(LIP) and insignificant sets (LIS). With a significance
threshold divided by two at each iterations, and whose initial
value is transmitted to the decoder, the algorithm proceeds
as follows [9].

Fig. 1. Illustration the concept of progressivity coding of the (Lena)
512 × 512 image using SPIHT algorithm.

In the progressive transmission case, the decoder
starts by initializing the reconstruction matrix to zero. Then,
it updates the matrix components according to the decoded
message. As it determines the values (exact or approximate)
of certain coefficients, the decoder is able to obtain a
reconstructed image:
̂

( ̂)

Using the mean squared error (MSE) as a distortion
measurement, we have
(

̂)

‖

̂‖

∑ ∑(

̂ )
Fig. 2. Tree structure of wavelet coefficients in the case of SPIHT

where N is the pixels number in the image. Assuming that
the transformation preserves the Euclidean distance, we can
write:
(

̂)

(

̂)

∑ ∑(

Direct threads are added to the LIP or LSP according to
their significance. If at least one element of all other
descendants is significant, this set is separated into four
insignificant sets added to the LIS. Processing the
coefficients in groups of four allows efficient entropy
coding thereafter. As in EZW, the refinement pass consists
of progressively coding the least significant bits of the
significant coefficients.

̂ )

Thus, the exact restitution of a transform coefficient leads to
|

|

the MSE reduction of
. As a result, in a progressive
transmission scheme, the higher amplitude coefficients must
be transmitted first because they generate the greatest
decreases in distortion. In the same spirit, the contained
information in the amplitude

A. Performance RS code

yi , j of a coefficient can be

distributed between the different bits constituting the binary

yi , j representation of and varies according to the nature of
these bits. Indeed, the most significant bits (MSBs) provide
more information on the coefficient value than the other
bits. They must therefore be transmitted first.
III. SPIHT ALGORITHM
The SPIHT algorithm [1] takes the principles
mentioned in EZW [2] while proposing to recursively
partition the coefficient trees (Fig. 2). Thus, where EZW
coded an isolated insignificant coefficient ('Z')[6], SPIHT
performs a recursive partitioning of the tree in order to
determine the significant coefficients position in the
progeny of the considered coefficient. The significant
coefficients are coded in a similar way to EZW: their sign is
sent as soon as they are identified as significant and they are
added to the coefficients list to be refined. This algorithm
also works by bit planes [7]. It offers remarkable
performances, reaching those of EZW without entropy
coding. Adding entropy coding of the significance
information, an additional gain between 0.3 and 0.6 dB is
obtained. The bits sent during the significance pass
correspond to the program executed at the encoder during
the execution of the classification algorithm into significant
and insignificant coefficients. By following the same
program, the decoder remains synchronous with the
decisions of the encoder and finds the same classification
[8]. This algorithm is based on the management of three

Fig. 3. error Bit rate in function of error probability.

The different encoder performance is represented: the bit
error rate as a function of the channel error probability, in
Fig.3.
IV. PROTECTION OF SPIHT ENCODED IMAGES BY REED
SOLOMON CODE (RS)
A. Choice of coding performance and results on a BSC
In what follows, we will discuss the problem of
adjusting the channel coding efficiency for a given
transmission channel error probability. For this, we consider
a set of Code Rates obtained for EEP and UEP protection:
{0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9}. The manual UEP
protection system is tested with RS on "Lena" and
"Goldhill" images of size 512x512. A Symmetric Binary
Channel (BSC) with two BERs:
, and
is
considered. The selection of the reed solomon (RS) code to
be applied for each BER of the channel is done
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experimentally. Indeed, the code (RS) is applied to obtain
the highest efficiency, a global bit rate (including source
coding and channel coding) of 0.25 to show the (RS) used.
In Fig. 5 and Fig. 6 we provided some results of
decoded images with EEP and UEP protection, in order to
illustrate the improvement brought by the application of RS
at the visual quality level of the images transmitted on a
Symmetric binary error rate channel 10-2, or 10-3 .

delivered by a nested source encoder, coding an HS number
of source symbols. It is assumed that the channel coding
strategy is done in two steps: error-detection coding
followed by error-correcting coding. The role of error
detection is to interrupt the decoding of the first detected
error and therefore to reject the bits that can contribute to
the propagation of errors.
We suppose that we have a set:
{ (

)

(

)

(

)}

Of errors correction codes. The compressed bit frame is
formatted into packets of variable length. Each packet of
length Kcl bits is encoded by a code
to generate a
coded packet of length Ncl bits. We introduce, for each
, the following ratios, expressed in bits per symbol of
the source:

Original image (Lena)

SPIHT
TEB=0, PSNR=34.1186dB

At the receiver, the decoding is stopped at the first
detected erroneous packet, since the following packets are
generally unable to improve the quality of the decoded
picture.
∑

( )

(6)

The constraint flow can therefore be expressed by
inequality:
V. OPTIMIZATION CRITERIA
Several performance measures can be adopted to
characterize the performance of a given code allocation
policy, and thus serve as criteria to be optimized.
Among these distortion measurements between the
original image and the decoded image, there are:
. Quadratic Mean Error (MSE).
. The PSNR.
The bits number correctly decoded and used for the image
reconstruction, or else the Useful Reconstruction Rate,
which will be designated by DUR (criterion valid in the case
of a nested source coding).We give:
∑
( )
(7)
Describing the useful bit rate of image reconstruction when
the (i + 1) th packet is detected false.
We will, in what follows, give, for a policy:

SPIHT+RS (UEP)
SPIHT+RS (EEP)
-3
TEB=10-3, PSNR=33.32dB TEB=10 , PSNR=33.97dB

SPIHT+RS (EEP)
TEB=10-2, PSNR=31.34 dB

SPIHT+RS (UEP)
TEB=10-2, PSNR=32.25dB

Fig. 4. Recivied image (Lena) with EEP and UEP protection
transmited in BSC channel (CR = 0.25 bpp).

{ (

)

(

)

}

Given the respective means (mathematical expectations) of
the MSE, noted (̅̅̅̅̅̅̅̅, of the PSNR, noted ̅̅̅̅̅̅̅̅̅ and the
Useful Rate of Reconstruction, noted ̅̅̅̅̅̅̅̅:

B. Joint optimization of bit rate allocation between source
coding and channel coding
This first study allowed us to highlight the efficiency
of a channel coding scheme, using the reed solomon (RS)
code, for the protection of SPIHT coded images transmitted
over a symmetric binary channel. In what follows, we will
study in more detail the problem of joint optimization of the
rate allocation between a nested source encoder and any
channel encoder.

̅̅̅̅̅̅̅̅

(
(

)
)]

(

)

(
)]
̅̅̅̅̅̅̅̅

C. Coding and transmission process
We are interested in encoding and transmitting, on a
noisy channel without a given memory, a bit frame

(

∑

)]

(

) (

)∏

[
(8)

̅̅̅̅̅̅̅̅̅
∑

(

)∏

) (

[
(9)

∑

(

)∏

[
(10)

MSE (r) designates the function representing (in the
absence of noise) the Mean Square Error (MSE) as a
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function of the rate r (in bpp) for the encoder of source used
and in the case of the image to be transmitted.
(

In the case of the EEP protection, one must find the code
of yield
which minimizes the expression
(12) by ensuring a transmission of maximum information
with the minimum of error.
But in the case of the UEP protection, it is necessary to
determine for each packet the efficiency
of

)

is the probability of an error at least at the ith
packet (using the code ) as a function of the probability Pb
(probability of error per bit).
In the case of equal error protection EEP:
is constant. So it can be written:
(̅̅̅̅̅̅̅̅

∑

(

)[

the encoder correctors
(
) which minimizes the
expression (8) by ensuring a maximum information
transmission with the minimum of error.

]

The code
codes:

Therefore, it is necessary to determine the code (channel
coding) which minimizes the distortion by ensuring a
maximum information transmission with the minimum of
error.
is characterized by the probabilities:
Pb: Probability of error per bit characterizing the channel.
And
: Probability of error per packet, for the code
and for the probability Pb. One notes that a packet is
considered erroneous if one detects at least one error in the
packet.
These three performance measures lead to the following
three optimization problems:
Problem I: minimization of the average MSE:
̅̅̅̅̅̅̅̅under the constraint
Problem II : maximization of average PSNR
̅̅̅̅̅̅̅̅̅under the constraint
Problem III : maximizing the useful average of
reconstruction:
̅̅̅̅̅̅̅̅ under the constraint
It is noted that the performance measures used in Problems I
and II (MSE and PSNR) are more representative of the
quality of the reconstructed image than that used in Problem
III. Nevertheless, the advantage of the latter is that it does
not use functions characterizing the performance of the
source code in the case of the image in question (MSE (r) or
PSNR (r) functions). Therefore, it is not necessary to
transmit to the receiver the code allocation policy that has
been encoder level. We will, in the following, consider the
problem 1.

(

) is chosen from L error correcting

{ (
) (
)
(
)}
So we have ML possible combination of Code Rates, with P
is the number of turbochargers different yield and M is the
number of packets to transmit.
In our simulation, we adopted a simple optimization method,
consists in finding in the EEP protection for the set of
packets (TABLE 1) With Ɛ = 10-2.
TABLE I.

OPTIMIZATION (RS) CODE STEPS BY THE SWARM
OF EEP PROTECTION

INTELLIGENCE (SI)

steps

Step 1: Select Performance R.
Step 2: Extract the RS (M, t) code input
parameters according to the R output.
Step 3: Apply the RS code (M, t) parameters on
the set of packets.
Step 4: Inject the Channel noise on the set of
packets.
Step 5: Correct the erroneous bits.
Step 6: If (MSE of the reconstructed image - MSE
of the received image) ≤ Ɛ. with min redundancy
bits
End
Step 7: If not go to step 1.

For UEP protection by protecting more important packets
for image reconstruction. (TABLE 2) With Ɛ = 10-2
This algorithm is more efficient than those used in the
literature. And its main advantage is its speed and rapid
convergence.

VI. DETERMINATION OF OPTIMAL SOLUTIONS
In our case it is assumed that the length of the
packets at the output of the channel coder is fixed:
. But the data packets to be coded
are of variable length so the number of redundancy bits in
each packet is variable. Therefore, to specify the number of
source bits
is equivalent to specifying the number of
redundancy bits
in the ith packet.

TABLE II.
OPTIMIZATION (RS) CODE STEPS BY THE UEP
PROTECTION SWARM INTELLIGENCE (SI)
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For each BER of the channel, the optimal code
allocation policies according to the minimization criteria of
the average MSE (Problem I), are determined by the source
coder considered: SPIHT. This problem has been chosen for
its effectiveness in optimizing the proposed system.
For BER = 0.001
PSNRrec: reconstructed PSNR
PSNRreç: PSNR received

Step 1: Select the Ri Code Rates.
Step 2: Extract the encoder input parameters
RS (Mi, ti) for each output Ri.
Step 3: Apply RS encoder parameters (Mi, ti) on
each packet.
Step 4: Inject the Channel noise on each packet
to transmit.
Step 5: Correct the erroneous bits.
Step 6: Group the packages
Step 7: rebuild the received image.
Step 8: If (MSE of the reconstructed image MSE of the received image) ≤ Ɛ. with min
redundancy bits
End
Step 9: If not go to step 1.

steps

TABLE III. VERSUS BER OF A BSC CHANNEL FOR BOTH LENA
AND GOLDHILL IMAGES (512 × 512) FOR BER = 0.001.
BER of channel 0.001
Total CR
(0.25 bpp)
PSNRrec

lena image
Godhill
image
Redundancy
bits
For image
lena
Redundancy
bits
For image
Godhill

A. Application to solomon reed
The flow allocation optimization method presented
above is applied to the image transmission system of Fig. 7.
The Lena image is taken as a test image. The transmission is
done on a symmetrical binary bit error rate channel varying
from 10-3, 10-2 and 10-1. For each BER of the channel,
optimization is performed for a rate value: CR = 0.25 bpp.
{dk}
Original
Image

SPIHT
encoder

CRC
encoder

04 packets

{yk}
(RS)
encoder

Code Rates

PSNRreç

34.1186

0.8

0.9

0.9

0.9

34.1038

30.5609

0.7

0.7

0.8

0.8

30.5506

5353

13625

TABLE IV.
VERSUS BER OF A BSC CHANNEL FOR BOTH
LENA AND GOLDHILL IMAGES (512 × 512) FOR BER = 0.01.

Ri
Source encoder
bitrate-distortion
performance

Reconstr
-ucted
Image

SPIHT
Decoder

Rate Allocation

Ri

Performance
evaluation of the
channel encoder

BER of channel 0.01

04 paquets

Total CR
(0.25 bpp)

Code Rates

PSNRrec

{yk’}

{dk’}
CRC
Decoder

(RS)
Decoder

lena image
Godhill
image
Redundancy
bits
For image
lena

Channel

Fig. 7. Applied to the image transmission system

The resulting data is transmitted on a channel
without memory. At the receiver, the RS is decoded. The
use of these codes makes it possible to have very high
coding efficiencies giving rise to a better spectral efficiency
of the system. However, for the choice of coding
efficiencies, it is often necessary to use Swarm for the
automatic selection. For this, we consider a set of 08
different yield codes: {0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9}.
These codes are derived from an RS. All results are based
on a packet length of 16386 bits at the output of the channel
encoder.

Redundancy
bits
For image
Godhill

PSNRreç

34.1186

0.3

0.4

0.5

0.7

32.1824

30.5609

0.3

0.6

0.6

0.7

29.6469

29557

28707

TABLE V. VERSUS BER OF A BSC CHANNEL FOR BOTH LENA AND
GOLDHILL IMAGES (512 × 512) FOR BER = 0.1.

253

BER of channel 0.1

Code Rates

PSNRrec

lena image
Godhill
image
Redundancy
bits
For image
lena
Redundancy
bits
For image
Godhill

block and to reconstruct the image from the blocks that are
supposed to be correct.
We considered a transmission on a BSC channel two
optimization criteria were presented: Quadratic Mean Error
(MSE), peak signal-to-noise ratio (PSNR). The optimization
method developed will be applied to the SPIHT encoder for
compression of the source image. Our simulations have
shown that, in the context of coding and transmission
considered, the optimal performances obtained with the
SPIHT coder are very close. We also noted that the criterion
of MSE optimization is the most relevant criterion, as it
ensures a better minimum quality of the decoded image at
the expense of a slight degradation of the decoded PSNR in
the first time with errors absence. Finally, the gain provided
by the application of unequal protection (compared to
uniform protection) depends both on the source encoder
used and the error correction codes considered .

04 paquets

Total CR
(0.25 bpp)

PSNRreç

34.1186

0.2

0.2

0.2

0.3

27.8189

30.5609

0.2

0.2

0.2

0.2

26.6171

50241

24352

We have shown in Table 6 the respective variations of the
optimal PSNR. The coding system performance introduced
by [10], [11] and [12] is presented.
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TABLE VI. PSNR VERSUS BER OF A BSC CHANNEL FOR THE LENA
512 × 512 IMAGE USING THE SPIHT ENCODER
BER of channel 0.01
Total CR (0.25 bpp)

Sachs et al.
(mother rate 1/2)
[10]
Thomos et al.
“TCS-UEP”
[11]
Thomos et al.
“TCSD-UEP”
[11]
Usama Sayed et
Safwat M “UEP”
[12]
Système proposé

Code Rate

PSNR

0.30

27.90

0.33

28.64

0.33

28.73

0.29

30.32

0.47

32.1824
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Tables.III. IV. V and.VI show, in fact, that the proposed
algorithm often allows to find an optimal solution of the
problem I.
It is obvious that the performances obtained by applying the
UEP protection are better than those obtained by applying
the EEP protection.
VII. CONCLUSION
In this paper, we considered the rate allocation optimization
the between a nested source encoder and a channel encoder,
for a transmission of still images through a BSC channel.
We retained the reed solomon (RS) code for data protection
because they offer the best performance, in error correction
terms, on a binary output channel. We have proposed the
unequal protection optimization by different RSs, of the
progressive bit stream delivered by the source code. An
error detection provided by the CRC codec makes it
possible to stop the decoding at the first detected erroneous
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Abstract—The computer aided medical diagnosis systems can
use a great number of very important medical data in order to
help doctors in detecting different pathologies. We assume that
the grater data we have, the more we facilitate and ameliorate the
quality of classification. However, the classification quality does
not directly depend on the size of the available database but it
rather depends on its pertinence. For this, the purpose of this
paper is to two different problems. The first one is the selection of
the pertinent descriptors that help causing diabetes using a
Random Forest feature selection approach. The second is the
combination of several different machines learning algorithms
(Support Vector Machine (SVM), K-Nearest Neighbor (KNN),
the Multilayer Perceptron (MLP) and two Decision tree based
classifiers (Classification And Regression Tree (CART), and
Random Forests) in order to classify type 2 diabetic patients. We
used also a majority voting method between the proposed five
classifiers. In our paper, we selected an experimental database
composed of 625 patients, each of whom being represented by 31
descriptors. These patients were selected in various private
clinics and hospitals in western Algeria.
Keywords—Diabetes Type2; Feature Selection Method;
Database, Support Vector Machine; Random Forest; Classification
And Regression Tree; K-Nearest Neighbor; Multilayer Perceptron;
Majority Voting System.

I.

INTRODUCTION

Diabetes is a chronic disease that cannot be completely
cured, but can only be controlled. It represents a group of
metabolic disease in which the patients has high blood
glucose, either because insulin production is inadequate, or
because the body’s cells do not respond properly to insulin or
both.
It is spreading very fast nowadays. In 2013 it was
estimated that over 382 million people through the word had
diabetes according to the International Diabetes Federation
(IDF). [1]
The insulin is produce by the pancreas. It allows glucose to
penetrate into the cells of the body so that it is used as a source
of energy. For a non-diabetic person, the insulin plays it role

and the cells have the beneficiate from the energy that they
need for functioning. When the body lacks insulin or when
this latter cannot play its role, as it is the case in diabetes the
glucose cannot act as a fuel for the cells, and so it accumulates
in the blood and causes hyperglycemia.
Diabetes is classified among the most emergent illnesses
and is spreading at very high speed. Its severeness lies in its
bat effects non many organs of the body: the eyes, the kidneys,
the blood vessels, the brain vessels…etc.
Diabetes is classified into four broad categories: type1,
type2, gestational diabetes and other specific types as the prediabetes for example.
In this work, our objective is to detect the factors causing type
2 diabetes in Algeria.
In literature, there are many risk factors for type2 diabetes
among which the following: [2, 3]
 Persons aged 45 years and more.
 Obesity.
 Heredity.
 Physical inactivity.
 Heart diseases.
 High level of blood Cholesterol and Triglycerides.
 Pregnancy.
 Gestational diabetes or giving birth to a baby
weighing more than 4 kg.
 Polycystic ovary syndrome for women.
 Certain ethnic groups (mainly Afro-Asians, Africans
and Latin Americans).
Diabetes affects more than 5% of the word population. 90%
of the word diabetes are subject to a pre-diabetes [1].
The diagnosis of diabetes type2 consists in classifying the
patient according to two situations “diabetic or healthy
patient” by analyzing a certain number of parameters which
characterizes it. And sight the big number of individuals and
the complexity of interpretation of the parameters; it is
possible to be in front of a classification problem.
We could save that the more we increase the number of
descriptors the more we facilitate and ameliorate the
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classification. However, the classification quality does not
directly depend on the size of the available database but it
rather depends on its pertinence.
In the literature, there have been different studies in the
field of artificial intelligence where many classification
techniques are used in order to assist doctors in different
specialties. [4]
In order to discover key descriptors and latent knowledge,
data mining techniques were applied. A large number of
studies performed on diabetes classification have applied
reducing parameters. To improve computational efficiency,
the feature selection technique, the combination of five
machines learning and a majority voting algorithm are used in
this research to rank the important descriptors affecting
diabetic control and to classify the diabetics patients.
Although many have tried to approach diabetic’s health
problems through data mining techniques, there are many
constraints and difficulties in this [5]. The main difficulty
arises in data collection. Because hospitals have not used
electronic medical record systems for long, it is very hard to
collect a dataset large enough for such research. Moreover, in
the university hospital setting, physicians and medical
practitioners have occasionally transferred to other medical
institutions, which might cause different patient care
protocols, including physical examinations and interviews
formats. Furthermore, because of over confidence in their
health condition or for other personal reasons, some
outpatients visit the hospital and private clinics irregularly.
These circumstances may lead to very irregular,
incomplete, or missing data in the clinical setting, and thus
make it difficult to extract meaningful information from the
data.
In this paper, we focus on the objective of a variable
feature selection, while maintaining the medial interpretation
and a good classification.
The remaining parts of this paper are organized as follows: in
section 2 we present the different work done for the
recognition of type 2 diabetes in the literature. Section 3, the
description of the proposed algorithm used in this study. In
section 4, we describe the collected database and we discuss
its different parameters. The results obtained in applications
are given in Section 5. This section also includes the
discussion of these results in specific and general manner.
Finally in Section 6, we conclude the paper with
summarization of results by emphasizing the importance of
this study.
II.

STATE OF THE
ART

Diabetes is a disease that can lead to the development of
serious complications and early death. [1]
For this reason, many researchers are interested to study this
disease and to detect the descriptors that can cause this latter.
In this section, we will first present some work of
researchers whose goal was to detect the disease of diabetes in
a general way using different machines algorithm. After we
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will present the different works carried out on diabetes using
variable selection techniques.
In Ref. [6], Michael Klompas et al. have created a new
surveillance algorithm able to detect the type 1 diabetic patients
versus the type 2 using structured Electronic Health Record
(EHR) data. The collected database contains the data of
700,000 patients. Although the database used in this work is
gigantic, the disadvantage of this work is that it does not use
selection and classification techniques.
In Ref. [7], a feature selection algorithm is run for the
selection process. Secondly, the deep learning model has a
deep neural network which employs a Restricted Boltzmann
Machine (RBM) on Pima database. This algorithm will help to
predict diabetes with much more precision.
Maham et al [8] have proposed an application of Automatic
Multilayer Perceptron which is combined with an outlier
detection method Enhanced Class Outlier Detection using
distance based algorithm to create a prediction framework
named as Enhanced Class Outlier with Automatic Multi layer
Perceptron (ECO-AMLP). The used database is PIMA dataset
and the obtained accuracy rate are 88.7%
A.P.Shingade et al proposed in [9] A Review on
Implementation of Algorithms for Detection of Diabetic
Retinopathy (DR). The goal of this work was to provide
assistance to doctors in order to detect the diabetic retinopathy
using three machines algorithm which are the Support Vector
Machine, the Multi-Layer Perceptron and the K-Nearest
Neighbor. The obtained results by all machines learning
approaches are very satisfactory. [9]
In the same field, Application of Random Forests Methods
to Diabetic Retinopathy Classification Analyses has been
proposed by Ramon Casanova et al. in Ref [10]. We have
introduced Random Forest algorithm. Their results suggest that
RF methods could be a valuable tool to diagnose DR diagnosis
and evaluate its progression.
In the same context, Subramani Mani et al. proposed in [11]
Type 2 Diabetes Risk Forecasting from EMR Data using
Machine Learning. The use of different selection and
classification techniques of data in order to detect type 2
diabetes, which are: the RF, the SVM, the K-NN, the CART,
the Gaussian Naïve Bayes and the Logistic Regression. In this
study, authors have collected a dataset of 2280 patients each of
them is represented by 17 descriptors. The results obtained by
the RF, and the CARTS approaches are the best.
In [12], the authors have applied the Random Forest
algorithm on 10 different databases. Among them, PIMA
diabetes database. An error rate of 0.2387 was obtained for this
latter.
In this paper, we target three distinct objectives: the
database construction, Recognition the best descriptors helping
to cause diabetes in Algeria with Random Forest Approach,
and finally data classification using five machines learning
algorithms.

For the data used in our experiments, we propose to use a
large clinical database composed of 625 patients, which have
been collected manually form several hospitals and private
clinics.
III.

THE PROPOSED ALGORITHM

A general schema for predictive model building able to
select the best descriptors and classify in the same time the
patients who have diabetes diseases is presented in Figure 1
below.

at each node the selection of the best split based on the Gini
index is performed not on the complete set of attributes M but
on a randomly selected subset of it.
The size F of this subset is established prior to the execution of
the procedure (1≤ F ≤ M) [16].
The tree is then developed to its maximum size without
pruning. During the prediction phase, the individual to be
classified is propagated in every tree of the forest and labeled
according to the CART rules. The whole forest prediction is
provided by a simple majority voting approach of the class
assignments of individual trees.
The algorithm of the Random Forest method (for
classification and prediction) is as follows:
1. Draw ntree bootstrap samples from the original data.
2. For each of the bootstrap samples, grow an unpruned
classification or regression tree, with the following
modification: at each node, rather than choosing the best
split among all predictors, randomly sample mtry of the
predictors and choose the best split from among those
variables. (Bagging can be thought of as the special case of
random forests obtained when mtry = p, the number of
predictors.)
3. Predict new data by aggregating the predictions of the
ntree trees (i.e., majority votes for classification, average
for regression). [17]

Figure 1: A General Schema for the proposed approaches

After the realization of the learning step in our database
with 10 cross validation technique. The steps of the selection of
the pertinent descriptors that help causing diabetes are realized
using a Random Forest feature selection approach. In the state
of the art, the most used Feature Selection method by different
researchers is the Random Forests algorithm. The description
of this latter is illustrated in the next section. After that, a
combination of classifiers is made for the purpose of detecting
whether the patient is diabetic or not. Finally, a majority voting
method is used between the proposed classifiers (SVM, MLP,
K-NN, CART, and RF) in order to get closer to the maximum
of the medical advice.
A. The Random Forest Approach:
A Random Forest is an ensemble method introduced by
Breiman in 2001 [13]. The idea of ensemble methods is to
combine several classifiers to build the best models.
Breiman proposed to use the Bagging, but for each data set
generated, the growth of the tree is processed with a random
selection among the variables at each node. He uses the
approaches developed by L. Breiman, [14] and Amit and
Geman [15] to generate a set of trees doubly disrupted using a
randomization operating both on the training sample and at
internal partitions. Each tree is thus generated at first from a
sub sample (a bootstrap sample) of the complete training set,
similar to the techniques of bagging.
Then, the tree is constructed using the Classification And
Regression Tree (CART) methodology with the difference that

An estimate of the error rate can be obtained, based on the
training data, by the following:
1. At each bootstrap iteration, predict the data not in the
bootstrap sample (what Breiman calls “out-of-bag”, or
OOB, data) using the tree grown with the bootstrap sample.
2. Aggregate the OOB predictions. (On the average, each
data point would be out-of-bag around 36% of the times, so
aggregate these predictions.) Calcuate the error rate, and
call it the OOB estimate of error rate. [17]
After selected the dexcriptor’s importance with an expected
degree of importance by The Random Forest approach, we
performed the step of classification using five machines
learning algorithm and a majority voting system.
B. The Machine Learning Algorithm:
In this study, we used five different machines learning
algorithms and a majority voting system. These algorithms are:
Two sample-based classifier (K-nearest neighbor, and Multi
Layer Perceptron), one kernel based classifier (Support Vector
Machine) and two decision tree based classifiers (CART and
Random Forests).
We have chosen to use five different machine learning
approaches because in this work we have used a new database.
The choice of these five machine learning approaches is
justified by:
The Neural networks, is known for its power of learning
and their remarkable ability to derive meaning from
complicated or imprecise data, can be used to extract patterns
and detect trends that are too complex to be noticed by either
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humans or other computer techniques. Also, it presents better
generalization ability, especially on noisy data. But, the
disadvantage of this approach is that it is considered as a black
box, i.e. it does not give interpretability for doctors.
The K-Nearest Neighbor (KNN) is a very simple classifier
that works well on basic recognition problems. It is very easy
to implement its algorithm.
The CART algorithm is useful tools in decision tree
methodology. It is well-known by providing powerful
classification, in addition to a set of interpretable rules because
it gives a pictorial view of the results obtained.
There are several advantages of CART. One of them is that
trees are more efficient at dealing with high dimension data
than parametric regression techniques. Additionally, it is able
to flexibly deal with missing data. [18]
The Support Vector Machine (SVM), is known for its good
management in multi-class cases, High accuracy, its
minimization of the empirical error, treats the big data like the
medical field, and with an appropriate kernel they can work
well even if you're data isn't linearly separable in the base
feature space.
Despite its many advantages, the SVM algorithm remains a
black box that does not offer interpretability for doctors.
Among the advantages of the Random Forest approach is: a
good classification rate, reduction of the computing time: very
important in large dimension (big data) and runs efficiently in
this latter, estimate of what descriptors are pertinent in the
classification, provides effective methods for estimating

missing data, generated forests can be saved for future use on
other data [19], Obtaining a greater variety of models. [12]
In this work, we suggest to use a Majority Voting method
(MV) among the proposed classifiers in order to optimize the
classification results.
The majority voting systems are widely used in computer
aided diagnosis in order to minimize errors. The aim of
majority voting algorithms is to determine in any given
sequence of votes whether there is a class with more votes than
all the others, and if so, to determine this class as the most
favorable one.
IV.

THE COLLECTED
DATABASE

The patients’ in this database was collected from different
private clinics and hospitals from the western of Algeria from
year 2017 to 2018 as part of data clinical management. .
The existing database contains 625 patients (227 are healthy
and 398 Type 2 diabetic patients’); 408 males and 217 females.
The patients’ age ranged from six month to 87 years, with only
93 patients younger than 21. The mean value of the patients’
age is 58.5. Therefore, the work concentrates on the older
group. This is consistent with the fact that diabetes mainly
affects the older age groups (>60) within the population.
Representation by the geographical histogram of the Algeria
city’s is illustrated in the following figure2. It shows that
patients collected in our database are from different regions
(west, central, south and north) which prove the robustness of
our data base.

Figure2. The collected patients as Algerian cities

A set of 33 descriptors including patient characteristics,
treatment, complication care, physical and laboratory findings
were present in the database.
the descriptors used in our database in order to detect if the
patient is diabetic or not are: sex, age, medical backgrounds:
hypertension, respiratory failure, heart failure, ecg parameters:
heart rate (bpm), steadiness of heart rate, pacemaker,
atrioventricular block, left ventricular hypertrophy, myocardial
infarction, level of blood cholesterol, level of blood
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triglycerides, prothrombin ratio, glycated hemoglobin, blood
sugar (g/l), number of birth, polycystic ovary syndrome, family
history, history of gestational diabetes, skin color, body mass
index, number of hours of physical activity, number of
cigarettes per day, alcohol consumption, type of drug to take,
cerebrovascular accident, asa (american society of
anesthesiologists) scores , oxygen saturation (%), blood
pressure: systole and diastole (mmHG) and resulting classes.

There was some difficulty in data collection: the patients
have not always taken all the tests at the visit, and their visits
were very irregular. It was inevitable that there will be
incomplete, noisy and inconsistent values.
Therefore some process was necessary; the principal
transformation deals with discretization which allows the
application of data mining methods for discrete attribute
values.
V.
DISCUSSIONS

RESULTS

After calculating the variables importance for our database
the results obtained are presented in the following table with a
descending order as follow:
TABLE 2. THE DEGREE OF IMPORTANCE FOR THE DIFFERENT DESCRIPTORS
OBTAINED BY THE RF METHOD

AND

In practice, it is very useful to have information from the
used the data variables. We should choose the needed variables
to explain the output results.
This extracted information can be of great help in interpreting
the data. They can also be used to build better classifiers: a
classifier built using only the useful variables can be more
powerful than a classifier built with additional noisy variables.
In this paper we focus our work on random bits for variables
selection task.
It’s very simple to implement, when selecting a subset of
explanatory variables (of importance) from a large number of
them.
The implementation of Random Forest uses two main
parameters: The most important parameter is the number m of
variables randomly selected at each node of the tree. We called
it mtry and it can vary from 1 to “p” (observations) here we

Degree of
importance

Descriptors

Degree of
importance

Glycated
hemoglobin

0.86

Myocardial
Infarction (MI)

0.41

Blood sugar

0.8

Skin color

0.41

Family
history

0.79

Left Ventricular
Hypertrophy

0.37

Body Mass
Index (BMI)

0.74

Age

0.72

Level of
blood
Triglycerides
Level of
blood
Cholesterol
Hypertension
Heart failure
(HF)
Systole
(mmHg)
Diastole
(mmHg)
Physical
Activity
History of
gestational
diabetes

fixed it equal to
depending on the setting of Breiman
[20].
We can also adjust the number of trees of the forest. This
parameter is named Ntrees and its final value is taken by
building trees until the error research a small fixed value.
The results as can been see in Figure 3, show that at 250 trees
the error rate converge to 0.11 which give an 89 %
classification rate.
And beyond this value the error remains nearly constant.

Figure3. Classification Performance of Database by RF in Function of the
Number of Trees

Descriptors

ASA Scores
Heart rate
value
Number of
cigarettes per
day

Atrioventricular
Block
Oxygen
saturation (%)

0.33
0.31

0.71

Steadiness of
Heart Rate

0.31

0.69

Respiratory
failure

0.30

0.65

Number of birth

0.21

0.61

Prothrombin
Ratio

0.19

0.61

Pace maker

0.17

0.6

Cerebrovascular
Accident
(CVA)

0.13

0.55

Sex

0.05

0.49

Type of drug to
take

0.05

0.47
0.46

Alcohol
consumption
Polycystic
ovary syndrome

0.02
0

0.43

The obtained results concerning the selection of variables
according to their importance using the random forests,
confirm the medical approach.
They show clearly the importance of Glycated Hemoglobin
and the blood sugar value in the identification of diabetes type
2.
From the medical point of view, these two values are the
most used by doctors in order to determine either the patient is
diabetic or not.
Most of the time, for a diabetic patient with an overweight,
the value of the level of blood Cholesterol and triglycerides are
not provides balanced.
Also the descriptors Age shows the fact that the majority of
the Algerian population are elderly people. And it confirms
with the values given by the International Diabetes Federation
(IDF), “The global prevalence of diabetes among people aged
60 to 79 years is 18.6%”. [21]
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The family history descriptor’s is a very important
parameter because diabetes is a hereditary disease that can be
transmitted from one generation to another.
Most of the time, a diabetic patient may suffer from heart
disease. So, the descriptors history of hypertension, blood
pressure (systolic and diastolic) and heart failure are highly
correlated.
The aim of this research concentrates on two principal
points:
1. Identifying significant factors influencing diabetes type2
control;
2. Classifying patients after selecting the best descriptors
influencing on diabetes.
.

The following table (table 3) summarizes the obtained
results in the five experiments. In each experiment we set a
threshold level of Degree of importance. In the first
experiment, we propose a threshold ≥ 0.01, our algorithm used
31 descriptors. In the second, we propose a threshold ≥ 0.3, our
algorithm used 23 descriptors. In the third experiment, we
propose a threshold ≥ 0.6, our algorithm used 11 descriptors. In
the fourth experiment, we propose a threshold ≥ 0.7, our
algorithm used 06 descriptors. Finally in the last experiment,
we propose a threshold ≥ 0.8, our algorithm used just 02
descriptors

TABLE 3. THE OBTAINED RESULTS USING THE MACHINES LEARNING ALGORITHM AND THE MAJORITY VOTING SYSTEM
The Obtained Results Using a threshold ≥ 0.01
Experiment 1
(31 descriptors)

SVM

MLP

K-NN

CART

RF

Classification Rate

80.77

79.83

77.72

83.07

83.94

AUC

0,661

0,544

0,508

0,699

0.693

(23 descriptors)

SVM

MLP

K-NN

CART

RF

Classification Rate

87.01

81.27

80.59

83.05

88.12

AUC

0,679

0,688

0,594

0,707

0.799

(11 descriptors)

SVM

MLP

K-NN

CART

RF

Classification Rate

88.65

81.89

82.06

90.38

89.91

AUC

0.759

0.804

0.663

0,812

0.877

MV
85.33

The Obtained Results Using a threshold ≥ 0.3

Experiment 2

MV
92.94

The Obtained Results Using a threshold ≥ 0.6

Experiment 3

MV
94.24

The Obtained Results Using a threshold ≥ 0.7

Experiment 4
(6 descriptors)

SVM

MLP

K-NN

CART

RF

Classification Rate

87.99

81.54

81.12

86.81

89.69

AUC

0.711

0,707

0,613

0.732

0.865

(2 descriptors)

SVM

MLP

K-NN

CART

RF

Classification Rate

86.61

80.11

77.87

84.02

85.32

AUC

0,694

0,627

0,588

0,703

0.749

MV
93.18

The Obtained Results Using a threshold ≥ 0.8

Experiment 5

The performances of the five experiments were evaluated
on the basis of Classification rate criterion and the Area Under
the Curve (AUC).
As shown in Table 3, the third experiment provided the
better performances among all the other experiments.
While the obtained results in the first one are the lowest
performances among all the other experiments. The results for
the other experiments are ranked in ascending order as follow:
experiment 4, experiment 2 and experiment 5.
The AUC value of the all experiments was reasonable
(~0.7). The CART classifier had the best AUC in the first
experiment. For all the other experiments, the Random forests
classifier had the best AUC.
In case of using all database (625 patients), the results are
presented in ascending order as follow: RF, CART, SVM,
MLP and finally K-NN.
However, when using only the half of our database (300) in the
same experiment (experiment 3), we obtain a different order of
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MV
88.55

results (SVM, RF, CART, K-NN, and finally MLP). Therefore,
we can conclude the results depend mainly from the size of the
database.
Since the size of our database may be increased in the
future, we propose to apply all the machine learning algorithms
and the majority voting systems in order to select the best
related result.
Also, we notice that, for all the experiments, the five
machines algorithm used on our database have given a good
classification rate but the majority voting approach
outperforms all of them.
For the all test, the best results are those given by the
Support Vector Machine, the Multilayer Perceptron, the
Random Forest and the CART Decision tree classifier. The
classification rate of K-Nearest Neighbor is the lowest among
the four machines learning techniques.
Our database does not contain the cases of women who
have Polycystic ovary syndrome. For this reason, the RF

technique has found importance degree of this descriptor is
null.
The degree of importance of the Alcohol consumption
descriptor equal to 0.02. But in the medical literature, that
descriptor affects too much on the diabetic type 2 disease. This
result is justified by the number of drinkers alcohol patients
collected in our database that tend towards zero.
If we compare the obtained results during the third and the
fourth experiments, we note that the results found in the third
were better than those obtained on the fourth experiment.
Recall that the number of descriptors used in the third
experiment is 11 against only 06 descriptors in the 4th. This
means that the 05 descriptors which are not used are also very
important. These descriptors are: Level of Blood Cholesterol,
Medical backround of Hypertension and Heart failure (HF),
and diastole.
The results of the fifth experiment show that the most
relevant descriptors to determine whether the patients have
diabetes type 2 diseases or not are the value of the Blood sugar
and glycated hemoglobin. However, according to the medical
literature, these two parameters are the most important.
VI.

CONCLUSION

The development of the medical computer aided diagnosis
system is becoming today a very motivating research field.
Indeed, numerous researchers working in the field of artificial
intelligence are trying to suggest interpretable intelligent
automatic systems ready to help doctors in their routine clinical
work.
The two objectives of this paper are: to detect the best
descriptors helping to Cause Diabetes type2 in Algeria and to
classify the type 2 diabetic patients.

For this, we have used the Random Forest feature selection
approach in order to select the pertinent descriptors.
The advantage of this technique is to depend only on a very
limited number of parameters to be executed, which makes
their exploration easier. The two main features of the method
are its ability to select important variables and the number of
trees forming the whole forest prediction.
The obtained results show that, the classification quality
does not directly depend on the size of the available database
but it rather depends on its pertinence.
eart failure (HF), systole and diastole) and highlight the 02
more informative which are (Glycated hemoglobin, Blood
sugar) and beyond totally ignore the other noisy variables.
By applying the Random Forest feature selection approach,
we can conclude that four descriptors can affect the Algerian
population for the diabetes type 2 diseases, with a good
Glycated hemoglobin and good blood sugar value, most
diabetes complications can be avoided.
Beyond these two factors: the strict control of the blood
pressure (systole and diastole) especially for people over 45
years, the control of the weight and the practice of physical
exercise may preventable diabetes type2 disease.
In our future works, we plan to enrich our database while
augmenting the number of patients whose number is reduced in
our database, for example the women with the Polycystic ovary
syndrome for the purpose of obtaining better results. And make
it available online for a general use by other researchers.
We plan also to use some other feature selection approach
and other machine learning techniques, in order to test the
robustness
of
our
database.
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Abstract—Due to their efficiency, texture features are frequently
used for describing visual content of images. In this paper, we
compare six widely used texture features namely, Weber Local
Descriptor (WLD), Local Binary Pattern (LBP), Gist and GrayLevel Co-occurrence Matrix (GLCM), in addition to two recent
ones namely, Three-Dimensional Connectivity Index (TDCI) and
Dense Micro-block Difference (DMD). Moreover, we have
proposed an improvement of TDCI so it can capture local
variation of motifs instead of the global. As a classifier, we have
considered using Support vector Machine (SVM). After
conducting a detailed evaluation on four well-known texture
benchmarks which are Broadatz, Vistext, Outext and DTD, we
have found out that WLD has, in average, the best performance
compared to the other features.
Keywords—Image classification; Support Vector Machine;
Texture Analysis; Image Features; Feature Comparison;

I.

Introduction

Image features are statistical measurements taken from an
image to describe its visual content. These features could be,
broadly, categorized into three main categories which are
color [1], texture [2] and shape[3] features.
Amongst color features [4,5,6], color histogram [4] is a
widely used one. This is because of its stability, simplicity of
calculation in addition to its invariance to rotation, translation
and scale changes. However, color histogram suffers from a
common weakness which is the inability to describe spatial
distribution of colors.
Texture features [7] provide important information about
the primitives that constitute a texture and the relationship
between them. Several approaches have been proposed to
represent texture, the most four known ones are : statistical
features includes co-occurrence matrices [8,9,10,11,12,13],
Weber Local Descriptor (WLD) and its derivations [14,15],
Local Binary Pattern (LBP) and its derivations[16,17,18],
autocorrelation-based [19,20,21] and registration-based
[22,23] features. Structural features includes primitive

Mohammed Lamine Kherfi
LINATI Laboratory
Univ Kasdi Merbah
Ouargla 30000, Algeria
Lamine.kherfi@univ-ouargla.dz

measurement-based [24,25], edge-based [26,27], skeletonbased [28,29] and morphological operation-based [30,31,32]
features. Filter-based features includes spatial domain filtering
[33,34,35], frequency domain analysis [36] and joint spatialfrequency methods [37,38]. Additionally, model-based
features includes fractal models [39,40], auto-regressive
models [41,42], random field models [43] and the texture
exemplars models [44].
There has been a number of comparative studies between
different texture features. We mention the work of Ohanian
and Dubes [45], where they have evaluated then compared
four texture features namely Gray Level Co-occurrence Matrix
(GLCM) [9], Markov Random Field (MRF) [43], fractal-based
[39] and multi-channel filtering [46]. This evaluation has been
carried out using four test sets, two of them are synthetic and
the others are natural. Results indicate that GLCM
outperforms the others. Nurhaida et al. [47] have compared the
performance of three methods classifying a Batik texture
dataset. These methods are the GLCM, Canny Edge Detection
[48] and Gabor filters [37]. Their experimental results showed
that GLCM has yielded the best classification accuracy.
Recently, ZOU et al [49] have evaluated three local features
namely, Local Binary Pattern (LBP) [50], Eigen Principle
Component Analysis (EPCA) [51] and Gabor features [37] in
a face recognition task. This time, Gabor features have yielded
best results, whereas, LBP has come in second place.
In this paper, we evaluate six features that have proven
their effectiveness in the literature. From the pre-mentioned
comparative studies, we select the top three features which are
GLCM, Gabor features (Gist as instance) and LBP. In addition
to these features, we another widely feature that has proven it
powerfulness in discriminating texture, which is Weber Local
Descriptor (WLD) [14]. Image features can be exploited in
various applications of image processing, machine learning,
and pattern recognition [52,53]. In this paper, however, we
consider evaluating these features in texture classification
context. To be natural, we use a general texture dataset known
under the name Broadatz. Because the time is a critical
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criterion in CBIR, we consider response time as an evaluation
criterion together with the recall and precision.
This paper is organized as follows: in Section 2, we
introduce and discuss features that we consider in our
comparison. In Section 3, we conduct our evaluations on the
selected features to determine which one has best accuracy
and time response. Finally, we draw some conclusions.
II.

Texture Features

The aim of this section is to provide a definition of all
features that have been considered in our comparison. These
features are, GLCM, LBP, WLD, and Gist.
A. GLCM
For a given image I, GLCM [9] extracts information of the
occurrence frequency of different gray-level (resp., color)
pairs within I. In simpler words, let us suppose that we extract
a GLCM M from a texture image. Then, Each element M(i, j)
represents the frequency of a gray-level j that appears at a
given offset
from a gray-level i. the GLCM could be
extracted using Eq.(1).
∑

∑

{

(1)

According to Haralik [9], a set of features could be
extracted from GLCM. The most known ones are : angular
second moment, contrast, correlation, variance, inverse
different moment, sum average, sum variance, sum entropy,
entropy, difference variance, difference entropy, maximal
correlation coefficient and three other measures of correlation
namely f11,f12 and HXY.
B. LBP
Due to its high ability in discriminating texture, LBP [50]
has been included in various applications including texture
classification and segmentation. It has been introduced by
Ojala et al [50] as a multi-resolution and rotation invariant
texture feature. The basic LBP operator is computed through
assigning each pixel to an 8-bits binary code. This code is
computed by considering the center pixel of a neighborhood as
a threshold value. Then, each pixel within the image is
replaced by its corresponding binary code. Finally, the
appearance frequency of each code (i.e. pattern) in the image
is computed to constitute a histogram with a length of 256 (
28). The LBP value of a pixel
is can be
calculated using Eq.(2).
∑

(

)

(2)

{

differential excitation is a function of the ratio between the
intensity of this pixel against its neighbors.
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…
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, and
is the central pixel of
is an ’ s neighbour.

Then, WLD concatenates these two components of all
pixels to construct a final histogram.
D. Gist
Gabor filters-based features are powerful features that are
used to effectively represent the spatial characteristics of the
image (i.e. border and edges) in addition to the frequency
behaviors (i.e. textures). In order to extract these features, the
image must be first convoluted with a pre-generated filter
bank [54]. Gabor filter is a result of modulating a cosine
function by a Gaussian kernel. A two-dimensional Gabor filter
could be generated using the formulas showed in (5) and (6).
[

]

[

]

𝑖

𝑖

s
s

s

s

(5)

s

s

(6)

Such that, B and C are two normalization factors, and
are dedicated, respectively, to define the desired frequency
and orientation of the corresponding filter. By varying these
parameters, a number of filters could be generated.
After convoluting the image with a selected set of filters,
various statistical measures could be extracted from the
resulted image. For example, the mean and the variance are
two features amongst many others.
Gist is a specific type of Gabor filter-based features. It
convolves the image with 32 predefined filters that vary for 4
scales and 8 orientations. This process produces 32 feature
maps from the original image. Then, each feature map is
divided into 16 equal regions (4x4 grid). After concatenating
the values’ averages of these regions for all maps, we get a
512 (32x16) length Gist descriptor.
E. Three-dimensional connectivity index (TDCI)
TDCI is a very recent texture feature that has been
proposed by J. B. Florindo et al [55]. Actually the core idea
has been introduced first time by the same others in [56]
before it has been improved. It consists in the following three
steps:

Where,
is the central pixel of a given neighbourhood and
is ’ s neighbour.

1. The texture is ﬁrstly mapped into a three-dimensional
cloud of points where x, y and z Axes are corresponds to
the Coordinates of each pixel (x, y) and its gray level
value, respectively.

C. WLD
WLD [14] extracts for each pixel within the image two
measures namely, differential excitation
and orientation.
Such that, the orientation component is the gradient
orientation
of the corresponding pixel, whereas, the

2. Measure the size of the largest "connected" set of points
within a sphere (alt. cube in [56]) centred at the pixel p.
Two pixels are considered as connected if the distance d
between them in the space is smaller than a threshold t.
Fig .1 shows examples of calculating connectivity length
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for different scales of cube (alt. sphere). Fig .1 (a), Fig .1
(b), Fig .1 (c) and Fig .1 (d) exemplify the process for
different window lengths. Inside the current window
(highlighted in black) all the points at a distance smaller
than t are connected by an edge resulting in a graph
(coloured in red). The number of points in the graph gives
the connectivity.

Such that,
is the average intensity of the microblock located at the point x=(a ,b) within the patch. This
quantity is calculated as follows:
∑∑
𝑖

Where p(a,b) denotes the intensity of the pixel located at
the coordinates (a, b) within the patch.
After extracting features from the patches, they are
incorporated with a Bag of Features (BoF) model. This step is
necessary for normalizing the features since they are local.
The obtained data are then feat to an SVM classifier.
III.

Support Vector Machine
(SVM)

Support Vector Machines (SVM) [59] is a family of very
efficient and unique classier. In general, they consist in two
main steps:
1. Mapping the input samples into a highly dimensional
feature space using a fixed nonlinear transformation.
Fig. 1.

Computing the connectivity of a pixel p (centre point).

3. Calculate the cumulative color histogram for theses
connected set of pixels.
After calculating the connectivity index for each pixel
within the images, the authors suggest extracting a cumulative
color histogram to capture the global distribution of the
connectivity indexes. However, such a global information
does not fully describe the image. As a solution of this issue,
we propose an alternative method that captures the local
variation of neighboring connectivity indexes. We therefore
suggest extracting a Connectivity Co-occurrence Matrix
instead of a cumulative histogram. After hazing been reshaped
to vector, this matrix will be used as an image descriptor. Our
proposed modification of the method will be evaluated and
compared with the original one.
F. Dense Micro-block Difference (DMD)
Mehta and Egiazarian[57] have proposed a novel texture
feature called DMD. The feature is based on the idea that
small patched in a texture image capture characteristic
structure and discriminative information. Within each patch,
they take the pairwise intensity differences of small blocks
(i.e., micro-block). For the sake of covering different spatial
arrangement, the micro-blocks does not regularly distributed
within the batch, instead, authors suggest generating them
randomly based on an isotropic Gaussian distribution
Gaussian(0, L2/25). Using such random distribution ensure
extracting information at three different level from an image
path which are: resolution, orientation and scale.
Formally speaking, given a patch p with a size L×L an two
set of randomly generated sampling points
,
. Then, the DMD for micro-blocks of size s
is given by:
…

2. Classify these samples with a linear decision function in
such way that the margin separating samples from
different classes is maximum.
The SVM incorporates some of the most important
principles. It avoids the complication of estimating the
distribution of data samples [60]. Instead, it directly delve to
classification. It offers efficient means for trading the training
error with generalization error. In the nonlinear case, it
represents the central minimization task as a convex
optimization problem where solutions exist.
Cross-validation is a model assessment technique used to
evaluate the predictions maker algorithm. It partitions the
dataset then uses a subset of the data to train the algorithm and
the remaining for testing. Cross-validation is a commonly used
method to prevent overfitting during the training process. Each
round of cross-validation involves randomly partitioning of
the original dataset into training and testing set.
In this paper, k-fold Cross-validation (k=10) and SVM
have been used to evaluate the performance of different
features using different dataset. Details about the experimental
evaluations are given in the next section.
IV.

Evaluation

The aim of this section is to evaluate GLCM, LBP, Gist,
WLD, DMD, TDCI and our improved TDCI in the context of
texture-based image classification. In the next two subsections, we, firstly, provide details about the environment in
which we conduct our experiments. Then, we report and
discuss the obtained results.
A. Experiment setup
As conditions of the experiments, we set the following
datasets:
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1. Broadatz Dataset: It is a well-known texture dataset [21].
This dataset is dedicated for rotation-invariant texture
recognition, which involves 13 texture classes from the
original Broadatz album and contains 1248 images of
dimensions 128×128 pixels. Textures are presented with
six different rotation angles (0 o, 30o, 60o, 90o, 120o, 150o).
The number of simples per class and orientation is 16
images.
2. Outex Dataset: contains color images and used commonly
in texture features evaluation. This dataset is composed of
11484 images that are categorized into 28 class. Such a
high number of class allows us to push the limits of the
features. Again, half of the dataset (i.e., 5742 images) is
used to train the classifier whereas the other half is used
to test it
3. Vistex Dataset: It provides texture images that are
representative of real world conditions. Additional, it do
not conform to rigid frontal plane perspectives and studio
lighting conditions, which makes it a true challenge to our
features and classifier. This dataset is composed of 830
images categorized into 21 classes.
4. DTD Dataset: Describable Textures Dataset (DTD) is a
texture dataset that consists of 5640 texture images.
Inspired by human perception, this dataset is organized
according to a list of 47 categories (120 images per
category). To make the task even harder, we have divided
each image into four equal sub images, which makes a
total of 22560 images (480 images per category).
B. Features setup
Before proceed evaluating the features, the parameters of
each features need to be firstly set.
 GLCM: the gray-level has channel been quantified into 8
bins which gives an 8×8 GLCM matrix. From this matrix,
we derive 22 statistical moments namely:
Uniformity /
Energy / Angular Second Moment, Entropy,
Dissimilarity, Contrast, Inertia, Inverse difference,
correlation, Homogeneity, Inverse difference moment,
Autocorrelation, Cluster Shade, Cluster Prominence,
Maximum probability, Sum of Squares, Sum Average,
Sum Variance, Sum Entropy, Difference variance,
Difference entropy, Information measures of correlation
1, Information measures of correlation 2, Maximal
correlation coefficient, Inverse difference normalized
(INN) and Inverse difference moment normalized (IDN).
These moments are then coded in a vector that will be
used as image descriptor.
 LBP: there are many LBP variants. Uniform LBP has
proved itself as one of the most powerful variants that is
used to detect corners, line, and ramp gradient. In this
paper, we consider using uniform LBP.
 WLD: WLD has three parameters that need to be set, M
(devoted for differential excitation space sampling) and T
(devoted to differential orientation space sampling) and S
(number of bins within each excitation or orientation subsampled space). As we did with GLCM, these parameters
has been set to 8.
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 Gist: we opted for the standard Gist configuration. We
convolves the images with 32 predefined filters that vary
for 4 scales and 8 orientations. This process produces 32
feature maps from the original image. Then, each feature
map is divided into 16 equal regions (4x4 grid). After
concatenating the averages of these regions for all maps,
we get a 512 (32x16) length Gist descriptor.
 DMD: number of micro-blocks has been set to 80.
Regarding the BoW, we set the number of clusters to
1000.
 TDCI: This features needs two parameters r and t. r is the
radius of the sphere in where the connectivity where be
calculated. t is the threshold of the min connectivity
length to be considered. We set r to 3 and t to 10.
C. Experimental result
This subsection is devoted to evaluate the main aspect of
image classification that is the correct rate. After having each
feature evaluated using all the datasets, we collect and list the
correct classification rates in the following table.
Table 1 : Correct rate yielded by all features in all datasets. Best
feature colored in orange
Datasets
Broadatz

Vistex

Outex

DTD

Average

GLCM

0.93

0.49

0.46

0.74

0.47

Gist

0.76

0.44

0.47

0.16

0.34

LBP

0.74

0.29

0.52

0.19

0.39

WLD

0.97

0.69

0.69

0.21

0.56

DMD

0.66

0.24

0.17

0.1

0.29

TDCI

0.85

0.17

0.24

0.06

0.34

MTDCI

0.91

0.25

0.34

0.12

0.38

Table 1 resumes the global performance of each feature in
each dataset. In average, we can say that WLD is the best
feature among all. It remarkably outperform all others in all
datasets. In other hand, our proposed modification of MTDCI
has improved the results of the original TDCI.
From those results, we also conclude that even though
GLCM is a classical feature its performance stand astonishing,
especially with datasets that contains gray-level images such
as Broadatz.
Another very helpful and useful approach of evaluating the
performance of the classifier is the confusion matrix. Such a
matrix aims to show the number of elements of class A that are
assigned to the class B. As instance, we chose to show the
confusion matrices for the top four features in Broadatz
dataset. Fig. 2 illustrates the obtained confusion matrix for the
top four features (i.e., WLD, GLCM, MTDCI, and TDCI).

International Conference on Artificial Intelligence and Information Technology, ICA2IT'19
excellent literature review that covers a wide range of works
concerning texture features. Moreover, it introduces a baseline
of results obtained by six features that can be used by other
researches for comparison purposes
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Abstract—The important growth of the pages contained in the
website as well as the number of users navigating requires
research tools that allow studying the behaviour of users in the
Web Usage Mining. Among these tools, clusters analysis is
considered as the most important technique in this area. Based
on this technique, several methods have been developed; the most
popular is the partitioning method. However, its principle, as it
appears to be unsuitable for web data, represents a sequential
data stream where the similarity notion must be taken into
account when calculating the distance between objects.
This paper attempts to overcome the limitations of this
method and proposes a new user clustering model. The proposed
approach is based on the extraction of sequential patterns along
with the generated sequential rules. The experimental realization
has been carried out by implementing the proposed algorithm
and the k-medoids partitioning algorithm. This study is carried
out with the aim of comparing the performance relative for each
of them through a set of measures that help evaluate the quality
of the generated clusters.
Keywords— Web Usage Mining, Clustering Technique, Sequential
patterns Technique, k-medoids algorithm; Sequential
rules, Evaluation measures of clusters’ quality.

I.

Introduction

To better understand the behaviour of web users and
satisfy their needs, it is important to process and analyze this
large data by applying the Data Mining techniques. Among
these techniques, the cluster analysis is the most important
technique used in Web data where time is primordial to follow
visited pages. Among the existing methods of clustering, this
article is interested in partitioning methods in the clustering of
web users. It aims to provide solutions because this method
presents some disadvantages when applied to web data. To
this end, a new clustering model is proposed based on
sequential patterns and rules.
As part of a comparative study of performance, this article
compares the performance of a proposed approach with the
performance of the popular partitioning k-medoid algorithm.
This study is carried out through a set of evaluation measures
that allow evaluating the quality of the generated clusters in a
minimum time.

II.

Problem

Depending on how the clusters are formed and the types of
processed data, five types of approaches have been proposed
such as: hierarchical approach, partitioning approach,
designed approach for high dimensional data, designed
approach for categorical data, and Grid-based approach. [1]
[2]
Among these approaches, the popular method is the
partitioning method which subdivides objects into a number of
classes by using an iterative optimization strategy whose
principle is to generate the initial partition. The partitioning
method improves progressively by allocating data from one
class to another. Indeed, each object is assigned to the closest
center by calculating the distance measure with the proximity
between the centroid and the object. Thereafter, the new
centers representing groups are recalculated. [3] [4].
The algorithms for this method have the advantages to be:
easy to understand and to implement, to be fast, to have a low
requirement in memory size, and to be applicable to any type
of data. The algorithms used in this method are: the k-means
[5] algorithm, the k-medoids algorithm [6] and the EM
algorithm [7]
Among these two methods, this article is based on the
principle of the partitioning method to build a clustering
model of web users. However, its principle as it appears to be
unsuitable for web data for the following reasons:
The final partition depends on the initial partition due to
the random selection of the k initial points that can
generate a bad partitioning. These algorithms need to run
multiple times with different initial states to obtain better
results. In each initialization with a defined number of
clusters, there are different solutions that can be away
from the optimal solution. Then, it eventually becomes
necessary to run these algorithms multiple times with
different initializations and retain the best regrouping
data. The use of this solution is limited because of its very
high cost in terms of time calculation; the memory space
and the number of steps as the best partition can be
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-

-

obtained after several runs of the algorithm. These
limitations make the application of these algorithms
unsuitable on the large data bases.
The calculated distance’s measure between the cluster
center and the affected object in partitioning approach
seems inappropriate on the web data. Indeed, this distance
is insufficient since it doesn’t take into account the
similarity between calculated objects, nor does it reflect
the order of the items in the sequence. The cluster
centroid, which is its representative in any way, reflects
the behaviour browsers from the pages component and the
cluster which is an aligned sequence.
The partitioning algorithms can generate groups at risk of
becoming empty during the regrouping process.

Among these partitioning algorithms, the k-medoids algorithm
is considered as the most important algorithm in the
partitioning approach. In the k-medoids algorithm, a class is
represented by one of its points, which is called medoid. Such
a representation has got two advantages: it adapts to any
attribute type, besides, the medoid is chosen as a fraction of
the predominant points in a class, so it does not become
sensitive to outliers. Once the medoids are chosen, the classes
are defined as the subsets of points close to the corresponding
medoid and the objective is to minimize the distance between
points labelled to be in a cluster and a point designated as the
center of that cluster. It uses Manhattan distance to define the
distance between data points.
The k-medoid algorithm follows the steps:
1. Initialization: it randomly selects k of the n data points as
the medoids
2. Assignment step: it associates each data point to the closest
medoid.
3. While the cost of the configuration decreases:
For each medoid m, for each non-medoid data point o:
- Swap m and o, recomputed the cost (sum of distances of
points to their medoid)
- If the total cost of the configuration increased in the previous
step, undo the swap.
The k-medoid algorithm repeats alternating steps 2 and 3 until
there is no change in the assignments.
[6].
III.

Related works

Based on the implementation of the k-medoids algorithm,
several works have been done:

path are independent given cluster. The second scenario uses
Markov chains that represent the navigation paths of users
c l u s t e r e d using the EM algorithm in order to predict
subsequent pages.
In [9], authors propose a model of web navigators clustering
based on Markov chain and on EM algorithm to discover
semantic relationships between pages and users of each cluster.
Each cluster in a Markov chain is composed of users’ session
that represents a behavior described by a single Markov chain.
The assignment of user’s session to a cluster is done by EM
algorithm. To determine the clusters number, authors propose
to use several probabilistic criteria (Bayesian criteria) where
each cluster is generated from its own probability distribution.
In [10], authors illustrate a new method to extract navigation
patterns by using an aligned sequence method. This method
partitions a trace of navigations according to the order of
required pages and administrates the problem of sequences
clustering of different sizes on which is based the distance
count. Experimental results are compared with a method
based on the Euclidian distance that does not contain any
information on the sequence.
In [11], authors propose an effective modification of k-means
partitioning algorithm for the web sessions clustering. This
clustering is effectuated by the distance function based on the
vector of varying length of sessions. The order of visited
pages is not taken into account in session’s comparison. In
this algorithm, the alignment number is considered for
determining the distance between sessions.

IV.

Proposed approach

The proposed approach tries to improve the
performance of partitioning algorithms. It aims to eliminate
random and iterative selection of the clusters number and to
propose a new function to assign the object at the most
appropriate cluster. To measure the quality of a clustering and
achieve a good data partitioning, several functions have been
suggested: the entropy, the intra-class inertia and the interclass inertia [12] [13].
A good data partitioning is obtained by minimizing the
entropy function, and by maximizing inter inertia (minimizing
intra inertia). The proposed clustering model is based on the
extraction of sequential rules from the sequential patterns
technique.
In order to understand better the proposed approach, we
present its principle as follows:
Brute log file

In [8], authors employ the EM algorithm in two clustering
scenarios, for the construction of predictive Web Usage
models. In the first scenario, user navigation paths are
considered members of one or more clusters, and the EM
algorithm is used to calculate the model parameters for
each cluster. The probability of visiting a page is estimated
by calculating its conditional probability for each cluster. The
resulting mixture model is named Naive Bayes mixture model
since it is based on the assumption that pages in a navigation

Processed log file

Generation of sequential
patterns

Generation of sequential rules

Evaluation and regrouping
of sequential rules

Determination of similarity
measure to affect users
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Determination of clusters
number

A. The Cleaning of the log file
The format of the web log files as presented in the form of a
brute text file is unsuitable for a direct analysis by the various
data mining techniques. The Cleaning and the structuring steps
are necessary before any desired analysis. The preprocessing
of the data consists to:
- Pre-processing step
The first step is to clean the log file by deleting:
- Unnecessary requests, namely Invalid queries whose
status is less than 200 or greater than 399. This status
indicates an informal message, a success, an error on the
client’s side or server’s.
- Requests from web robots with unknown IP addresses,
image requests and Scripts
- Requests whose method is different from <GET>. The
GET method is a query in which the server processes the
request and returns the contents of the object.
- Data structuring step
The second step consists to structure the log file to identify
users and sessions:
- Identification of sessions: A session is composed of a
sequence of requests that are sequentially ordered in time
performed by the same user during a period of time.
During this processing, the sequences composed of a
single request are not considered and are eliminated in the
pre-processing phase because they don’t represent any
interest for this analysis.
- Identification of users: The identification of the user can
be done by his login and password, cookie, or by the IP
address. We consider that two requests from two different
IP addresses belong to two different sessions so they are
performed by two different users. However, the inherent
limitation to this method is the confusion produced
between two different users using the same IP address can
produce.
B. The generation of sequential patterns
To extract these patterns, several algorithms have been
proposed which are based on time parameters such as the time
window, the minimum and maximum duration that offers
greater flexibility and significantly reduce the space of
transactions. [14] [15] [16].
Among these algorithms, there is: the Prefix tree algorithm
[4], the Generalized Sequential Patterns algorithm [17], the
Prefix Span algorithm [18], the Sequential Pattern Mining
algorithm, and Spade algorithm [19].
In fact, we are interested in the Spade algorithm, for the
following reasons:

- The Spade algorithm requires only a single reading of the
database in order to represent the sequences as the lists of
occurrences in the central memory.
- The Spade algorithm is based on the common prefixes of the
sequences, so it groups together the sequential patterns by
equivalence classes and thus decomposes the problem into
sub-problems, where each equivalence class can be treated
separately.
- Unlike the PSP and GSP algorithms which are level search
algorithms, SPADE does not depend on I / O operations in the
support count phase that triggers a read of the entire database.
These characteristics therefore reduce the memory space and
the response time of the SPADE algorithm.
C. The generation of sequential rules
In the extraction of sequential rules from these patterns,
ordering of events must be taken into account to reflect the
order of the events that compose the rule. Based on this set of
rules, the study of quality measures is essential to evaluate the
quality of the generated rules and assess the association rules
having the same interest. An extracted rule must satisfy the
support and confidence measures which are mostly used as
basic measures. The support measure remains a heavily used
measure for algorithmic reasons; it's really difficult to do
without the support measure during the exploration phase of
the itemsets trellis whose role is to restrict the search space in
the trellis of itemsets.
However, the confidence measure makes sense intuitively,
which is a major advantage when presenting a set of rules to
expert because the conditional probability of the conclusion
knowing the premise makes reading more directly. In addition
to the great interest in the support and confidence measures as
extraction criteria, these functions have a concrete sense of
comprehension and are fully absorbed by the non-specialist
user.
However, both measures have some limitations since the
algorithms that use them to generate a very large number of
rules that are difficult to manage and many have less interest.
The condition of the support removes the rules having a small
support while some may have very strong confidence and can
present a real interest. To sum up, the support and confidence
measures appear insufficient to measure and to evaluate the
quality of the generated rules. To overcome the weaknesses of
these measures, it must consider other measures to evaluate
the quality of rules. For this reason, several criteria to define a
good quality measures have been proposed and subsequently
different measures are available in the literature. Among these
measures, there are: [20]; Lift; Recall; Conviction; Pearl; Φ
coefficient; Pietetsky-Shapiro; Novelty; Centered confidence;
Loevinger; Sebag-Schoenauer; Index of involvement.
Among the criteria that a good measure must satisfy in a rule,
we cite: a measure must have a concrete sense and must be
easy to interpret. It must be sensitive to the appearance of
counter-example and favours the appearance of examples of
the rule and allow the user to tolerate some counter-example
while maintaining the interest of a rule. It must be sensitive to
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the size of the data, as it should not lose its discriminatory
power when the data size becomes large enough. It must also
be used with a pruning threshold to remove all rules that do
not interest the user and should be used with a pruning
threshold.
None of these measures simultaneously satisfy all these
criteria. This is why; the problem of research of quality
measures to discover the most relevant rules remains largely
open. The choice of measures specifically depends on the
application domain and on processed data type.
D. The determination of clusters number
The partitioning algorithms select randomly a number of
clusters and seek iteratively the optimal partition. These
algorithms converge in a significant number of iterations.
They start repeatedly to choose the distribution that provides a
better partitioning of data where a considerable loss of time
and of a large number of calculations. To overcome this limit,
this approach is based on the extraction of sequential patterns
to fix the number of clusters. The technique of sequential
patterns can extract a set of item sequences, commonly
associated over a period of time well specified and highlights
the inter-transaction associations to generating a set of
sequential rules.
As mentioned earlier several quality measures are mentioned
which are used to identify identical rules in the same interest.
Among all the properties (criteria) that a measure must satisfy,
authors have judged according to web application domain the
importance of some properties than others. This choice allows
us to remove some measures as: implication and index
Pietetsky-Shapiro measures because these measures depend on
the data size. Both measures vary from increasing way with
the size of the data and risk losing their discriminatory power
when the size becomes large enough. In this case, the size of
the treated web data should not intervene in the evolution of
the function.
After this, each chosen measure allows to calculate interest
rules. The approach proposes to regroup the rules which have
the same interest (quality) represented by a measure value
which characterizes the generated group. Each cluster will be
characterized by a single value obtained by this measure as
along with a number of rules to verify having the same
interest. To refine and to reduce the number of rules, it is
desirable to keep from this set just the non-redundant rules.
The minimum non-redundant rules are the most useful and
relevant rules, which must be presented to the user. A rule is
redundant if it conveys the same information or a less general
information that the information conveyed by another rule of
the same utility and the same pertinence. An association rule r
isn’t a minimal redundant if there isn’t another association rule
r' having the same support and the same confidence, whose
antecedent is a subset of the antecedent of r and the
consequence is a superset of the result of r.
E. The proposition of a new similarity measure to assign an
object
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In the partitioning algorithms, the cluster is represented by its
centroid. However the centroid of cluster in any way reflects
the behaviour browsers from the point of view pages
component the cluster which is an aligned sequence. For this
reason, the new representative center is calculated by
summing the occurrences of user’s items belonging to the
same cluster which indicates if the page is visited or not by the
user. These sequences constitute the new representatives of
groups.
The partitioning algorithms use the distance function (for
example Euclidean, Jaccard, Manathan) to assign an object to
the nearest center that proves unsuited to web data. For this
reason, the proposed approach uses the similarity measure that
is dedicated to sequential patterns which are:
- Ordered sequences of items and not of items.
- The positions of the itemsets in temporal order when
calculating the similarity should be taken into account
- The number of common items in the sequence should be
taken into account
By taking into consideration these criteria, the proposed
similarity measure follows these steps:
- The order of itemsets when calculating the similarity is
obtained through the verification of sequential rules that
represent the itemsets sequences and therefore the
apparition order of the items compared to the temporal
identifier.
- The similarity measure reflects the relationship between
the items constituting the web object.
- The number of common items obtained by the
intersection between the sequences representing the object
to classify and the sequence representing the cluster
center.
Concerning the affectation of items to the most appropriate
cluster, the first object is assigned to each cluster by verifying
the most of its non-redundant rules to avoid getting the empty
clusters at the end of the partitioning. The assignment of the
remaining objects is achieved when respecting these criteria:
- The object must verify the maximum non-redundant rules
of this cluster.
- The similarity measure between the object and the cluster
center must be the greatest.
This algorithm stops when all objects are affected. At the end
of its execution, each generated cluster is characterized by a
set of sequential rules defined by the importance degree
measuring their interest via the items set of this cluster.
Once the model is built, it will be necessary to evaluate the
clustering result via the evaluation measures of generated
clusters. The best retained partition will be the one that
minimizes the intra inertia and the entropy and that maximizes
the inertia inter. In the case where these criteria are not
simultaneously checked in the same partition, we propose to
calculate the difference between two partitions and choose the
partition guaranteeing the maximum deviation based on the
following heuristic: formula

V.

generate the smallest inertia and entropy and the largest inter
in a minimal execution time compared to other measures.

Implementation

The k-medoids algorithm and the proposed algorithm are
implemented in Java by using a log file which is exported
from the university server of science and technology of Oran
(Algeria) in 2013.
The initial log file contains 14500 navigations. The cleaning
and pre-processing phase obtained a cleaned and processed
log file of 9630 navigations. However, after the data
structuring phase, we have identified 700 sessions, each of
them represents a set of requests ordered sequentially in time.
F. Implementation Step
Once the log file is processed and ready to be used, the
implementation process is based on three major elements
Mea-sure
Threshold
Number
of
non-redundant
wherein these
algorithms
attempt
to Total
minimize intra
inertia
clusters
number of
number of
(maximize inter inertia), minimize the
entropy,
in
a
minimum
generated
generated rules
rules
execution time:
- The first step; aims to perform a comparative study of the
quality evaluation measures of generating sequential rules
Recall
Sup=0.2
9
219
204
and extracts
Conf=0.5 the rule that offers a good clustering of data.
The generation of frequent patterns requires fixing of
Sup=0.3
8
122
118
several
parameters including: minimal support, minimal
Conf=0.5
confidence. The values of these parameters are fixed after
Lift
Sup=0.2
7
219
204
several
tests and variations.
Conf=0.5
- The second step; serves to choose the good partition,
Sup=0.3
7
118
ensuring
good clustering
by the122k-medoids algorithm
Conf=0.5
which is run several times with different numbers of
Centred iterations
Sup=0.2
219 verifying the204
and clusters.8 The partition
quality
confidence
Con=0.5
evaluation measures of clusters is considered as the good
Sup=0.3
6
122
118
partition.
Conf=0.5
- The third step; serves to compare the results of clustering
Pearl obtained
Sup=0.2
219 obtained by
198the kby proposed 5model and those
Conf=0.5
medoids algorithm.
Sup=0.3
Conf=0.5

5

122

Comparing the generated partitions obtained by the Lift
measure, Recall measure and Conviction measure, the best
measure which guarantees the good data classification is the
Lift measure. This measure verifies the quality measures of
the clusters in a minimal execution time

Number of
iterations

Intra
Inertia

2

2093,47

2
2

117

G. Execution of proposed algorithm
Sup=0.2
9
219
183
Conf=0.5
Concerning
the minimum values of the support and
confidenceSup=0.3
thresholds, we 8have varied the
support
122 value of the112
Conf=0.5
between [0.2,
0.3] and fixed the value of confidence at 0.5.
These values
allow generating
all the frequent
motifs 187
and the
Φ
Sup=0.2
5
219
set of generated
coefficient
Conf=0.5 rules having a support and a confidence
superior Sup=0.3
to the minimal
support 122
and to the minimal
4
112
confidence.
The obtained results are represented in TABLE I
Conf=0.5

Conviction

Sebag

Sup=0.2
Conf=0.5
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219
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- For min-support=0.2 and min-confidence=0.5
122
AccordingSup=0.3
to the TABLE4 1, we can certify
that the112
quality
Conf=0.5
measure allowing
the good partitioning of data is obtained by
the Lift measure.
generates
Loevinger
Sup=0.2 This measure
6
219 the smallest
192inertia
Conf=0.5
and entropy
and the largest inter in a minimal execution time
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to other measures.
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2003,28
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21982004,73
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Execution time
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2103,27
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31,70
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same TABLE
1, we
that the
quality measures allowing the good partitioning of data is
Sup=0.3
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122
118
obtained by
Recall and Conviction
measures.
These measures

Novelty
Sup=0.2
AccordingConf=0.5
to the
Conf=0.5

TABLE I: Evaluation of the clusters quality measures by the proposed algorithm
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H. Execution of K-medoids algorithm
For a more detailed experiment, the number of clusters is
varied for each launching. This algorithm is executed several
times to the same number of clusters by taking the average of
the results represented in the TABLE II

According to the TABLE II, the best partition generated by the
k-medoids algorithm is obtained by the number of clusters= 18
because it generates the smallest inertia and entropy and the
largest inter comparing to other partitions.
Beyond the number of clusters 18, it can be seen a stability in
the generated partitions for the evaluations measures. The kmedoids algorithm requires 7 iterations to segment the data.

Numbe

Number

Intra

Inter

r

of

Inertia

Inertia

of

clusters

Entropy

Execution
(Second)

s
2

7

10491.44

343558.85

1.36

654.66

3

7

11238.02

247067.78

2.58

668.45

4

7

9468.09

215383.68

1.92

689.37

5

7

642.75

207673.29

1.69

674.23

6

7

7258.16

246107.17

2.98

693.45

7

7

8416.24

260536.28

1.61

623.64

8

7

6204.27

231782.04

2.94

608.75

9

7

7698.37

289089.48

3.57

662.96

10

7

7150.82

98684.50

2,39

665.32

11

7

8801.87

317734.06

1.92

667.56

12

7

9301.80

332137.05

2.83

609.75

13

7

8866.82

929553.95

1.89

14

7

9197.96

1100838.55

1.82

VII. Conclusion
This article proposes a new clustering model based on
sequential rules in the Web Usage Mining. On the web data
partitioning, the performance of any clustering algorithm is
based on the similarity measure and on the number of
determinate clusters that are the key to success of any
clustering algorithm.
The proposed approach develops a new clustering
algorithm which is based on the partitioning method of the
clustering technique and also based on the Spade algorithm for
the generation of sequential patterns. These patterns allow
generating a set of sequential rules to be subsequently grouped
according to their interest and evaluated through the quality
evaluation measures of association rules.

time

iteration

Comparing the best partition of the k-medoids
algorithm and the proposed algorithm, the results show that
the proposed approach verifies theses criteria:
- The inertia intra and entropy calculated by proposed
approach are smaller than these calculated by k-medoids
algorithm
- The inertia inter calculated by proposed approach is
higher than that calculated by k-medoids algorithm
- The time classification calculated by proposed approach is
less than that calculated by k-medoids algorithm

To validate this approach, k-medoids algorithm and the
proposed approach have been implemented for a comparative
study of the performance according to the quality evaluation
measures of obtaining clusters for each partition. This article
compares the quality of obtained clusters of these algorithms
and concluded that the proposed approach offers a better
partition of data in a shorter running time.
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Abstract—— plants are of great importance in human life,
they are useful in many field such as industry, medicine,
agriculture, etc. Plant identification is not a trivial task and
presents challenges even for specialists. In this paper, we present
an automatic leaf classification system based on a serial
combination of two classifiers, namely: Linear discriminate
analysis and Naïve Bayes. Our system is consisted of two stages,
at the first stage, NB classifier attempts to determine, with a reject
option, the class that a given sample is belonging to. If the
confidence score yielded by NB does not exceed a certain
threshold, then the sample will be passed through another
classification task using LDA classifier. Our system has been
evaluated using the well-known Swedish dataset. Experimental
results indicated that the serial combination of the classifiers has
shown better performance than those obtained using only one
classifier.
Keywords— plant leaves; Morphological features; serial
combination; classification.

I. INTRODUCTION
Computer vision is a rapidly growing field. Therefore,
Image classification and recognition tasks gained a lot of
interest due to the increasing computing capabilities of
modern computers. Plant leaf classification became a hot
research topic [1] in recent years. Many industry fields
benefit from these researches such as medicine, economic
agriculture, etc.
The classical plant classification depends mostly on
manual recognition using molecular biology and cellular
features of leaves. However, the huge number of species that
exist in the world makes classification through experts and
botanists subjective, slow, difficult, and sometimes not
accurate [2]. Subsequently, an automatic plant identification
system that facilitate and accelerate the process of
identification is highly needed.
Plants are usually recognized using their leaves, stems,
fruits or flowers. Leaves seem to be the most suitable parts
that can be used to identify a plant. This is due to their
availability in all seasons. In addition, leaves flatness makes
it easy to be represented by the computer in 2D.
Because of the improvement achieved in machine
learning, the automatic identification of plants has become
possible. So far, researchers have done a lot of work
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Pedro et al. [2] have presented an approach to identify
medicinal plants such as herbs, shrubs and trees
automatically. As a classifier, they have used Artificial
Neural Network (ANN) and Support Vector Machine (SVM).
Hariri et al. [3] presented a system based on Random Forest
(RF) and Linear Discriminant Analysis (LDA) algorithms for
identifying different types of plants using feature
combination,
experimental results showed that LDA achieved a
classification accuracy of 92.65 %. Wu et al. [4] introduced a
system to classify 32 plant species by extracting 12 visual
features from the leaf. KNN classifier has been trained with
1800 leaf images and achieved an accuracy of 93 %(1-NN),
92 %(4-NN)
In literature, most works have opted for only one
classifier. Thus, some recent works have tried to improve the
results by combining more than one classifier.in recent years
multiple classifier system have attracted more attention for
researchers and have been successfully applicate in several
domain such as Arabic handwriting and face recognition and
so on. In the domain of plant classification [5], authors
present a system based on the serial combination of two
SVMs. The idea was to devote one classifier for color
features and the other one for both shape and texture features.
Their evaluation has been carried out on a dataset that
contains six plant diseases. The experimental results have
reported an 87.7% accuracy.
Multiple classifier system is categorized into parallel and
serial approach in the first one all the classifiers are operated
independently than the results are fused where in the second
one the classifier are operated in the series.
In this paper, we introduce a system that combines two
classifiers sequentially, namely LDA an NB. As features, we
consider extracting shape and texture features (i.e.
Morphological and LBP) from the leaf images. The
evaluation of our system has been undergone the well-known
Swedish dataset. More details about the proposed system will
be given in the next section.
The rest of the paper is organized as follow: section 2
presents the scheme of our system and discusses the used
features. In Section 3, we conduct experimentations on the

277

proposed system and report results. Finally, we give some
conclusions.

II. PROPOSED METHOD

In this section, we explain our proposed method for leaf
identification that consists of two main phases : feature
extraction and classification. At the first phase we extract o
type of features from the leaf image, the first type is texture
features (LBP) and the second types shape features
(Morphological). At the second phase, we train the first
classifier with LBP and the second classifier with
Morphological features. Finally, the tested images are passed
on a serial combination of the two classifier in order to yield
the global response. Fig. 1 illustrates a general scheme of our
system.
Fig. 1. Scheme of the proposed system

In our method, we
morphological features:

extract

the

following

five

1.

Diameter: is the longest distance between two points
of the leaf contour D.

2.

Area: is the number of pixels that constitute the area
of the leaf.

3.

Major axis length: is the distance between two
terminal points orthogonal to minor axis length LP.

4.

Minor axis length: is the longest distance orthogonal
to major axis length WD.

5.

Perimeter: the number of pixels at the margin of the
leaf P.

In addition, and based on these features, we extract
another set of digital morphological features that were
introduced by the authors of [6] which are:
1.

Aspect Ratio: is defined as the ratio of major axis
length LP to minor axis length WP. It is also called
Eccentricity or Slimness. It is given by Aspect
Ratio=LP/WP.

1.

Perimeter Ratio of Physiological length & width:
this feature is the ratio of perimeter leaf and the sum
of major and minor axis length, given by
PRPW=P/(LP+WP).

2.

Perimeter Ratio of Diameter: it is the ratio of
perimeter to the diameter, given by PRD=P/D.

3.

Rectangularity: The similarity between the leaf and
a rectangle, given by R=(Lp*Wp)/A.

4.

Narrow Factor: the ratio of the diameter D and
length Lp (i.e., NF = D/Lp).

5.

Circularity: The ratio involving the area A of the
leaf and the square of its perimeter P, given by C =
4πA/P2.

6.

Solidity: The ratio between A (area) of the leaf and
Ach (area of a convex hull), given by S = A/Ach.

A. Feature extraction

The features extraction stage consists in transforming the
segmented image into a vector of numeric values. The
adopted features include LBP that is regarded as a powerful
tool for extracting robust features from texture images, and
Morphological features that describe the shape of leaf.

1.

Morphological Features:

In this stage and after having the original image
transformed into binary, we extract a set of shape features
that describe the morphology of a leaf. Morphological
features are obtained by extracting the basic geometrical
properties [6] of the leaf such as: diameter, area, perimeter,
major and minor. Fig. 2 shows an example of some
geometrical features extracted from a leaf image.
Fig. 2. Basic geometrical features
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Fig. 3 shows some of morphological features.

(1)
The naive Bayes classifier requires a small amount of
training data to estimate the necessary parameters (means
and variances of the variables) for classification. Because
independent variables are assumed, only the variances of the
variables for each class are need to be determined and not
the entire covariance matrix.
2. LDA (Linear Discriminant Analysis):
2.

LBP (local binary pattern):

Local Binary pattern (LBP) was firstly introduced by
Ojala [7] and Pietkain as a statistical approach. A very small
local neighborhood (patch) of a pixel is used to calculate a
feature vector. The LBP operator labels the pixels of an
image by thresholding the local neighborhood around each
pixel and considering the result as a binary number. Fig 4
illustrates an example of computing LBP in a 3 × 3
neighborhood by comparing the intensities of the eight
neighbors around each pixel with the intensity of the center
pixel.
Fig. 4 example of LBP.

Linear Discriminant Analysis (LDA) is a commonly used
technique for data classification and dimensionality
reduction. Linear Discriminant Analysis easily handles the
case where the within class frequencies are unequal and their
performances have been examined on randomly generated
test data. Its basic idea is to find a linear transformation that
best discriminate the classes, and then classification can be
performed in transformed space based on some metrics such
as Euclidean distance. [3]. Mathematically, LDA
implementation is carried out via scatter matrix analysis. For
all samples of all classes, two measures have been defined as
follows:
Within-class scatter matrix is defined by the following
formula :
=

LBP=0*1+1*2+1*4+0*8+1*16+1*32+1*64=118

(2)

Between-class scatter matrix, which is defined by the
following formula:
=

B. Classification
Image classification is the process in which images are
recognized, differentiated, and understood. The classifier,
firstly, is trained with a set of labeled data (i.e., training
set). Then, test samples are provided to the classifier in order
to be assigned to the appropriate class.
In our work, the feature vectors, which are extracted in
the previous phase, will be used to train our system. It
consists of two stages, in the first stage we adopt NB [8]
classifier and in the second one we use LDA [9]. Serial
approach [10] is used to combine the classifiers, which
consists in positioning the classifiers one after the other. The
successive organization of classifiers permit to either
improve the decision taken at the previous stage or leave it
as it is.
In our work, the recognition process may undergo one or
two stages. If the first classifier has yielded a decision that
exceeds a certain threshold, then no second classification
stage is needed. Otherwise, if the decision is below a certain
threshold, then the sample must be fed to the second
classifier in order to improve the decision.
The utilized classifiers are presented below:
1. NB (Naïve Bayes):

(

(

(3)

C. Serial combination
The principal of Serial combination is to put classifier
one after other in multi stage way. Hence, at each stage there
is only one classifier classifying the patterns. There are two
basic categories of serial combination: class set reduction
and reevaluation approach.in the first categories, the number
of possible classes is reduced continuously in each stage,
while the second categories require reevaluation of the
patterns, which are rejected at the preceding stage. The
decision either accepts or reject it is based on below a predefined threshold

III. EXPERIMENT
In order to evaluate our system, we have used the wellknown Swedish dataset [12] that contains 15 classes with a
total of 1125 images. Figure. 4 shows a representative sample
from this dataset.

Naive Bayes classifiers [11] are family of simple
probabilistic classifiers that apply Bayes' theorem with
strong (naive) independence assumptions between the
features.
Let x be a data sample whose class label is unknown and let
c be some hypothesis, then.
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system is based on a sequential combination of two
classifiers namely LDA and NB.

Fig. 4. Samples of Swedish Dataset

In order to create discrimination of the response between
classifiers, the first classifier has been trained with a local
binary pattern features and the second with Morphological
features that describe the shape of the leaf. Our system has
been evaluated using the well-known Swedish dataset.

In this experiment, the first 25 images from each class are
devoted for the training and the rest are for the test.

evaluating each classifier separately, we have found out
that LDA and NB has yielded approximately the same
results. We have then evaluated a serial combination of
classifiers where the result indicated better performance.
Other types of classifiers should be sequentially combined
and examined for leaf classification.

In this experiment, the first 25 images from each class are
devoted for the training and the rest are for the test.
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From Table 1 we can see that the results that have been
yielded by NB and LDA are approximately the same.
After evaluating each classifier separately, we evaluate
the combination of the two classifiers using a threshold of
80%.the values of threshold according to our experiment is
fxed during the training phase. The obtained results are
shown in Table. 2.
Table 2. Accuracy results using classifier combination
Classifiers

Average accuracy%

LDA+NB

71.33

As Table.2 shows, combining classifiers sequentially has
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Abstract— The technology of Automatic Speech Recognition
(ASR) can be embedded in hand-held devices or reached
remotely through the use of server-based speech recognition
approaches. We design and implement a ubiquitous speech
recognition application for the Arabic language. We select a
network-based model for the design and the deployment after a
comparison made between speech recognition techniques. We
analyze the performance of Arabic speakers through the Arabic
speech corpus of isolated words. The experimental results are
encouraging to improve the accuracy and efficiency of the
proposed system despite the environmental challenges and
degradation due to speech coding, the channel itself and the
noises affecting speech recognition performance.

Keywords—ubiquitous
computing;
recognition, network speech recognition

I.

automatic

speech

Introduction

The prevalence of mobile technologies and devices such as
smartphones and wearable devices increases the interest
towards speech recognition applications in everyday lives. The
technology behind that tremendous progress is the ubiquitous
computing which encourages automatic speech recognition to
be accessible everywhere, transparently without thinking and
every day. Therefore, challenges will affect the performance
of classical automatic speech recognition (ASR) systems. The
main motivation of this work is the investigation of the remote
ASR systems and their use as ubiquitous systems.
An automatic speech recognition system converts speech
captured signal to a sequence of words. The ASR systems are
based on statistical pattern recognition models particularly
Hidden Markov Models (HMMs) [1]. From a speech signal,
we extract feature vectors that represent the observation data
Y. The word sequence Ŵ is obtained through Bayesian
decision rule:

The P(W) is the prior probability of observing some
specified word sequence W and is given by a language model.
P(Y|W) is the likelihoods, probability of observing the
speech data Y given the word sequence W, it is determined by
an HMM acoustic model.
Several research works focused on Arabic continuous
speech recognition. In [2], an Arabic built speech recognition

Toufik Sari
Computer Science Department
Annaba, Algeria
toufik.sari@univ-annaba.org

system based on Sphinx 4 open source. The resulted system
used acoustic model, language model and the phonetic
dictionary for the Arabic digits (0...9). Abushariah et al. [3]
designed and implemented a high-performance natural speaker
independent ASR system. The Main parts of ASR system are
influenced by the ubiquitous computing technology.
Mark Weiser introduced the concept of ubiquitous
computing in (1991) [4] where services and information are
accessible by users everywhere, at any time. The ubiquitous
technology reaches several fields and applications, such as
healthcare, smart houses and language learning. In [5], a
ubiquitous health monitoring solution and well-being for the
overwhelming problems of the healthcare system is presented.
The proposed system integrated wearable and environment
sensors to survey weight, physical and heart activities. Kumar
[6] developed a system which controls and monitors smart
house environment. The system contains an android
application which communicates with a micro web server
using voice activation. Another example introduced in [7], a
cloud-assisted speech recognition service (CSR) based on
distributed speech recognition (DSR) model. The CSR
framework uses servers in the cloud to improve the accuracy
and the speed of ASR. Moreover, a ubiquitous ASR
application for Mixtec Language used for translation between
Mixtec and Spanish as in [8].
Arabic ubiquitous speech recognition systems are almost
nonexistent. Qidwai and Shakir [9] designed a ubiquitous,
effective Arabic voice control device for disabled people
based on continuous speech recognition. The central
motivation for this work came from the rarity of researches
related to ubiquitous Arabic speech recognition, encouraging
us to work on the design and implementation of such system.
We propose a ubiquitous speech recognition system based
on network speech recognition (NSR) model for the Arabic
language. The system provides a client/server design
architecture. The client-side mobile application captures audio
data and transfers it to a connected server which process data
across wireless communication. This application will be used
for developing a future large vocabulary ubiquitous speech
recognition system for the Arabic language.
The remainder of this paper is organized as follows:
Section II describes the different speech recognition models
used for the deployment of ASR applications, their advantages
and disadvantages. In section III, a ubiquitous computing
application based on (NSR) is described. In section IV,
practical issues are presented. Finally, a conclusion is drawn.
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II.

Automatic Speech Recognition
Models

A. ASR Models
There are three approaches to deploy ASR applications:
Network Speech Recognition (NSR), Distributed Speech
Recognition (DSR) and Embedded Speech Recognition (ESR)
models. For embedded speech recognition (ESR), the demand
of resources is considered as an obstacle because of the
scarred consumer devices resources, this downside represents
exactly the benefit of a remote automatic speech recognition
that has an advantage in term of available resources.
The speech signal is always captured on the client side and
the application can reside on the client or on the server,
however, the distribution of other remaining components
follows the three approaches according to some factors
including the resource availability, the complexity of the
components and the application location. The deployment of
an ASR in devices and networks enables a flexible
architecture.
Fig.1 represents the typical architecture of an ASR system,
from speech signal capturing to feature vectors extraction
front-end to back-end speech recognition decoding.

In our application, we choose the architecture of network
speech recognition.

Ubiquitous Computing
Application based on NSR Model
III.

One of the motivations for using the architecture of NSR
instead of DSR and ESR is the simplicity to update the ASR
systems at the server side. In [3], authors conclude that NSR
performance is comparable to DSR when using the AMR
modes coder for speech compression. NSR enables plug and
play of the ASR system on the server side without changes on
the client devices.
Network speech recognition (NSR) is identified by the
location of both feature extraction and ASR search in the
server-side while the speech signal is captured in the clientside as shown in Fig .2. Sometimes NSR is referred to a cloud
speech recognition system. Network and cloud-based speech
recognition systems can be used in developing regions where
the terminals are low-resources cellular phones according to
[11]. No need for increased resources in client-side because
the central server is responsible for feature extraction and
searching process. Fig. 2 presents a ubiquitous network speech
recognition system for the Arabic language inspired from [8].
One of the disadvantages caused by this approach is the
performance degradation of the recognition process due to the
use of low bit rate codecs for encoding speech, which becomes
more severe when data transmission errors occur and in case
of noise background [12]. Another issue of this mode is that it
should serve requests that come simultaneously from clients.
To overcome these limitations, we consider the G.711 codec
as the speech compression algorithm.

Fig. 1.

Typical ASR architecture (from [10].)

The front-end processing is less resource demanding,
however, the back-end requires more resources because of a
huge number of parameters calculated for the acoustic model.
The HMM-based back-end needs more computational
resources like memory and CPU speed. The decoding process
also needs a substantial amount of CPU resources and a speed
memory access for searching the most likely sequence of
words.
B. Speech Recognition Application Deployment
The deployment of ASR application in an embedded
system defer to deployment in a network-based architecture.
The obstacle of the lack of resources in embedded speech
recognition (ESR) represents the benefit of using remote ASR
which can be a distributed or a network according to the
position of feature extraction. Speech signal quality and (noise
and channel) robustness are important parameters for choosing
DSR while the wide deployment of high-quality speech coders
makes NSR a favourite.
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Fig. 2.

A ubiquitous network-based ASR system for Arabic
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This application contains:


The core ASR system deployed in the server side
using the open source Sphinx 4 and models including
acoustic, language model and the dictionary.



Client mobile application that captures the user's
voice and sends it to the server to be processed.

A. Client Side
The client-based application is implemented using Android
Studio 2.3. In Fig. 3, the user connects to the server-side then
records his / her voice. The connection is made by java
sockets.

A. Speech Dataset
The used corpus is an Arabic speech corpus for isolated
words. The corpus has been developed by the Department of
Management Information Systems, King Faisal University
[14]. It contains 9992 recorded utterances of 50 speakers
pronouncing 20 words.
B. Speech Recognition
The speech recognizer was developed using the CMU
Sphinx toolkit [13]. To build an automatic speech recognizer
two components are required: Acoustic models and language
model. In this research, acoustic models are built on the basis
of the Mel frequency cepstral coefficients (MFCC)
representation of phonemes.
C. Performances
To test the ASR system performances, we compute the
Accuracy.

The word error rate (WER) score is computed by
comparing a reference transcription with the transcription
outputted by the speech recognizer. From this comparison, it is
possible to compute the number of errors which typically
belong to three categories: insertions (I), deletions (D) and
substitutions (S).

Fig. 3.

A ubiquitous network-based ASR system for Arabic

This mobile application mainly


Connects to the server which recognizes the audio
data,



Captures the speech of the client and compresses it,



Sends speech signal across wireless communication.

B. Server Side
The server contains the speech engine that recognizes the
transmitted voice from the mobile client according to speech
models (acoustic model, language model and a phonetic
dictionary). This is done using Sphinx 4 open source [13].
The server used for building our ubiquitous Arabic speech
recognition system is a laptop HP dv6, processor Intel CORE
I 5 and a memory size 8 GO. The server recognizes speech
and returns the result to the client mobile app.
IV.

N is the number of words in the reference transcription.
The performance of the proposed network speech recognition
application is depicted in Fig 4. Compared to the offline test,
there is a slightly a neglected deterioration in speech
recognition performance. The accuracy of speaker11 decreases
from 90% to 88.33% and that of the speaker2 decreases from
60% to 58%. Most of the other speakers preserve their
performance. The better performance is for speaker11
(88.33%), speaker7 (76.66%) and speaker13 (76.66%)
explained by the effect of the intelligible quality of
corresponding samples. The performance degradation is due to
the unintelligible samples and to the network wireless
impairments caused by the packet loss, wireless impediments
and the jitter factor.

Practical Issues

The system was implemented as previously described. We
evaluate the performances of this system in real life
conditions.

Fig. 4.
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Performance of the ASR system
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The accuracy over all the speakers reaches 64.33%.
V.

[9]

Conclusion

A ubiquitous speech recognition systems for the Arabic
language is critical for billions of internet users. The
deployment of ASR application in embedded systems defers
to deployment in a network-based architecture. The obstacle
of the lack of resources in an embedded speech recognition
model represents the benefit of using remote ASR which can
be distributed or network according to the position of features
extraction. Speech signal quality and (noise and channel)
robustness are important parameters for choosing DSR while
the wide deployment of high-quality speech coders makes
NSR a favourite.
This work presents the design and implementation of such
a system for mobile devices. The proposed system is based on
a network speech recognition model.
As a starting point, this paper presents some results that
will encourage as to
•
Improve the performance, accuracy and efficiency of
the ubiquitous ASR system.
•
Propose a future distributed speech recognition
(DSR) for the Arabic language which enables speech
recognition application via the web and compares it with
network speech recognition (NSR) application in terms of
efficiency and accuracy.
•
Build a ubiquitous Arabic speech recognition system
which recognizes words according to a large vocabulary.
•
Allow
connections.

simultaneous

and

concurrent

clients

•
Allow students to track and follow lessons made by
teachers from a speech mobile-based interface.
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Abstract—Recently, user identification is an essential foundation for protecting information in several applications. However,
the need for heightened this identification has expanded the
research to focus on the biometric traits of the users. Obviously,
one of the biometrics based behavioral characteristics advantage
is their simplicity of use as well as their acceptability by the
users. For that, among several behavioral characteristics, person
handwriting has been systematically used to make identification
for last years. Handwriting identification aims to determine which
person or writer has written a given text sample. In this paper, we
aim to design a Latin script identification system based on Local
Phase Quantization (LPQ) and then the obtained results are used
to constrict a biometric based person identification system. The
proposed method is validated for their efficacy on the available
CVL-Database of 310 writers. Our experimental results show
the effectiveness and reliability of the proposed method, which
brings both high recognition and accuracy rate.
Index Terms—Handwriting recognition, Biometrics identification, Security, Local Phase Quantization, CVL database.
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I. I NTRODUCTION

ENERALLY, at any language, great information about
writer’s personality and identity can be provided from
their Handwriting text. So, this information can be used for
construct an effectiveness system for identifying any writer.
Recently, writer identification has become an important and
active research area in document analysis and recognition community. In addition, the person handwriting represents a useful
biometric technique, which used in a variety of applications
covering such as forensics, digital rights management, crime
and terrorism. Generally, Writer Identification (WI) based on
their handwritten text is a behavioral biometrics due to the
fact that personal style of writing is a habit that is learnt and
refined from an early age. Thus, one of their advantages is
the simplicity of use as well as the acceptability by the users.
Handwriting identification aims to determine which person or
writer has written a given text sample [1], [2].
The analysis of handwriting and hand-drawn shapes has
been an interesting research area for many centuries that has
attracted a significant number of psychologists, graphologists,
palaeographers and forensic experts to solve a wide variety
of problems. Formally, given a set of handwritten documents
with known authorship, the writer identification task involves
finding the writer of a query document comparing it with the
samples in the database [3].

The challenges for (WI) and writer retrieval (WR) include
the use of different pens, which changes a person’s writing
style, the physical condition of the writer, distractions like
multitasking and noise, and also that the writing style changes
with age. The changing of the style with increasing age is not
covered by any available dataset and cannot be examined, but
makes the identification or retrieval harder for real life data
[4].
Literally, a handwritten based identification or retrieval
system can operate into two different way: on-line or off-line
handwriting. At this context, this research paper aims to design
an off-line handwriting identification/retrieval system. For the
design and evaluation of handwriting recognition algorithms
and systems, the availability of large-scale, unconstrained
handwriting dataset is very important. Among the off-line
sample datasets are IAM [5], RIMES [6]. Although most of
these databases have been developed using text in languages
based on the Latin alphabet, development of databases in
Chinese [7], Korean [8], Arabic [9], Farsi [10] and Indian
scripts [11] is also on the rise. The trend of multi-script
handwritten databases [12] has also been observed in the last
few years.
Feature extraction is an essential tasks in any pattern recognition application since a more accurate classification results
are directly depend on the choice of the feature extraction
techniques. However, the distinctiveness and unevenness of
the extracted features used to differentiate between different
handwritten images [13]. Thus, the objective of this work is
twofold: first, we aim to design a Latin script identification
system based on Local Phase Quantization (LPQ). second, the
obtained results are used to construct a biometric based person
identification system. The proposed method is validated for
their efficacy on the available CVL-Database of 310 writers.
Our experimental results show the effectiveness and reliability
of the proposed method, which brings both high recognition
and accuracy rate.
The remaining of this paper is organized as fellow: at the
first section, the proposed handwritten identification/retrieval
system is presented, nest section deals with the description of
used features extraction technique (Multi level Local Phase
Quantization ML-LPQ). the criterion’s that used to evaluate
the proposed handwritten recognition system are discussed in
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Training Phase
Handwritten training
image

Handwritten test
image

Preprocessing

Preprocessing

ML-LPQ

Handwritten
Templates

ML-LPQ

Classification

recognized writers text

Recognition Phase

Fig. 1. Block diagram of the writers identification/retrieval system using Latin Handwritten images based on ML-LPQ Features.

Preprocessing

ML-LPQ Feature Extraction

Fig. 2. Block diagram of the handwriting text feature extraction.

section 3 followed by a discussion on the different obtained
experimental results. Finally, Section 5 present the paper
conclusion with future works.
II. P ROPOSED M ETHODOLOGY
In this section, the description of the proposed Latin handwritten identification/retrieval system is presented where the
aim is to develop a system which is capable of identifying/retrieving an unknown handwritten image by providing a
likely list of candidates from a known database of writers.
The block diagram of the proposed system based on the Latin
handwritten script images is shown in Fig.1. For the training
phase, the handwritten training images are preprocessed and
normalized. After that, the feature vector for each input
images is represented by LPQ features.Next, all feature vectors
(extracted from all writers handwritten) are used to construct
the Handwritten templates database. For the recognition phase,
the same feature vector is extracted from the handwritten test
image and then it uses as an input vector in order to recognize
or to identify the writers of the handwritten document image.
III. F EATURE E XTRACTION
After a preprocessing phase applied on the text images, a
feature extraction phase is necessary to obtain some effective
features. The feature extraction module processes the acquired
Handwritten data and extracts only the salient information
to form a new representation of the data. Ideally, this new
representation should be unique for each person. In our work,
we propose to use the Multi-Level-LPQ (ML-LPQ) algorithm.
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A. Multi Level Local Phase Quantization (ML-LPQ)
The local phase quantization (LPQ) method is based on
the blur invariance property of the Fourier phase spectrum.
It uses the local phase information extracted using the 2-D
DFT or, more precisely, a short-term Fourier transform (STFT)
computed over a rectangular M -by-M neighborhood ℵx at
each pixel position x of the image f (x) defined by [14]:
F (u, x) =

X

y∈ℵx

f (x − y)e−j2πu

T

y

= wuT

(1)

where wu u is the basis vector of the 2-D DFT at frequency
u, and fx is another vector containing all M 2 image samples
from ℵx .
the handwritten document image is divided into n subblocks where n = 1; 2; 3; 4; ....,then the LPQ feature extraction
methods are applied to each sub-block, this method is called
multi block LPQ (MB-LPQ), in our work, based on the LPQ
method, instead of using single MB-LPQ division we use
Multi Level Local Phase Quantization (ML-LPQ). The main
idea of ML-LPQ is to extract features from different MB-LPQ
divisions and then combine them. In other words, extracting
features from the whole image, then dividing the image into
2 × 2 sub-blocks and extracting the features from each subblock and so on until we reach the intended level. The final
result of ML-LPQ is 12 +22 +...+n2 histograms. We combine
these histograms to get the feature vector. Figure. 2 resume the
ML-LPQ approach.

Fig. 3. Sample handwritten text from CVL Database (Writer ID 706,Text # 1).

IV. P ERFORMANCE E VALUATION
In this section, the description of the criterion that is used in
the evaluation of the performance of the proposed handwritten
writer’s identification/retrieval system is presented. Thus, For
each document, a ranking of the other documents according
to the similarity is generated. There the top N documents are
examined whether they are from the same writer or not. so, In
order to measure the accuracy of the proposed methodologies
we use the soft TOP-N and the hard TOP-N criterion. The
results are sorted from the most similar to the least similar
document image.
For the soft TOP-N criterion, one can defined as the
accuracy of at least one of the same writer is included in the N
most similar document images. Concerning the hard TOP-N
criterion, it is defined as the accuracy of all the N most similar
document images are written by the same writer.
The values of N used for the soft criterion are 1, 2, until
10 while for the hard criterion are 1,2,3 and 4. Since we have
5 document images per writer, 4 is the maximum value of N
for the hard criterion.
Furthermore, the CVL dataset has a retrieval criterion,
which is defined as the percentage of the documents of
the corresponding writer in the first N documents. For this
criterion the values of N are the same as for the soft criterion.
As it is mentioned previously, this research study has
twofold, the second part of this study is the conception of
a behavioral biometric system based on a Latin handwritten
scripts. So, considering the evaluation of the biometric system
the Equal Error Rate (EER) is used.

CVL Database is a public database for writer identification/retrieval and word spotting. The database consists of 7
different handwritten texts (1 German and 6 English Texts). In
total 310 writers participated in the dataset. 27 of which wrote
7 texts and 283 writers had to write 5 texts. For each text a
RGB color image (300 dpi) comprising the handwritten text
and the printed text sample is available as well as a cropped
version (only handwritten). An unique id identifies the writer,
whereas the Bounding Boxes for each single word are stored
in an XML file.
hereafter,samples of the following texts have been used:
• Edwin A. Abbot - Flatland: A Romance of Many Dimension (92 words).
• William Shakespeare - Mac Beth (49 words).
• Wikipedia - Mailüfterl (73 words, under CC AttributionShareALike License).
• Charles Darwin - Origin of Species (52 words).
• Johann Wolfgang von Goethe - Faust. Eine Tragödie (50
words).
• Oscar Wilde - The Picture of Dorian Gray (66 words).
• Edgar Allan Poe - The Fall of the House of Usher (78
words).
The last update of the database is done on 12/09/2013 since
one writer ID (265/266) was wrong. The version number was
changed to 1.1.
Figure 3 shows an example of a filled-out form. All pages
have a unique writer id and the text number (separated by a
dash) at the upper right corner, followed by the printed sample
text.

V. E XPERIMENTAL R ESULTS A ND D ISCUSSION
A. Experimental database: CVL Database
The proposed method is tested and validated on CVL
database from Institute of Visual Computing & HumanCentered Technology, Computer Vision Laboratory [15]. The

B. Assessment Protocol
As it is mentioned, in our test, we have used the CVL
Latin handwritten database, Since, each writer’s have at least
five document images. For the training phase, one image of
each writer’s is randomly selected. the other four images of
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(a)

(b)

(c)

Fig. 4. writer’s identification/retrieval results: (a) Soft Evaluation, (b) Hard evaluation, (c) Retrieval Evaluation
TABLE I : SOFT, HARD ET RETRIEVAL EVALUATION USING THE ENTIRE DATASET (%)

Soft
Hard
Retrv

Top 1
94.388
94.388
94.388

Top 2
96.903
85.742
91.323

Top 3
97.548
70.000
85.828

Top 4
97.935
40.129
77.032

Top 5
98.065
/
64.194

Top 6
98.129
/
54.925

Top 7
98.387
/
47.834

Top 8
98.581
/
42.435

Top 9
98.903
/
38.108

Top 10
98.903
/
34.594

each writer’s were selected for the test phase of the proposed
system.
Furthermore, the handwritten identification/retrieval tests
results are divided into two parts. First part presents the
performance of the ML-LPQ-based Latin handwritten recognition algorithm. For this, experiment was conducted using
the CVL database to identify/retrieve the writer’s of the text
image(based on the SOFT TOP-N,HARD TOP-N criteria).
In the second part, we present the performance of proposed
ML-LPQ method when we use the handwritten images as a
behavioral biometric modality. this part comport a discussion
of the performance of handwritten based biometric system.

The evaluation of the hard criterion are shown also in the
same Table,For the hard criterion similar results can be seen
like for the soft criterion. the ML-LPQ algorithm show a good
performance and high robustness, by giving a HARD TOP-1
equal to 94.388%.
Finally, based on the Soft and the Hard evaluation results,
These results can also be seen in the retrieval criterion, where
the proposed method achieves higher results compared to state
of the art of Handwritten based recognition methods(see Table
I).

C. Experiment 1: writer’s identification/retrieval results

In this experiment, the biometric identification system performance, reported in Fig. 5, is aimed to shows the advantage
of using Handwriting text as biometric modality, in this figure
we report the experimental results as a Receiver Operating
Characteristic (ROC) curve. Therefore, an experimental result
at the EER points show that this modality get the best
performance with a minimum Equal Error Rate (EER) equal
to 2.308% at the threshold To = 0.0313. The results from the
investigation in these results suggest that ML-LPQ method can
be effectively used to achieve superior performance than the
conventional features extraction and classification methods for
the Handwriting based biometric identification system.

In this part of experiments, the evaluation was done using
the soft TOP-N and the hard TOP-N. So, for every document
image of the database the distance to all other document
images is calculated and this distance is sorted from the most
similar to the least similar document image. Figure 4 give, the
soft, hard retrieval evaluation results.
The first evaluation is carried out on the Soft criterion, The
results for this criterion is presented in Table I. Starting from
this table, It can be seen that for the soft criterion, our proposed
method have a good performance. It is very effectively for
represent the modality features (Soft TOP 1 = 94.388%)
since the experimental results was performed on the cropped
CVL database. So, it will be contain less written text in the
image,the proposed method is very efficiency compared with
state-of-arts according to the obtained SOFT TOP-1 accuracy
which is the exact identification of the writer. Also, a high
Soft TOP 10 = 98.903%.
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D. Experiment 2: Handwritten based Biometric identification
System

VI. C ONCLUSION AND FUTURE WORKS
In this paper, a robust system for off-line Handwritten
Latin text writer identification has been proposed based on
a new feature descriptor called Multi Level Local Phase
Quantization(ML-LPQ). the experimental results was divided
into two subpart, the first subpart discuss the performance

Fig. 5. ROC curve: FRR vs FAR.
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of writer identification/retrieval system when using the CVL
Latin Handwritten script. the performance evaluation was
carried out by using two criteria : the SOFT TOP-N and the
HARD TOP-N, the obtained results show the efficiency of the
use of the proposed algorithm. The second subpart describe
the performance of a Behavioral Handwritten based biometric
recognition system. The performance and the evaluation of
the biometric system are tested throw the CVL database.
As a Future work, we will focus our research work on the
development of a new feature descriptor which its aims is to
outperforms the existed state of the art of Latin handwritten
recognition method, also we will focus on the development
of other new raised research area such as Arabic handwritten
recognition.
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Abstract—In this paper, we propose a new supervised
probabilistic-based method for object recognition.
Specifically, we conduct a process of supervised learning in
which each class is represented by Gaussian Mixture Model
(GMM). In order to group images having the same visual
appearance, we cluster images related to each class using kmeans. Probability density functions that correspond to the
resulting clusters are fused in a GMM representing the class
model, where Expectation-Maximization (EM) is used to
estimate the parameters of the mixture. Given a test image,
we calculate the probability that the image belongs to each
class. The image is then assigned to the class having gained
the highest score. The proposed method takes into account
the intra-class variation and it is capable to distinguish
different objects in spite of the small inter-class variation.
Experimental results demonstrated the effectiveness of our
method and an accuracy of 95.28% is reached.
Keywords—Object recognition, Gaussian Mixture Model
(GMM), supervised machine learning, web images, ExpectationMaximization (EM).

I.

INTRODUCTION

Visual object recognition refers to the task of determining
whether a particular object (i.e., object of interest) is present
in the image. Regarding its high importance, object
recognition is considered as one of the hottest topics of
computer vision, as it covers a wide range of applications
including image retrieval [1,2], industrial inspection [3,4] and
robot navigation.
In the literature, several approaches have been proposed
to deal with the object recognition issue. Multiple kernel
learning (MKL) methods aim to pick out and combine kernels
for a particular recognition task. MKL–based methods have
been widely utilized for object recognition [5,6]. Other
methods recognize objects by fusing features at different
levels. As instance, in [7], shape and color features were fused
to recognize different fruits. [8] proposed a weighted scorelevel feature fusion scheme for fruit recognition. Deep
learning methods have been successfully applied for
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recognizing objects. [9] proposed an incremental object
recognition method based on deep learning. Certain other
methods [11,10,3] have focused their attention on recognizing
a specialized type of objects. For instance, [11] proposed a
method for underwater objects recognition via light detection
and ranging systems. Nevertheless, none of those methods
have taken into account the intra-class variations, as images
belonging to the same class could have several visual
appearances.
In this paper, we propose a new supervised probabilisticbased method for object recognition. In particular, our method
consists in two stages namely training and testing. First, we
describe images using different descriptors including HSVbased color histogram and Local Binary Patterns (LBP). As
local information could be more discriminative, we partition
images into blocks, and then we extract LBP features from
each block. Afterwards, we use Principal Component
Analysis to reduce the features dimensionality. Image that
correspond to the same class are then clustered using the kmeans algorithm in order to assemble visually similar images
together. Images within each cluster are supposed to be
normally distributed, thus, we associate each cluster with a
Probability density function (pdf) of multivariate normal
distribution. Functions related to the same class are combined
in a Gaussian Mixture Model (GMM), where ExpectationMaximization (EM) algorithm is used for parameters
estimation. Given a test image, we calculate the probability
that the image belongs to each class. The image is assigned to
the class having yielded the highest probability score.
The remainder of this paper is organized as follows. In
Section 2, we detail the steps of our method. In Section 3, we
present the experimental results we obtained. Finally, Section
4 draws some conclusions.
II.

PROPOSED METHOD

The steps of the proposed method can be summarized as
follow:
-
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-
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Features extraction: in this step, features namely HSVbased color histogram and Local Binary Patterns (LBP)
are extracted from ea
.LBP features are extracted
from each block of image.
Clustering: we cluster into cluster, we get the set of
clusters
. Clustering is
conducted using the k-means algorithm.
Modeling: probability densities of clusters within each
are combined in a GMM, such that parameters
are estimated using Expectation- Maximization (EM)
algorithm.
Test: after calculating the probability that an image test
belongs to each class, the image is assigned to the class
having obtained the highest probability score.

II.3. Concepts modeling using GMM and EM
We represent each cluster in
using the
probability density function of M-dimensional normal
distribution which is given by:
G(

)=

,

√

(1)

where is a M-dimensional data point,
denotes the
parameters of the Gaussian distribution that corresponds to
the
cluster, these parameters are:

Now, let us put more precisions about our method.
: The mean vector of the points belonging to the cluster.
: The covariance matrix.

II.1. Features extraction
II.1.1. Color features
Color features are essential for retrieval and recognition
tasks. In this work, we use the HSV-based color histogram as
HSV color space is known to be closer to the human
perception than the RGB space. For a compact yet efficient
representation, the histogram is calculated over a quantized
HSV space. The hue channel is quantized into 8 ranges, while
the two remaining channels are quantized into 3 ranges. In
addition, statistical moments namely mean and standard
deviation are extracted from H and S channels.
II.1.2. Local Binary Patterns (LBP)
Besides color, object could also be distinguished
based on texture features. Therefore, to boost the recognition
yields, we combine the HSV color histogram with the LBP
features. LBP is a powerful feature which has been
extensively utilized in a wide range of applications [12] [13].
The basic LBP operator [12] is calculated by assigning each
pixel with a binary code of eight bits. This code is computed
by considering the center pixel of a 3x3 neighborhood as a
threshold value. The appearance frequency of each code,
called pattern, in the image is then counted to fill up
histogram of 256 ( ) dimensions. In this work, we consider
the uniform version of LBP which consists in 59 patterns. It
is worth noting that each image is partitioned into nooverlapped blocks (25x25), then LBP features are extracted
from each block. Finally, LBP features from different blocks
are fused in a single vector.

Probability density functions (pdf) that correspond to the
set of clusters
{
} are
combined in a Gaussian Mixture Model (GMM) which is
given by:
(

) =

,
,
(2)

where
denotes the weight of the
distribution of a
class
and
the parameters of Gaussian component
densities of the mixture .
The likelihood of the data is given by:

L=∏

where

(3)

denotes the number of images in the class .

Expectation-Maximization (EM) algorithm is then used
to maximize L and estimate the parameters of .
1.

Expectation step:
√

=
2.

(4)

Maximization step:

II.2. clustering
We use the k-means to cluster each into clusters.
We do so in order to assemble images having the same visual
appearance within the same cluster. We empirically set the
value of to 18.
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,
These two steps are repeated for i= 1,…,
until convergence.

(7)

and j= 1,…,

capabilities. In addition, we observe that combining each of
the color features with the LBP has yielded a high accuracies
(93.67% and 92.20% ). By combining all the features, an
accuracy of 95.28% has been reached.

TABLE 1: average accuracy yielded by the different
combinations

II.4. Image recognition
During test, each test image is associated with a
score, denoted as
representing their probability of
appertaining to the class . is assigned to the class having
the highest score.

LBP
HSV color histogram
Statistical moments
LBP + HSV color histogram
LBP + Statistical moments
HSV color histogram +
Statistical moments
HSV color histogram +
Statistical moments + LBP

III. EXPERIMENTAL SETUP

III.1. Dataset
In this work, experiments were conducted on the
fruit dataset that is introduced by [8]. The dataset is made up
of 6610 images from 20 classes including orange, tomato,
Banana…etc. 50 images from each class are intended for
testing, and the remaining for training. For more details about
the dataset, reader can refer to [8].
III.2. Performance metrics
We consider the recognition accuracy as a performance
measure. The recognition accuracy for a single class is
defined by

TABLE 2: average accuracy yielded by the different
methods
Method
Accuracy
The method in [10]
89%
The method in [8]
90.7%
The proposed method
95.28%

,
is the number of classes.

IV. EXPERIMENTAL RESULTS
In order to examine the efficiency of the proposed
method, we conduct experiments on the fruit dataset. First, we
test the recognition capability of each of the used features.
Then, we test the strength of the different possible
combinations. Table 1 shows the average accuracy yielded by
each combination. From Table 1, we note that single color
features have yielded low accuracies (26.66% and 33.86%).
In addition, combining the two features haven’t improved the
accuracy. This may be attributed to the strong visual
resemblance between certain images that belong to different
classes. We can note also that LBP alone has reached an
accuracy of 90.26% which confirms its discrimination

95.28%

To confirm the strength of the proposed method, we
compare it with certain state of art methods. In particular, we
make comparison with two different methods for object
recognition. In the first one [8], a weighted combination
scheme was proposed for the task of fruit recognition. In the
second
one
[10],
a
genetic
algorithm-based fusion weight selection method is proposed
to recognize multisensory activity of Elderly people. Table 2
shows the average accuracy yielded by our method and the
competing methods.

The average accuracy is given by

where

Accuracy
90.26
26.66%
33.86%
93.67%
92.20%
28.66%

From Table 2, we can note that the proposed method
significantly outperformed the competing method in terms of
accuracy.

V. CONCLUSION
In this paper, we have presented a new method for visual
object recognition. We have used a GMM to represent each
class. As images in the same class could have different visual
appearances, the proposed method takes into consideration
this intra-class variation. In addition, it is capable to
distinguish the highly resembled images from different
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classes. Further improvements could improve the
performance of our method. For instance, combination of the
GMM with other classifiers using different combination
schemes. Experimental results have proved the effectiveness
and the efficiency of our method.
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acquisition process [2]: offline and online systems. In the
offline systems, the system deals with already existing
images (such as scanned images). This approach focus on
the recognition of handwriting in the form of an image.

Abstract— Nowadays, the recognition of Arabic
handwritten become one of the most challenging issues
because of the intrinsic characteristics of the Arabic
language. In this work, we investigate the performance of
several texture descriptors on the recognition of Arabic
handwritten words. We propose to describe Arabic words
using Local Binary Patterns (LBP) and Gray Level Cooccurrence Matrix (GLCM). In addition, we propose to use,
for the first time, the Multi Level Local Phase Quantization
(ML-LPQ) descriptor. To conduct classification, we use
three supervised classifiers namely Support Vector Machine
(SVM), Naïve Bayes (NB) and K-Nearest Neighbors (KNN).
As a second contribution, we introduce a new database of
Arabic handwritten that is made up of 1000 words from the
computer science field. Experimental evaluation has shown
promising results.
Keywords— Arabic handwriting
descriptors; LBP; GLCM; ML-LPQ.

In the second approach (i.e., online systems), the
system recognizes the symbols as they are drawn in real
time [3]. This is usually done through pen-based
interfaces where the writer writes with a special pen on a
tactile screen. The system obtains the position of the pen
as a function of time directly from the interface.
In this study, we focus our attention on offline
recognition systems. The offline approach is considered to
be more difficult than the online approach [4] because the
system deals with an accomplished word, which makes
difficult to distinguish the beginning of the word from its
end. Particularly, to figure out the most discriminative
descriptor, we conduct an experimental comparison
between various texture descriptors. To confirm the
capabilities of the tested descriptors, we opted for using
three different classifiers instead of using a single one. As
for the evaluation, finding a database that well represents
the variety of handwriting styles and which assembles the
most important classes in the target language is one of the
most challenging aspects in the offline handwriting
recognition. In the literature, a very few number of
databases are freely available for research and academic
use. For this reasons, we have introduced a new database,
which is presented, in details, in the next sections.

recognition;textures

I. INTRODUCTION
Arabic is one of the most popular languages in the
world, as it is ranked as the 4th spoken language in the
world after Chinese, Spanish and English [1]. The number
of Arabic speakers exceeds 300 million people and it is
the official language of 26 countries. The recognition of
Arabic handwritten is an active topic and it has received a
growing interest by researchers in the last two decades.
Despite the several proposed solutions, Arabic
handwritten recognition remains a challenging task and a
lot of efforts remain to be done. This is attributed to the
nature of the Arabic language. Unlike to the other scripts,
Arabic is written from right to left. In addition, Arabic
language is characterized by the existence of some special
signs called diacritics points. Some words can only be
distinguished by diacritics, which confirm their high
importance for word recognition. These signs could be
above or below the character, but never up and down
simultaneously.

The rest of the paper is organized as follows: In
section II reviews certain relative works. Section III
presents an overview of the proposed methods. The
experimental evaluation and the details about our new
database is given in section IV. Finally, we finalize the
paper by outlining some conclusions.
II. RELATED WORK
In the handwritten recognition field, some researchers
have limited themselves on recognizing characters only,

In the literature, we distinguish two types of
handwriting recognition systems according to the data
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whilst, certain others have interested by the recognition of
handwriting text or documents.

5) classification. It worth noting that certain works
consider only the last two phases.
Due to the nature of the handwriting with high degree
of variability and imprecision, obtaining features that
faithfully represent words is a quite difficult task. To tackle
this issue, a large number of research papers and reports
have already been published on Latin, Chinese and
Japanese characters [11]. The textures descriptors are
widely used for face recognition, and they attained
encouraging results [12, 13, 14, 15 and 16]. In this paper,
we examine the efficiency of some texture descriptors for
the recognition of Arabic handwritten words.

The majority of works have intended for the
recognition of isolated handwritten words. This category,
in turn, can roughly be classified into two sub-categories.
In the first one, word image is segmented into characters
or sub-words. The second sub-category namely the
holistic approach, as it considers the entire image i.e,
without segmentation. Hereafter, we review some of the
existing works which are close to ours.
Manal Abdullah et al [5] proposed a new system for
Arabic handwritten words recognition. In their work,
some enhancement techniques, including baseline
estimation and correction, remove inter-words space, were
firstly conducted. Afterwards, structural features were
extracted from the entire image, and the Neural Network
is used to perform classification.

In the following, we give details about the descriptors
we have adopted for representing Arabic handwritten
words and the methods we have pick out for recognition.
A. Feature extraction methods
1) Local Binary Patterns (LBP)
The LBP operator is a powerful description of texture
[17]. It labels the pixels of an image with decimal
numbers called Local Binary Patterns or LBP code, which
encodes the local structure around each pixel [18].

A new approach based on the Dynamic Hierarchical
Bayesian Network (DHBN) fis proposed by [6]. To
describe the images, authors relied on both Zernike and
HU moments.

The general principle is to compare the intensity level
of each pixel with the levels of its neighbors by
subtracting the central pixel value. The resulting values
that are strictly negative are encoded with 0 and the
remaining with 1.

Leila Chergui and M. Kef [7] proposed a new
recognition system for offline Arabic handwritten words
based on SIFT descriptor. At first, the whole image is
partitioned vertically into five frames, then the similarity
measure between each part from testing image and its
corresponding part from the training images is calculated
using the Euclidian distance. The testing image is
assigned to the class of the closest training image.

A binary number is obtained by concatenating all these
binary codes in a clockwise direction starting from the
top-left. The corresponding decimal value is used for
labeling. Figure 1 shows the principal of the LBP

A word-segmentation-based Arabic handwritten
recognition system is presented in [8]. The authors
introduced a new algorithm for word segmentation into
sub-words. In order to improve the recognition yields, the
number of sub-words is considered as a rejection criterion.
It should be mentioned that words were described using
the discrete cosine transform (DCT) descriptor, whereas
SVM classifier with a reject option is utilized for
classification ends.
An offline handwritten words recognition system
based on classification combination is proposed by Rachid
Zaghdoudi and Hamid Seridi [9]. In this work, Discrete
Cosine Transform (DCT) and Histogram of Gradients
(HoG) are used to describe images. Certain combination
schemes were used to combine two classifiers namely
SVM and fuzzy-KNN, where the Bayesian scheme has
yielded the best result.

descriptor:
2) Gray Level Co-occurrence Matrix (GLCM)
The GLCM is a matrix that describes the appearance
frequency of different combinations of gray level values
within the image according to a particular spatial
relationship (i.e., offset and angle).
The matrix is sensitive to rotation By changing the
offsets that define pixel relationships, such as varying
directions rotation angle of an offset: (0°, 45°, 90°, 135°)

Mustapha AMROUCH et al [10] proposed a holistic
method based on Hidden Markov Models (HMMs) using
embedded training for Arabic handwriting recognition. In
their system, various statistical and geometrical features
were considered and extracted after the estimation of the
baseline.

Figure 1: An example of the basic LBP operator

and displacement vectors (distance to the neighbor pixel:
1, 2, 3 …) [11], we can obtain different GLCM matrices
(show Figure 2).

III. US METHODS (FEATURES& CLASSIFIERS)
The main objective of the handwritten recognition system
is to translate the handwritten word images into a text in
digital format. Therefore, the goal is to simulate human
reading capacity. To achieve such a goal, generally five
basic steps are required: 1) pre-processing, 2)
representation, 3) segmentation, 4) feature extraction, and

Haralick et al. [19] have proposed a number of textural
features measures, which are derived from the GLCM
matrix. Among these measures, we have selected the most
commonly and the widely used ones, which are Contrast,
Energy, Homogeneity and the Correlation.
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several classifiers methods have been proposed some
of them are supervised (the training data is already labled
and just claculate its semilarity with the new input data )
and others are unsupervised ( the input data is unlabeled ,
there is no predefined dataset for training). in this paper,
we adopted to use some classifiers of supervised approach
namely:



Figure 2: GLCM Matrix with two different angles

3) M ulti level Local Phase Quantization (ML-LPQ)
The local phase quantization (LPQ) descriptor is one of
the most efficient and widely used features in writer
identification and face recognition domain. LPQ is based
on computing a Short-Term Fourier transform (STFT) that
is calculated over a rectangular M×M neighborhood at
each coordinate x within the image. It is given by the
following equation [20]:

(

)

Where:



∑

(

)



(1)

is the basis vector of the 2-D DFT at
frequency u.
is a vector containing all
neighborhoods.

Naïve Bayes (NB): is a simple and effective
probabilistic classifier based on Bayes theorem.
The new simple will assigned to the class that has
a high probability of belonging.
Support Vector Machine (SVM): were first
introduced to solve the pattern classification and
regression problems. In this classifier, a data
point is viewed as an n-dimensional vector, in ndimensional space 𝑅 and we want to know
whether we can separate such points with an (n −
1) dimensional hyper plane. Many hyper planes
might classify the data. One reasonable choice as
the best hyperplane is the one that represents the
largest separation, or margin, between the
classes.
K-Nearest Neighbor (KNN): is a simple
supervised algorithm that stores all available data
(training set), then classifies a new data (test set)
by calculating the similarity between them then
comparing, and assigned it to the closest sample
in the training set.

Several reasons maked us to choose these classifiers;
the major reason is their efficiency in solving different
recent pattern recognition problems [23, 24 , 25, 26 and
27].

In this study, the Multi-level term is used where the
original image is divided into n sub-blocks (
). Then, extracting the LPQ feature from each
sub-block. This operation is called multi block LPQ (MBLPQ).

IV. EXPERIMENTAL RESULT & DISCUSSION
In this study, we adopted the uses of the textures
features in order to examine their efficiency on the
recognition of isolated Arabic handwritten words.
Moreover, for the best of our knowledge some of them are
used for the first time.

The main idea of Multi-Level [21] is to extract then
combine features from different Multi-Block divisions. In
other words, extract features from the whole image, then
divide it into 2×2 sub-blocks and extract the features from
each sub-block [22] and so on, until reaching the intended
level.

In this section, we present and then discuss the
experimental results that we have obtained using the
proposed methods. The experimental results were
conducted using our own-created database. The database
assembles 1000 words, from the computer science field,
representing 10 different concepts and written by more
than 70 writers. Table 1 shows some typical from the
database.
TABLE 1: SAMPLE IMAGES FROM OUR DATABASE

Figure 3: Multi Block example 3*3

Figure 4: Example of ML-LPQ with 3 level

As we have already stated, to accomplish the
recognition task, we have used three supervised classifiers
namely KNN, Naïve Bayes and SVM. The obtained
results are presented in the table below.

B. Classifiers
The main aim of the classification stage is to assign a
label to each input text-image sample (decide which
training word this input image belongs to).
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same values close to each other, which led to a low
recognition rate.

TABLE 2: EXPERIMENTS RESULTS FOR OUR DATABASE USING
LBP,GLCM AND ML-LPQ DESCRIPTORS

Sub-groups

1

2

3

The best recognition rate was scored by applying the
ML-LPQ that well represents the handwritten words style
and it successfully recognized the majority of words. The
concept of multi level played a big role in well keeping
information which lead to high accuracy for recognizing
words.

Descriptor

KNN

Naïve

SVM

LBP

28.34%

42.91%

30.31%

GLCM

17.32%

25.59%

20.07%

ML-LPQ

95.66%

94.09%

95.27%

LBP

28.22%

28.22%

16.85%

GLCM

19.27%

18.78%

22.49%

ML-LPQ

95.56%

89.51%

95.96%

LBP

26.19%

30.35%

14.28%

GLCM

20.23%

26.19%

18.25%

ML-LPQ

96.82%

92.46%

97.22%

V. CONCLUSION
This paper presents a comparative study for Arabic
isolated handwritten words recognition based on texture
descriptors. The aim of this work was to examine their
capabilities in performing such an important task.
Moreover, we utilize, for the first time, the ML-LPQ
descriptor to describe the Arabic words. The descriptors
was evaluted using the three well-known supervised
classifiers namely KNN, Naive Bayes and SVM.
Experiments were conducted on our new database of
Arabic words, which groups 1000 words from 10 classes.
The experimental results have proved the efficiency and
the superiority of the ML-LPQ descriptor against the
residual descriptors.
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Abstract—Various approaches of human activities recognition
by vision in the context of elderly care have been proposed
in the literature, particularly abnormal activities detection and
analysis. This is due to the necessity to note that the observation
of changes in the daily activities of individuals, enhanced and
instrumental daily life activities are essential to detect medical
conditions before they become critical. Taking care of the elderly
has an obvious effect on their independence, their psychological
status and their quality of life. Unfortunately, those proposals
still ineffective and limited, due to the difference in lifestyle,
habits and manners of performing a certain activity as well as
the variety of activities from one field of application to another.
Therefore, we present in this paper a brief synthesis and analysis
of some existing works of fall detection.
Index Terms—human activities recognition; abnormal activities; synthesis; computer vision; elderly care; fall detection.

I. I NTRODUCTION
Applications of video surveillance have attracted more and
more researchers to propose new techniques of detection and
analysis of human activities. Abnormal activities are studied
in a particular way, given the information they provide for
changes in the daily life of the elderly, their independence
and the early detection of certain types of diseases before they
become critical. Thus, their remote monitoring and assistance.
Abnormal activities recognition starts to be a very interesting
field of video surveillance because of the amount important
information that is provided and which allow to afford an
immediate intervention to preserve elderly lives. Falls, for example, are major health problem in elderly population that may
cause loss of their independence, dehydration, hospitalization
or moreover death because the person may stay immobile or
unconscious for a long time.
By studying some of the state-of-the-art works of vision
based abnormal activities recognition, we have been able to
deduce some limitations that make the use of techniques and
methods proposed for the detection of normal activities, inefficient. Abnormal activities recognition should be considered
as a separate research axis and proposed methods should
deal particularly with this kind of activities and their specific

characteristics. Accordingly, this paper is a brief synthesis
and analysis of some recent works of vision-based abnormal
human activities recognition and a continuity of our work
[1]. For this, the manuscript is organized as follows: In the
second section, we define the abnormal activity as well as fall
detection. We examine in the third section some approaches,
proposed in the literature, of abnormal activities detection, in
our case we are interested to fall detection. For each of the
proposals, we discuss the motivation behind its suggestion, its
stages and its validation mean. We summarize afterwards, each
proposal in one diagram to finish with a conclusion where we
recap our study.
II. A BNORMAL ACTIVITY AND FALL DETECTION
According to [2] an abnormal activity is defined as any outof-ordinary and non-usual activity that may expose a person
or group of people to danger in a particular context. An
activity is considered abnormal when it is atypical and consists
of undesirable acts. An abnormal activity is also an activity
that occurs rarely and has not been expected in advance [3].
Furthermore, one can define fall as unintentional or sudden
change of position of the body from an upright, sitting or
lying to a lower inclining position [4]. It is an event that
results in a person coming to rest on the ground or any lower
level involuntarily [4]. A fall event can be decomposed into
pre-fall phase, critical phase and post-fall phase and recovery.
Moreover, fall detection consists in recognizing a fall among
all daily life activities.
Fall detection systems are categorized according to the used
device [5] into: non-computer vision based and computer
vision based. The first category compromises wearable sensors, sensitive floor tiles, simple sensors and mobile devices.
Wearable sensors should be worn all the day which may raise
autonomy problem. The person may as well forget to wear
them and they require batteries to be replaced or recharged
regularly. Sensitive floor-based systems are more expensive
and less robust because moving objects may trigger false
alarms. So, non-computer vision-based methods are more
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and more abandoned. The second category aims to detect
inactivity, analyze changes of the moving human body and
the 3D head motion. Video-based systems do not require to
be worn, are easy to be mounted and they cover great surfaces
which make them more suitable for elderly fall detection.
III. A BNORMAL ACTIVITIES DETECTION
Several researchers have suggested new methods of recognizing abnormal human activities, especially based on normal human activities recognition. We are interested in this
overview to fall detection. In the following, we summarize
some of what have been presented in the literature. Researchers are increasingly interested to propose automatic
monitoring systems in order to avoid the use of manual video
surveillance systems that must ensure the follow-up of people
over the long term and therefore manipulate too much data.
Manual surveillance is not practical, inefficient and causes a
difficulty of storage and display. In most surveillance systems,
videos are obtained from multiple cameras, and are then
compressed by the internal processor to be transmitted to the
video server in the interest of storage or display.
The authors of [6] proposed a learning-based real-time
system for detecting abnormal behaviors from surveillance
videos. They used for that two approaches: an ACP approach
to select the characteristics followed by an SVM classification
and an optical flow approach. Their proposal differs from the
state of the art as it allows detecting several abnormal behaviors using the same Framework. It uses 20 primary components
instead of detecting the parts of the body on contours. In
addition, it does not use the position and velocity of the body
parts for learning because their precise values can not always
be obtained, and this generates false alarms. This system uses
a background pattern or optical flow (in cases where the
background is predominant) to detect the background from
the foreground. A segmentation is then carried out using a
projection histogram to divide the blobs containing several
people according to the individuals. This segmentation is followed by body parts labeling, a distance or color-based followup of several people and finally a behavioral analysis was
performed by the mean of the two approaches as mentioned
above: Behavior analysis using learning approach and behavior
analysis using optical flow approach. In the first case, the
authors performed a preprocessing, they extracted contours
from the centroid, calculated distances, used DFT to select
20 coefficients for each blob, extracted the most important
features using supervised PCA, and finished with an SVM
classification. The second approach is used in case of difficulty
of obtaining the foreground image if an occlusion is observed.
For that, they calculated the velocity of each pixel, carried
out a filtering by 3x3 template followed by a thresholding to
apply at the end the ordinary methods of optical flow for the
classification. To test the performance of their system, they
implemented experiments on a set of 625 examples. For each
one, 4 frames are taken, while using 3 connected SVMs. Fig. 1
represents a diagram of their approach.
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The authors of [7] suggested a new real-time solution
for abnormal movement detection. It is dedicated to modern architectures of video surveillance where the limited
computational force available is close to the quality of the
camera for compression and communication. The algorithm is
based on Macroblock motion vectors (global characteristics),
which are generated in case of video compression, instead
of pixels. This makes it possible to reduce the input data
rate and thus facilitates the application in real time in limited
calculation platforms. Their proposal differs from the others
in the state of the art in that it is based on motion vectors;
that it avoids segmentation and follow-up to ensure a semantic
interpretation and that it lacks of assumptions about normal
movements. The basic idea of this system is to extract the
motion characteristics in order to estimate, by learning, the
probability distribution of normal activities and to deduce consequently the abnormal activities which constitute improbable
values in the processing phase. For this purpose, the authors
followed two main phases (as presented in Fig. 2): the first
phase involved the extraction of motion vectors from video,
while the second phase consisted in extracting the motion
characteristics from the previous vectors. In the first phase, a
spatial and temporal compression of the video made it possible
to obtain corresponding motion vectors is performed. These
vectors are used as input of the second phase, an estimate
of their probability distribution is made during learning, it
was then compared to a statistical model and for each image,
a feature vector is associated. Next, the authors selected the
approximation histograms of the probability density functions
of the motion vectors obtained to ensure the real-time quality
of the calculations and finally decide on the activities. The
proposed system is limited by several requirements, such as
the reliability of regularly detecting events while reducing
false alarms; The difficulty of efficiently characterizing the
normal movements in order to discriminate between normal or
abnormal movement and finally the difficulty of establishing
a compromise between the quality of the camera and the
limited calculation capacity available. In order to validate
their proposal, the authors established an experimental that
consists of following a pedestrian using a digital video camera
Sony TRV 900. The system developed in C ++, runs under
Windows, Pentium 4 and the frames are acquired with a
frequency of 75 frames Per second. Each video is 50 minutes
of which 41 minutes are used for learning and 9 minutes for
the test.
The idea of the Internet of things is to allow several
intelligent objects with different capacities to interact, communicate with each other and also cooperate with their neighbors
in order to achieve common goals. The ability to provide
services immediately, using this infrastructure has prompted
researchers to use it for video surveillance systems. Particularly, to ensure assistance and supervision to elderly isolated
individuals in society in order to enable them to live alone
for as long as possible. This need created a serious social
problem because of the considerable demographic change and
the growing number of these elderly in developed countries

Fig. 1. A learning based real time system for detecting abnormal behaviors

Fig. 2. Real time solution for detection of abnormal movements

(e.g. Japan, USA etc.). In addition, the lack of support from
their families is, also a determining factor.
Since some services of the Internet of things can be provided immediately and that some diseases can be deduced
by observing the activities of the elderly, the authors of
[8] have implemented an Internet of things infrastructure

for an abnormal human activities detection system for the
purpose of supervision and assistance of the elderly. The
proposed situation-aware system for the analysis and detection
of abnormal activities of the elderly (an important field in
the ubiquitous computer research paradigm allowing to detect
the situation around the user, provide him with the necessary
services which can even change the environment) was based
on SVDD (support vector data description). It is composed of
u tiles network sensors such as: pressure sensors and RFID
antennas, making possible detecting the position and trace of
elderly and a smart Plug developed by NTT to detect and control the status of the various devices of the house. This system,
which used u tile network sensors (locating human position
compared to objects), included the extraction, analysis and
classification of characteristics, the detection of the situation
around the elderly, the creation of several spheres based on
the different situations with several characteristics and finally
the recognition by SVDD of the abnormal activities in the
situations. Each situation was represented by: the zone, the
status of the devices, actions of the elderly and its environment.
To validate their system, the authors first made a learning of
the situations of a subject and then compared them with those
detected by the system. For that, they used 5 subjects, and for
each subject they recorded 40 minutes of which 5 minutes
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were to introduce the individual, 10 minutes to designate
his usual activities and 24 minutes to designate his one-day
activities. Fig. 3 demonstrates their proposal.

and by processing the feature vectors. This model of normal
activities is then used in the second phase by SVM to detect
abnormal activities. To test the performance of their proposal,
the authors used an RFID reminder system to collect the daily
life activities data from two women and three men for 13 days,
thus building a real data set. Next, they used a Matlab HMM
toolbox to process data from the collected daily activities data.

Fig. 3. IoT infrastructure for abnormal human activities detection system for
elderly surveillance

Fig. 4. An RFID network sensors-based system for home surveillance

The growing need to fight terrorism in banks, airports,
elevators and public places and the advent of low-cost sensors
with ease of installation and use that can handle different types
of data are motivations for researchers to propose systems
for the recognition of human activities for video surveillance
purposes. In particular, sensor networks have recently been
used extensively in video surveillance because of their ease
of installation, use in various environments, lower costs, efficiency and real-time quality. On the other hand, it is necessary
to note that the observation of changes in the daily activities
of individuals, enhanced and instrumental daily life activities
are essential to detect emerging medical conditions before they
become critical.
Therefore, a home surveillance system based on network
sensors (Refer to Fig. 4), using RFID sensors is proposed in
[9]. The basic idea of this system was to collect the daily life
activities of the elderly, to construct an HMM model and to
classify the activities into normal or abnormal using SVM.
The proposed system is implemented by installing the RFID
antennas at the entrance of the rooms and by attaching the
passive tags to persons and objects, which made it possible
to start recording after the tags have been detected by the
antennas and to trigger an alarm for immediate intervention in
case of necessity. The proposed system consisted of two main
phases: the preprocessing phase and the detection phase. In
the first phase and from a sequence input of normal activities,
the authors applied the Baum Welch algorithm. The outputs
of this algorithm and the test sequences were the inputs for
modeling normal activities by applying the Viterbi algorithm,
by modeling HMM sequences, applying the Forward algorithm

The authors of [10] proposed an automatic method for
detecting patterns of abnormal behavior. The method is based
on Markov chains model (MCM) and is built on a mobile
sensitive contactless monitoring platform MSSMP. It is composed of several steps (as shown in Fig. 5), the first of which
consisted in transforming the triplets representing the human
activities into singletons, K-means algorithm is subsequently
used to analyze and classify the data collected from each
room of the intelligent house. The next step was to estimate
the probability distributions of each cluster to construct the
transition probability matrix and finally to use a ratio to decide
if an activity is abnormal or normal and trigger an alarm that
can be canceled by the observed elderly in case of error of
the system. On the one hand, the validation of this system is
carried out by creating a real dataset where the activities of a
76-year-old man are captured during 128 days using infrared
sensors. On the other hand, the proposal is compared with the
Levenshtein distance algorithm.
A system of automatic behavior analysis using IR motion
sensors (u-sensor) has been proposed in [11], with the aim
of assisting independent elderly wishing to live alone and
improve their health. The proposed solution aims to ensure
the privacy of the elderly, to provide continuous information
about their activities and to warn their relatives and caregivers
by means of an alarm triggered in case the person observed is
in an abnormal situation. This system is composed of several
steps that aim to monitor the daily life of the elderly. It
estimated their normal activities and detected their abnormal
activities automatically without disturbing them. The captured
data is therefore preprocessed in order to extract the most
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Fig. 5. Automatic method for detecting patterns of abnormal behavior of
elderly living alone

significant features. Three important characteristics were subsequently extracted for abnormal behavior classification and
detection (as presented in Fig. 6), which were the level of
activity that refers to the number of times the movements
of subjects are captured, the NRI which calculates the time
between the different movements and the level of mobility
to indicate the movements of the subject. They are used for
activity analysis, non-response analysis and mobility analysis
respectively. While considering temporal information, SVDD
is used to group together movements of the same time. To test
the performance of the proposal, experiments took place in a
house called the Jeung Pyeong house. It is located in a rural
city and is equipped with several IR motion sensors (u-sensor)
installed in 5 different places: bathroom, kitchen, main room,
storage room and the entrance of the house; and an ATmega
8 microcontroller to digitize the signals that are transmitted to
the main server using WI-FI communication. The experiments
involved 9 subjects (8 women and one man) whose average age
is 81 years and suffering from various chronic diseases and
hypertension. Two datasets containing 10 types of activities
were therefore used, the first one contained real data while
the second is composed of simulation data.
A video-based abnormal activities recognition system using
R-transform and KDA whose goal is to take care of elderly
has been proposed in [12]. This system concerned 6 types
of predefined abnormal activities: forward fall, backward fall,
chest pain, faint, vomit and headache. The system comprised
five main steps: the captured data first passed through a
preprocessing, where the background and the silhouette are
segmented using the background subtraction, a thresholding
is applied to the silhouette to facilitate the extraction of its

characteristics (Refer to Fig. 7). R-transform is used at this
level to extract directional features. The third step is used to
calculate the feature vectors that are used by LDA or its nonlinear extension KDA to improve the separation of activity
classes. The next step consisted in generating code blocks
and thus sequence symbols for each activity sequence with Kmeans and finally HMM is used for training and recognition.
The proposed system is validated using a customized dataset
containing 6 abnormal activities of 6 people (4 men and 2
women). For each activity, the authors took 10 sequences and
15 key silhouettes, which gave 150 silhouettes and therefore
900 for each person. Fold cross validation was established
where the activities of all subjects except 1 on each iteration
are captured for training and the remaining activities are
used for the test; The procedure is repeated until everyone
is involved.
Deformation of the body shape, the centroid, the perimeter
and the principal axis of the silhouette are significative features
for fall detection. This is due to the fact that changes may
happen drastically and rapidly during falls than during normal
activities. Based on this, The authors of [4] proposed to detect
falls using motion history images MHI and the shape of the
body. The silhouette of the human body is extracted, using
background subtraction methods, from videos captured using
a webcam. Some preprocessing operations are then carried
out involving Gaussian/Median filter and morphological operations. Afterwards, the centroid of the detected silhouette
is calculated and finally activity analysis is implemented to
identify falls using a threshold. Fig. 8 shows the phases of
the proposed method. To evaluate the performance of their
approach, the authors use the Le2i fall detection dataset [13]
which contains fall video sequences. Similarly, the authors of
[5] proposed a video surveillance fall detection system based
on silhouette deformation analysis during and after the fall.
2D and 3D information of the human body are used. The
authors extracted the background, and the human body shape is
determined using an ellipse. They used afterwards the motion
history image for motion quantification to analyze the human
shape variations and orientation. Hence, falls are recognized
as lack of motion for a while (as presented in Fig. 9). To
validate their approach, the authors used a real-world dataset
composed of 24 daily life activities and 17 falls.
In addition, the authors of [14] proposed a fall detection
system based on multiple shape features and motion. The
silhouette is extracted using background subtraction methods.
Then, morphological filter and component labelling CC are
used to improve the silhouette. To extract features, the authors
used Finite State machine. The extracted features (Vertical
velocity of the head, area, height/width ration, ferret diameter,
orientation, Procrustes distance) are fitted to 3 classifiers: SVM
with RBF kernel, K-Nearest Neighbor and Backpropagation
Neural Network to classify postures. Finally, the authors tested
the inactivity to detect a fall posture. Fig. 10 represents a
diagram of their approach.
A novel visionbased fall detection approach that analyzes
an extracted human body using descriptive human postures
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Fig. 6. Detection of abnormal living patterns for elderly

Fig. 8. Vision-based approach to human fall detection using MHI and the
shape of the body

Fig. 7. A video-based abnormal activities recognition system using Rtransform and KDA

is proposed in [15]. The system is composed of three major steps: human body extraction, human posture description
and fall event recognition. To extract the body, the authors
extracted the background using a background model, applied
a morphological procedure and surrounded the body with an
ellipse. Then, postures are represented using multidirectional
statistical analysis based on Normalized Directional Histogram
NDH. Dynamic (change rate of NDH) and static (statistical
moments of NDH) features are extracted and are fitted to
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Fig. 9. Video surveillance fall detection system based on silhouette deformation analysis

Fig. 10. Fall detection system based on multiple shape features and motion

an Acyclic Graph SVM for classification (Refer to Fig. 11).
To validate their approach, the authors used a public multiple
camera fall dataset which is composed of 736 samples of falls
and daily life activities recorded with 8 cameras in 24 different
situations.
In [16], a machine vision-based system was designed. As
a preprocessing step, the median filter is applied to images
and invalid pixels are removed, then the authors eliminated the
background and extracted the contours. Later, the human body
is surrounded by an ellipse and the authors suggested to extract
the shape feature which gives the 2D position of the human
body. SVM is used then to classify postures and the authors
computed as well the distance from center of the ellipse to
the floor to distinguish between falls and activities that are
close to fall posture (as shown in Fig. 12). To evaluate the
performance of their proposal, they used a dataset composed
of 70 depth map videos [17] captured using a Kinect camera,
30 of them are different fall postures while the rest correspond
to daily life activities. The videos were recorded in different
rooms and different subjects have participated.

Fig. 12. Machine video-based system based on human body position and
postures

A Video-based fall detection system based on posture analysis and SVM was proposed in [18]. The authors extracted
the silhouette from videos using background subtraction and
applied some preprocessing operations to enhance the extracted human silhouette. As a second step, they extracted the
shape and the movements features and used SVM to recognize
postures (standing, sitting, bending and lying). Falls may occur
before a lying posture, so they calculated the occurrence of
the lying posture, if it persists among 12-25 frames, they
concluded that it was a falling posture. To evaluate their
approach, they used 3 datasets [19]–[21]. Fig. 13 represents
stages of their approach.

Fig. 13. Video-based fall detection system based on posture analysis and
SVM

Fig. 11. VIsion-based fall detection approach based on postures

A video-based fall detection system in indoor environments
using Convolutional Neural Networks, CNN was proposed in
[22]. The system is based on the fact that falls are specific
changes of poses and tried to determine sequence of poses that
may lead to a fall. After falling, lying is the most frequently
pose so detecting falls may be performed by identifying the

307

lying posture. However, the system should distinguish between
normal posture such as sleeping on the bed and lying on the
ground after a fall. For that, the background was subtracted
from the input videos in order to extract the human silhouette
(as shown in Fig. 14). Then the extracted silhouette is fitted
to the CNN that has the same architecture of the VGGNet
in order to extract features and recognize activities. Finally,
the speed of lying down is used as well to distinguish falls
from other lying postures. To test the performance of their
system, they created a dataset recording 5 activities from 8
different views (standing, sitting, lying, bending and crawling),
performed by 5 subjects in 5 different indoor set-ups using the
Kinect device.

Fig. 14. Video-based fall detection system using Convolutional Neural
Networks

Since 3D locations of major body joints may provide
significative kinematic information, the authors of [23] suggested to extract body joints from depth cameras and used
them as features for fall detection. They proposed a deeplearning-based approach using LSTM and transfer learning.
Two networks are used in the proposed approach to implement
transfer learning which allows extracting knowledge from one
or more source tasks (the first network) and apply it to a
target task (the second network). Skeleton sequences are fed
to train a multiclass LSTM, and weights of the two first layers
(relative to general features) are copied and transferred to the
second network (2-class LSTM). After training the second
network, results are refined to detect falls. To train the first
network, the NTU RGB-D dataset is used. It contains 56880
videos of 60 actions performed by 40 subjects and to train
the second network, the authors recorded a dataset of 11
actions performed by two people using Kinect device. Fig. 15
represents a diagram of their approach.
IV. C ONCLUSION
In this paper, a brief synthesis and analysis of recent works
on vision-based fall detection has been proposed. A lot of
researchers are interested to fall detection because it is a major
health problem in elderly population that may cause them
death. However, proposed methods in the literature are still
limited and inefficient. One can mention that fall detection
databases contain simulated falls, because creating a realworld falls dataset is very time and resource consuming. These
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Fig. 15. Deep-learning-based approach using LSTM and transfer learning

simulations have to be taken into consideration and should be
adapted to work even for real world falls. Another limitation is
the furniture of the room. A person can fall on a bed or a sofa
and the system may not be able to recognize the posture as
a fall because the person still at a height from the ground.
We can conclude that a good fall detection system should
ensure the safety and the privacy of the elderly as well as the
quickness of intervention when a fall occurs. In this present
paper, we have defined firstly the meaning of an abnormal
activity and have analyzed, then some recent approaches of
fall detection, where we explain their aims, their stages and
the means used for their validation.
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Abstract—We investigate the problem of extracting web services’ protocols basing on execution log events, i.e., how to reconstruct protocols’ specifications expressing the observed behaviors
from service’s execution traces ?
We propose a comprehensive logic-based approach to extract
business protocol models expressing the external behavior of
deployed web services. Recorded execution traces are transcribed
to a facts base and a set of structure inference patterns is translated to a corresponding production rules base. The conceived
knowledge base is explored by a reasoning engine to infer the
various elements describing the finite state machine representing
the target service protocol and thus, the behavior model contained
in the execution traces log files is extracted.
Index Terms—Web services, Service protocols, Protocol mining, Execution traces, Inference patterns, Logic programming.

I. I NTRODUCTION
Over the last few years web services are becoming the dominant technology for integrating distributed and heterogeneous
information systems.
In the web service ecosystem, two elements are fundamental for providing a high interactivity level between service
providers and service requesters. The first element is the
service interface described via the WSDL standard which
expresses the service localization and the allowed operations
with their signature. The second one is the service protocol
(business protocol) which reflects the provider’s business
process logic. A Service protocol is an abstract tool which
is used to describe the service external behavior by handling
conditions that govern the operations invocation, such as order
and temporal constraints [?], [?].
Web services research literature has largely highlighted the
usefulness of specifying service protocols and various models
are proposed for their representation [?], [?]. Generally, service
protocols are used to check the compatibility of customer’s
protocols with the published ones and to verify their conformance with other standardized processes. Also, service
protocols are inevitable during the services’ composition process. Thus, they constitute a cornerstone for the web services
technology during the entire life-cycle: i.e., design, enactment,
management and analysis.
Despite the importance of service protocols, various reasons
can lead to their unavailability, such as: rapid service deployment, migrating legacy systems, automatic generation of the
WSDL file. . . On the other hand, due to frequent changes in
enterprises’ environments, the current version of a service protocol can be obsolete and, consequently, it partially reflects the

business logic supported by the considered business process.
In such contexts, the service protocol must be reconstructed
by exploring behavioral data contained in the executions logs.
After that, the discovered model is improved and advertised
in the web services’ adequate registries.
The problem of reconstructing business protocols basing on
execution traces is well known and it raises several difficulties
of different natures. Most of the related issues have been
extensively investigated in the research literature and several
works have addressed different facets of the problem [?], [?],
[?], [?], [?], [?], [?].
In this paper, a fundamental paradigm shift is suggested to
extract service protocols from execution traces. The salient
feature of the proposed work lies in a framework based
on a declarative approach to support service providers in
performing a fine-grained protocols reconstruction process, by
customizing a set of high-level abstractions. In the proposed
approach, execution traces are transcribed to a facts base which
is formalized in the first-order logic predicates and a set of
structures’ inference patterns is suggested to specify the
rules base that allows inferring the various elements of the
target business protocol to be constructed.
Paper organization: We start by discussing related works
in section 2. Section 3 presents the different facets of the
proposed logic-based approach. In section 4, the system
architecture is illustrated and the implementation and the
experimentation of a prototype based on the use of Prolog is
exposed. Finally, conclusion and potential directions for future
works are drawn at section 5.
II. R ELATED W ORKS
Recent literature is very rich in approaches that have addressed the various challenges related to the issue of business
protocol discovery. Hereafter, we discuss different works that
have coped with the problem from different perspectives.
- In [?], [?], [?], an approach based on establishing a
causality relation in the set of execution traces is suggested
in order to discover the corresponding process or workflow
models. The proposed α-algorithm [?], [?] uses a rules set to
specify relations between activities and a Petri net, with special
properties (workflow nets), is extracted from event logs. As
the α-algorithm can’t deal with short loops of length one and
two, it was enhanced to α+ , α++ [?]. But, these last ones have
residual problems with complex control-flows.
- The work presented in [?] proposes a formal framework to
discover implicit timed transitions of conversation protocols.
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The concept of implicit transitions was formalized to express
activities that can be triggered under time constraints. In
this approach, the working hypotheses are very restrictive
and many conditions are imposed to model the associated
constraints (complete traces, no timed transitions leading to
final states, no noise in logs, . . . ).
- In [?], the authors introduce an heuristics driven process
mining algorithm to discover the main behavior registered in
an event log. The frequency of activities is used as a base
to construct a dependency graph basing on a metric which
indicates the degree of dependence between two events. This
approach is applicable only to specific data having no too
many different events.
- In [?], [?], the authors propose efficient algorithms to
deal with the problem of event correlation in service-based
processes and they characterize the set of events in service
logs belonging to the same instance of a process. Such an
approach is complementary to our work and it could be
deployed during preliminary steps when the execution traces
are not characterized by an unique identifier.
- Other significant algorithms for business processes discovery have been proposed recently (fuzzy [?], genetic [?]).
In [?], a technique is suggested to evaluate these algorithms
efficiently, and thus, to allow business managers selecting the
appropriate algorithm that is most suitable for a given data-set.

translated to such models by using adequate transformation
techniques [?], [?].
Definition 1: A (web service) business protocol is a tuple
P = (S, s0 , F, M, R); where:
- S is a finite set of states;
- s0 ∈ S is the initial state of the protocol;
- F ⊆ S is the set of final states;
- M is a finite set of abstract activities;
- R ⊆ S × M × S is a transition relation. Each element
(s, m, s0 ) ∈ R represents a transition from a source state
s to a target one s0 upon the execution of the abstract
activity m.
According to this definition, states represent the different
phases that a service may go through while transitions represent activities that a service can perform to move from one
step to another [?].
Example 1: A real-world example of a retirement protocol
is depicted in Fig. 1. The protocol could be deployed as a web
service by a nationwide network of social security centers for
managing citizen’s applications for pension benefits.
Start

ApplicationSubmitted (AS)

Requester Identification
IdentityVerification (IV)

III. A PPROACH FOR E XTRACTING S ERVICE P ROTOCOLS
FROM EXECUTION T RACES
We present below the different facets of our logic-based
approach and we expose the underlying models. (i) First,
we introduce the explicit choices on formal models used for
representing service protocols and execution traces. (ii) The
components of the used knowledge base are addressed at a
conceptual level by formalizing execution traces and inference
patterns. (iii) A reasoning engine is deployed to infer the target
service protocol from the conceived knowledge base. In what
follows, these steps are deeply discussed and illustrated.

Verification
Completed

AdditionalCareerInfo (AC)

NotifyReject (NR)
Career Reconstruction
EligibilityVerification (EV)

We introduce below the formal models manipulated
throughout the approach for specifying service protocols and
execution traces.
1) The service protocol model: A service business protocol,
(shortly the service protocol) describes the external visible
behaviors of a given web service, by specifying the constraints
(e.g., ordering of messages, . . . ) that customers must comply
with in order to correctly interact with the service [?], [?].
While various models of different levels of expressiveness
have been proposed in the literature to capture different kinds
of abstractions of service protocols, in our work a basic
version of the model basing on automaton is used. It describes
the ordering constraints that govern the activities’ execution
[?], [?]. The choice of finite state machines is motivated
by the important role of this formalism to represent the
behavior of dynamic systems and to support formal analysis of
business processes [?]. In the other hand, other existing models
such UML diagrams, PetriNets and BPMN diagrams can be
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A. Modeling service protocols and execution traces
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Payement
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ActivityCessation
Confirmation (ACC)

(TTS)

Fig. 1. The retirement service protocol (Ret)

In such a protocol, state names (e.g. Rejected) are meaningless symbols that do not affect the operational usage of the
service. The transitions’ labels are meaningful and correspond
to the executed activities. In the sequel, the names of the
activities are abbreviated as indicated in the figure (e.g., the
activity ApplicationSubmitted is abbreviated as AS).
It should be noted that the presented service protocol is
in fact an over simplified version of a real life retirement
business processes but which is however, sufficient to illustrate
our approach.
2) Formalizing execution traces: Each invocation of the
web service by a particular customer corresponds to an execution of a separated instance of the service. This execution
generates a related execution trace. We introduce bellow the
concept of execution path which is necessary for representing
execution traces of service instances.

Definition 2: An execution path of a protocol
P
=
(S, s0 , F, M, R) is an alternating sequence
c = sk .mk .sk+1 .mk+1 . . . sn .mn .sn+1 of states and
activities of P, that (i) starts at a state sk of P, (ii) ends at
a state sn+1 of P, and (iii) is consistent with the transition
relationship of P, i.e., (si , mi , si+1 , ) ∈ R, ∀i ∈ [0, n].
An execution path c is called complete if it starts from the
initial state of P (i.e, sk = s0 ) and it ends at one of the
possible final states of P (if sn+1 ∈ F).
According to the previous definition, an execution trace Ti
of an instance I represents the sequence of historical activities
performed by I, from the beginning of the service invocation
to its current state. More formally;
Definition 3: An execution trace Ti of an instance I
is a finite sequence of activities m0 .m1 . . . mn obtained by
removing the state names from the associated execution path
c = s0 .m0 .s1 . . . sn .mn .sn+1 ∈ P followed by the instance
I. The execution trace is called complete if it is originated
from a complete execution path.
We denote by T (P), the set of all execution traces T of a
service protocol P and |T (P)| designates the cardinality of
this set. Each element in T (P) is expressed with Ti (P), for
i = 1 . . . |T (P)| and the length of Ti (P) is noted |Ti (P)|, i.e.,
the number of activities contained in the trace Ti (P).
Example 2: Hereafter, we show four execution traces of
different instances belonging to the retirement (Ret) protocol
of Fig. 1.
•T22 (Ret)=AS. IV. NR.
•T23 (Ret)= AS. IV. CC.EV.
•T24 (Ret)=AS. IV. CC. AC. EV. SID.
•T25 (Ret)=AS. IV. CC. AC. AC. EV. NR.
Among the previous traces, T22 (Ret) and T25 (Ret) are complete, while T23 (Ret) and T24 (Ret) are incomplete ones. The
length |T25 (Ret)| of the trace T25 is 7.
Before ending this section, we assume that traces are
classified in a manner that it’s possible to dissociate them
from one service to another by using a service Id or a service
name. From another point of view, traces may be characterized
by other attributes, such as time-stamps and activities’ cost.
However, in the service protocol reconstruction context we
focus only on the activities names which are sufficient to
illustrate our approach.
B. Knowledge base specification
The knowledge base underlying our approach is articulated
around, (i) a facts base containing execution traces, and (ii)
a set of production rules expressing inference patterns. These
two elements are addressed below.
1) Translating execution traces to a facts base: We formalize each activity of a given execution trace as a first-order
logic predicate, expressed as follows.
A (T ype, Order, Id, Sstate, Aname, T state) .

(1)

Where A is a first-order predicate symbol of valence 6 and
the semantics of the associated attributes are as follows.
- Type: characterizes the activity’s type. The manipulated
values are 1: for the first activity in the trace, 2: for the
last activity and 0 corresponds to intermediate activities.

- Order: specifies the rank of the activity in the trace.
- Id: After splitting a trace to a set of separate facts, the
trace’s Id is integrated as an attribute for all the facts
belonging to the same trace.
- Aname: designates the name of the activity in the trace.
- Sstate: is the source state s ∈ P from which the activity
Aname starts.
- Tstate: is the target state s0 ∈ P to which the activity
Aname ends.
It’s forth noting that the predicate A(Attribute) applied to a
term of the predicate A returns the value taken by the input
parameter Attribute.
According to this specification, an execution trace Ti (P)
having a length l = |Ti (P)| generates a set of l separate
facts. The total facts number obtained after transforming all
the existing execution traces T (P) of the protocol P leads to
a facts base, noted FB(P) having a size |FB(P)|.
Example 3: According to equation (1), the traces T22 (Ret),
T23 (Ret) and T25 (Ret) of example (2) are converted to the
following facts base. For each fact Ai,j , i is the trace identifier
and j corresponds to the attribute Order, while Si,j and Ti,j
are, respectively, source and target states of the activity.
•A22,1 (1,1,22,S22,1 , AS, T22,1 );
•A22,2 (0,2,22,S22,2 , IV, T22,2 );
•A22,3 (2,3,22,S22,3 , NR, T22,3 );
•A23,1 (1,1,23,S23,1 , AS, T23,1 );
•A23,2 (0,2,23,S23,2 , IV, T23,2 );
•A23,3 (0,3,23,S23,3 , CC, T23,3 );
•A23,4 (2,4,23,S23,4 , EV, T23,4 );
•A25,1 (1,1,25,S25,1 , AS, T25,1 );
•A25,2 (0,2,25,S25,2 , IV, T25,2 );
•A25,3 (0,3,25,S25,3 , CC, T25,3 );
•A25,4 (0,4,25,S25,4 , AC, T25,4 );
•A25,5 (0,5,25,S25,5 , AC, T25,5 );
•A25,6 (0,6,25,S25,6 ,EV, T25,6 );
•A25,7 (2,7,25,S25,7 ,NR, T25,7 );
In the previous facts base, the predicate A23,3 (Aname) applied to the parameter Aname returns the value CC.
2) Inference patterns specification and semantics: We propose a set of generic Inference Patterns (IP) to capture
descriptive elements of the target protocol by exploring execution traces. The proposed patterns define recurrent situations
occurring during protocol invocation and they are intended to
combine in a single specification, both the syntactic elements
associated to execution traces (activities) with the structural
concepts manipulated at a high abstract level and expressing
protocol schema (transitions, nodes, split, join . . . ). Inference
patterns are described with a pattern name, a formal specification and a textual description.
a) Pattern specification: Let T be a collection of traces
represented as a set of facts and let P be the target service protocol to be extracted. A general specification of an inference
pattern is as follows.
T argetElement |= IP (Scope, P aram),

where :

(2)

- T argetElement constitutes the logic conclusion inferred
from premises expressed through the predicate IP. This

313

goal specifies a particular element of the protocol (states,
sequences, loops,. . .) that to be discovered.
- IP is a predicate in the first-order logic which captures
the semantics of the pattern type.
- Scope is a constraint over the execution traces set T , i.e.,
execution traces explored using this pattern.
- P aram is a set of optional parameters expressing values
related to the protocol identifier, the activities’ name or
other traces attributes.
b) Pattern semantics: The inference pattern specification
stipulates that a subset of execution traces satisfying the
pattern’s Scope is used in input to evaluate the predicate
IP (Scope, P aram), while considering the set of parameters
Param. If this predicate is evaluated to True then the goal is
satisfied and a corresponding TargetElement is identified as a
structure of the target protocol.
3) Inference patterns identification and formalization:
In the following eight inference patterns are identified and
formalized. The first three ones are intended to extract static
components (states) while the five last ones concern dynamic
structures (transitions). For each identified pattern, we give its
formal specification, we explain its semantics and we illustrate
its usage through an example.
a) Initial state pattern (IP1): In order to identify the initial state of a protocol P, the set of first activities contained in
the associated facts base T (P) is filtered out. The constraints
governing the initial state specification are expressed by the
following inference pattern.
s0 |= InitialState(T , P).

(3)

The semantics of the pattern stipulates that the scope of the
pattern is given by the subset of traces T of P; i.e., T (P ).
After transforming the filtered traces to a facts base FB(P),
the initial state s0 of the protocol is discovered if the predicate
InitialState(T , P) is evaluated to True. This predicate is
evaluated to True if the following condition holds.
∃ i, j, such that: Ai,j ∈ FB(P), and Ai,j (T ype) = 1.

As an illustration, the previous pattern is satisfied for the
following three facts of the facts base of example (3).
•A22,1 (1, 1, 22, S22,1 , AS, T22,1 );
•A23,1 (1, 1, 23, S23,1 , AS, T23,1 );
•A25,1 (1,1,25,S25,1 , AS, T25,1 ).
Furthermore, as the three activities’ names are identical; (i.e,
AS), an unique execution path starting from the state s0 is
created in the target automaton.
b) Final states pattern (IP2): The inference pattern specifying the final states Fl ⊆ S of a target protocol is formalized
as follows.
Fl |= F inalStates(T , P), with l ≥ 1 .

(4)

The final states of P are recognized by focusing on target
states of last activities. Thus, a fact Ai,j expressing a transition
(s, m, s0 ) ∈ R is ending at a final state, only if the predicate
F inalStates(T , P) is evaluated to True. This predicate is
satisfied if the following condition holds.
∃ i, j, such that: Ai,j ∈ FB(P), and Ai,j (T ype) = 2.
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Whenever a final state Fl is discovered, it is added to the
already discovered final states set; i.e., F = F ∪ Fl .
As an illustration, the deployment of the pattern IP2 of
equation (4) to the facts base of example (3) produces the
following subset of facts.
•A22,3 (2, 3, 22, S22,3 , NR, T22,3 );
•A23,4 (2, 4, 23, S23,4 , EV, T23,4 );
•A25,7 (2, 7, 25, S25,7 , NR, T25,7 ).
Thus, three final states F1 , F2 and F3 are discovered and added
to the final states set F of the protocol P; i.e;, F = F ∪
{ F1 , F2 , F3 }.
c) Intermediate states pattern (IP3): From a structural
point of view, an intermediate state is a target state for an
ingoing activity and a source state for an outgoing one. The
corresponding inference pattern is formalized as follows.
Sk |= IntermdediateState(T , P), with k ≥ 1.

(5)

The Pattern semantic indicates that a new intermediate
state Sk is discovered in the protocol P, if the predicate
IntermediateState(T , P) applied to the facts base FB(P)
is evaluated to True. This predicate is True for two facts Ai,j
and Ai,j 0 ∈ FB(P) if their related activities are consecutive
ones. More formally.
Ai,j 0 (Order) = Ai,j (Order) + 1; f or i ∈ [1, |T (P)|] and
j, j 0 ∈ [1, |Ti (P)|].

During the intermediate states reconstruction process, the
target state Ti,j of the first activity and the source state Si,j+1
of the consecutive one are renamed with the same state name
Sk .
As an example, when applying the previous pattern to
the facts base of example (3) with the particular value of
i = 22, two intermediate states are discovered. After the states
extraction, the variables T22,1 and S22,2 in example (3) are
renamed to S1 . In a similar fashion the states T22,2 and S22,3
are renamed to S2 . The discovered two states S1 and S2 are
added to the set of states: S = S ∪ {S1 , S2 }.
By taking into account the already discovered initial and final
states, the improved facts associated to the trace T22 (Ret)
become as follows.
•A22,1 (1, 1, 22, S0 , AS, S1 );
•A22,2 (0, 2, 22, S1 , IV, S2 );
•A22,3 (2, 3, 22, S2 , NR, F1 ).
d) Self-loop pattern (IP4): The existence of self-loop
structures is manifested by execution traces that exhibit activities sequences of the form m.m.m . . .. The following inference
pattern allows detecting states Sj that exhibit such a behavior.
Sj |= Loops(T , (P, A)), with j ≥ 0.

(6)

The self-loop inference pattern is customized with two parameters; the protocol P and the activity A concerned by the
loop test. In the protocol specification, a state Sj holds a loop
structure upon the execution of an activity A, if the predicate
Loops(T , (P, A)) is evaluated to True. This predicate is True
if:
∃ i, j (j ∈ [2, |Ti (P)| − 1]), such that: Ai,j , Ai,j+1 ∈ FB(P)
and Ai,j (Aname) = Ai,j+1 (Aname) = A

In the previous condition, the constraint j ∈ [2 . . . |Ti (P)| − 1]
ensures that loops can’t be built on the initial state (j 6= 1)
and final ones (j ∈ |Ti (P)| − 1).
The exploration of the facts base of example (3) basing on
the self-loop pattern of equation (6) leads to the two following
facts that satisfy the predicate Loops(T , (Ret, AC)) upon the
execution of the activity AC.
•A25,4 (0, 4, 25, S25,4 , AC, T25,4 );
•A25,5 (0, 5, 25, S25,5 , AC, T25,5 ).
After renaming states as follows:
S4 = S25,4 = T25,4 = S25,5 = T25,5 , the two previous facts
become:
•A25,4 (0, 4, 25, S4 , AC, S4 ),
•A25,5 (0, 5, 25, S4 , AC, S4 ).
e) Activities sequence pattern (IP5): A sequence structure links chronologically, at least, two activities Ai,j and Ai,j 0
by a common state Sk . Such structures are expressed by two
transitions (s, m, Sk ) and (Sk , m0 , s0 ) ∈ R. The following
inference pattern allows extracting sequences constructs from
the activities facts base.
(Ai,j , Ai,j 0 ) |= Sequence(T , (P, Sk )).

(7)

The semantics of the pattern is interpreted as follows. First,
only traces of the input protocol P are handled. When exploring the corresponding facts base FB(P), for each state
Sk introduced as an input parameter of the pattern, the pairs
of consecutive activities (Ai,j , Ai,j 0 ) are searched by locating
incoming activities Ai,j and the outgoing ones Ai,j 0 , while
evaluating the predicate Sequence(T , (P, Sk )). For a given
state Sk this predicate is evaluated to True, for all the facts
Ai,j and Ai,j 0 ∈ FB(P) satisfying the condition.
∀ i, j, j 0 , such that: Ai,j , Ai,j 0 ∈ FB(P);
Ai,j (T state) = Ai,j 0 (Sstate) = Sk (Sk ∈
/ F)

By applying the pattern IP5 to the facts sub-base presented at
the end of the pattern IP3 (see section III-B3c) with S2 as a
parameter, the predicate Sequence(T , (Ret, S2 )) is evaluated
to True for the two activities IV and NR (j=2 and j’=3),
because A22,2 (T state) = A22,3 (Sstate) = S2 . Thus, it’s
inferred that the state S2 links the two activities IV and NR.
Consequently, a sequence structure is discovered.
f) Join structure pattern (IP6): Join structures express
the convergence of several activities to an unique state of the
automaton. The following pattern is used to detect activities
involving a join structure over a state Sk of P.
Ai1 ,j1 , Ai2 ,j2 , . . . , Ain ,jm |= Join(T , (P, Sk )).

(8)

The pattern semantics indicates that a state Sk introduced as
an input parameter of the pattern represents a join node for
a sub-set of activities performed in execution traces T of a
protocol P, if the predicate Join(T , (P, Sk )) is evaluated to
True. This predicate is True if the following condition holds.

facts predicate of equation (1).
•A20,2 (0, 2, 20, S2 , Select, T2 );
•A30,3 (0, 3, 30, S3 , Validate, T3 );
•A40,5 (0, 5, 40, S5 , Purchase, T4 );
•A50,8 (0, 8, 50, S8 , Payment, T4 ).
According to equation (8), the predicate Join(T , (Ret, T4 ))
is evaluated to True for the two last facts:
{A40,5 , A50,8 }, (i1 = 40, i2 = 50 and j1 = 5, j2 = 8) and the
state T4 constitutes a join node for the activities Purchase
and Payment.
g) Split structure pattern (IP7): A split structure represents a subset of distinguished transitions which are outgoing
from a same source state Sk . The specification of the inference
pattern for discovering split nodes in the facts base T (P) is
formalized as follows.
Ai1 ,j1 , Ai2 ,j2 , . . . , Ain ,jm |= Split(T , (P, Sk )).

(9)

The semantic carried by this pattern is interpreted as follows. A
state Sk introduced as a parameter of the pattern constitutes a
split node for the outgoing activities Ai1 ,j1 , Ai2 ,j2 , . . . , Ain ,jm ,
if the predicate Split(T , (P, Sk )) is evaluated to True. This
predicate is satisfied if the following constraint holds.
∃ i1 , i2 , . . . , in , j1 , j2 , . . . , jm , such that:
Ai1 ,j1 , Ai2 ,j2 , . . . , Ain ,jm ∈ FB(P) and Ai1 ,j1 (Sstate) =
Ai2 ,j2 (Sstate), . . . , = Ain ,jm (Sstate) = Sk
As an illustration, let us consider the two following facts of
example (3).
•A22,3 (2, 3, 22, S22,3 , NR, T22,3 );
•A23,3 (0, 3, 23, S23,3 , CC, T23,3 ).
According to the intermediate state pattern IP3, the states S22,3
and S23,3 are renamed to S3 , leading to the facts:
•A22,3 (2, 3, 22, S3 , NR, T22,3 );
•A23,3 (0, 3, 23, S3 , CC, T23,3 ).
The predicate Split(T , (P, Sk )) is evaluated to True for the
state S3 which constitutes a split node for the two activities
NR and CC.
h) Cycles on sub-structures (IP8): Instead of looping on
simple states, service instances may iterate a whole activities
sequence during their executions. More formally, consider that
I is an instance of a web service with its trace Ti and let
[Ai,1 .Ai,2 . . . . .Ai,l ] be an activities sequence of length l (with
l > 1) which is performed by I during its interaction with the
service. If the previous activities sequence [Ai,1 .Ai,2 . . . . .Ai,l ]
occurs more than once in the same trace, it is deduced that
a cycle on a sub-structure exists in the protocol specification.
The following pattern is deployed to extract potential existing
cycles on sub-structures of the protocol.
[Ai,j .Ai,j+1 . . . . .Ai,j+l ] |= Cycle(T , P).

(10)

∃ i1 , i2 , . . . , in , j1 , j2 , . . . , jm , such that:
Ai1 ,j1 , Ai2 ,j2 , . . . , Ain ,jm ∈ FB(P) and Ai1 ,j1 (T state) =
Ai2 ,j2 (T state), . . . , = Ain ,jm (T state) = Sk

The semantics of the pattern is interpreted as follows. A cycle
is detected for an activities sequence [Ai,j .Ai,j+1 . . . . .Ai,j+l ],
if the predicate Cycle(T , P) is evaluated to True. This predicate is satisfied for the previous sequence if:

For instance, assume that four facts A20,2 , A30,3 , A40,5 and
A50,8 of a purchase protocol are described according to the

∃ i, j , such that: Ai,j , Ai,j+1 , . . . , Ai,j+l ∈ FB(P) and
Occurrence([Ai,j , Ai,j+1 , . . . , Ai,j+l ]) > 1.
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IV. I MPLEMENTATION AND E XPERIMENTS
This section briefly describes a prototype, named Logical
Business Protocol Reconstructor (LBPR) which implements
the proposed approach. First, the system architecture is presented then preliminary experimental results are discussed.
A. System Architecture and functionalities
Java environment integrating useful Eclipse plug-ins, such
as MySQL-connector and JPL (Java Programming Logic) [?]
have been used to implement the prototype LBPR. The JPL
library allows incorporating Prolog in Java and it’s used by
Java for interacting with SWI-Prolog [?]. As illustrated in
Fig. 2, the prototype LBPR is organized around three main
components interacting with the conceived knowledge base.
Importing
traces

C. Exploration of the knowledge base
A multi-stages process is conducted to explore the conceived knowledge base in order to extract the structural
elements of the target protocol. These steps are:
1) Once the traces database is imported from providers’
information systems, a pre-processing phase is initiated.
It consists in removing noises and unnecessary attributes,
such as information about service quality (QoS) and
time-stamp. Further, in order to optimize the overall efficiency of the proposed approach redundant and included
traces are removed. Thus, if the traces T1 , T2 , . . . , Tn are
contained in a trace Tm , then only Tm is retained to be
exported to the cleaned traces database.
2) Cleaned execution traces are exported to an adequate
database that is ready to be exploited as input of the
knowledge base reasoning system.
3) Each execution trace Ti of length l is transcribed to
l separate facts which are stored in the facts base. In
the other hand, the formalized inference patterns are
implemented as production rules. Facts and rules are
expressed in a low level language such as Prolog.
4) An inference engine using backward chaining (Prolog)
is deployed to produce the descriptive elements of the
target protocol by assessing the production rules. The
attributes of inferred structures are stored as XML elements expressing state names and their types, transition
names and their attributes,. . . . Additionally, conformance checking actions are performed to avoid errors
and inconsistency that can occur in the built protocol,
such as unreachable states, absence of initial and final
states.
5) For ergonomic viewing reasons, a graphical representation of the built protocol is provided to end users to allow
them refining and enhancing the produced protocol in a
visual manner.
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For identifying potential cycles in the target protocol, possible
duplicated occurrences of the activities sequence in a trace
Ti are examined depending on different values of the length
1 < l ≤ |Ti |.
As an illustration, consider an instance I = 100 with its execution trace T100 (P) = a.b.c.d.b.c.e, having the two redundant
activities b and c. According to the facts representation, (see
subsection (III-B1)), the trace T100 (P) is transformed to the
following subset of facts.
•A100,1 (0, 1, 100, S100,1 , a, T100,1 );
•A100,2 (0, 2, 100, S100,2 , b, T100,2 );
•A100,3 (0, 3, 100, S100,3 , c, T100,3 );
•A100,4 (0, 4, 100, S100,4 , d, T100,4 );
•A100,5 (0, 5, 100, S100,5 , b, T100,5 );
•A100,6 (0, 6, 100, S100,6 , c, T100,6 ).
•A100,7 (0, 7, 100, S100,7 , e, T100,7 ).
For the same trace T100 , the activities b and c appear more
then once in the facts base. Further, for the value l = 2,
the sequence b.c is redundant in the facts base and thus, it
is deduced that a sub-structure performing a cycle on the
activities sequence b.c exists in the service protocol schema.

(1)

Protocol
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in prolog
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XML
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Graphical
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of the protocol
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Base

(2)

(3)

Fig. 2. System Arhitecture and functionalities

The first component of LBPR is the Execution Traces
Management module which allows users connecting to the
log files database in order to select and to import execution traces of the concerned web service. After that, a preprocessing step is initiated. It consists in removing redundant
and included traces (module: cleaning traces). At this stage
the relevance and the representativeness of imported traces are
evaluated by calculating the rate ρ of the complete traces with
regard to the total number of the imported traces: ρ = C/P ;
with C= Complete traces and P = Imported traces. This
verification is ensured by the module Checking traces size
and Consistency.
The second component of LBPR enables constructing the
facts base in accordance to the facts predicate model of equation (1). Once the facts base is generated, the system performs
automatically the extraction of the protocol as a sequence
of chronological actions. In each step, a particular structure
inference pattern is activated. The protocol extraction process
is controlled through parameters settings which determine the
inference pattern that should be performed, some adjustable
thresholds and the levels of details for writing the reasoning

engine logs. The user gets a detailed log of all mining steps
expressed by native prolog traces.
The last component of LBPR allows different representation
of the built protocol. In fact, upon patterns execution the
induced goals constitute the descriptive elements of the target
protocol. The discovered structures are managed in XMLformat and are stored in adequate files describing the target
automaton. Each XML element in the output file represents
either a protocol state or a transition between states. The
attributes associated to XML elements express values of properties characterizing states names, transitions names and states
types, as well as the screen positions manipulated during the
graphical visualization of the protocol. For ergonomic reasons,
the prototype LBPR was consolidated by a graphical editor
that allows viewing and browsing the extracted protocols.

traces represents 46 % of the total size of the introduced
data-set. Once duplicated traces were removed, only filtered
ones are submitted to an inclusion checker module which tests
traces inclusion and discards the included traces for the next
experimental steps. Empirical observations show that average
38 % of the total traces are included in other ones, because
we are dealing with real business processes characterized by a
bounded number of execution paths. After the pre-processing
step, execution traces are reduced approximately to 34 % of
their original size. These proportions are largely suitable for
the remainder of the experiment process. In the other hand,
the observation of the manipulated data shows that the average
of activities is generally around 10 activities per trace. Consequently, after the pre-processing step, the size of corresponding
facts in each data-set approximates, respectively, BF1=3.400,
BF2=29.700, BF3=272.000 and BF4=594.000.
To examine the efficiency and the relevance of the proposed
patterns, in a second experiment the time spent during the
reasoning step is evaluated. Hence, when chronologically
activating the various inference patterns, the time consumed by
the reasoning engine to resolve Prolog clauses was calculated.

Fig. 3. Graphical viewing and browsing of the target protocol

As depicted in Fig. 3, a partial extracted retirement protocol is produced by LBPR from execution traces data-set.
Furthermore, in order to improve the protocol specification and
visualization, a graphical tool box provides useful functions,
like moving states/activities from one position to another,
adding or renaming states/activities and finally removing elements. Another useful feature of LBPR is the conformancechecking tool which ensures the verification of a set of
correctness criteria (initial, final and unreachable states . . . ).
B. Experiments
To evaluate the scalability and the performance of the
proposed approach, we conducted experiments with the prototype LBPR over synthetic data-sets originating from various
fields (pension, e-commerce, booking flights) and containing
respectively: DS1=1.000, DS2=10.000, DS3=100.000 and
DS4=200.000 traces.
In a first experiment, we focused on the pre-processing step
by evaluating the rates of redundant and included traces, while
recording the elapsed time during data cleaning. To this end,
the data-set DS3 containing 100.000 traces was chosen and
treated. It was observed that the rate of redundant execution

Fig. 4. Variation of the protocol extraction time

As shown in Fig. 4, this time grows linearly according to the
size of the facts base introduced in input. As the protocol extraction process operates on cleaned data, the obtained results
are very satisfactory and turn around 25 minutes (1532 seconds) for the largest data-set DS4 (BF ' 594.000 facts). These
results encourage the system deployment for handling largepublic applications (e-government, e-learning, e-commerce,
. . . ) which are characterized by a high size of execution data.
Nevertheless, when viewing the resulting protocol as a finite
state machine different display problems arise, due the aleatory
attributes associated to the automaton states in the XML files.
In fact, we associate to each discovered state two random
coordinates (x,y) to display it on the screen. To overcome this
limitation, while enhancing protocol’s viewing, user’s manual
intervention is required. In this trend, system users can drug
and drop states and transitions from one position to another.
The new values of the graphical positions are captured and
stored as attributes of the automaton description.
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V. C ONCLUSION AND F UTURE W ORK
In this work an approach based on first-order logic predicates is proposed to extract web services business protocols.
Activities expressing log events are transcribed to first-order
predicates and are implemented as Prolog clauses. Furthermore, inference patterns have been identified and formalized as
a key concept for business protocol extraction. The discovered
protocols are complete; i.e., all recorded traces are covered by
the extracted protocol, and minimal; i.e., future interactions
can’t be predicted and handled by the system.
Beyond the benefits from logic programming paradigm
(extensibility, traceability, easy implementation and best performances. . . ), the main contributions of this work are: (i) a
logic formal framework for extracting web services protocols
is suggested. (ii) a technique based on redundant and included
traces is adopted to reduce the search space. (iii) the proposed
approach is declarative, configurable and customizable. (iv)
the proposed approach is implemented and experimented using
real-life data.
In future works, we plan to improve the output protocol
viewing. As a potential direction, we project to deploy and
experiment the approach on big data originating from social
networks.
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Abstract—With the significant growth of the number of services on the Internet, the selection of a web service among several
similar services has become a very delicate task for the web
services client. In this paper, we propose an approach based on
the MCDM methods for selecting the best services. Our approach
is composed of two main steps, i) we use the AHP method to
assign weights to each non-functional property that qualify a Web
service. ii) We use these weights to rank the list of the similar
services in order to select the best one. For ranking services
we use the TOPSIS method. We implemented our approach as a
distributed solution based on a set of Agents that interact together
in order to obtain the best desired service as fast as possible. The
use of Agent allows to improve the efficiency of the proposed
approach. To demonstrate the applicability of our approach we
have used a set of real services related to SMS sending. The
obtained results shows the efficiency of our approach.
Index Terms—Web Service Selection, QoS, AHP, TOPSIS,
Service Ranking, Multi-Agent System.

I. I NTRODUCTION
Nowadays, Web services have become indispensable in
almost every field. They constitute a category of web solutions
used in industries, such as banking, shopping, and communications. They can be described simply as any service offered
on the Web. For example, in a weather web application, a user
fills the city name, the website sends the weather forecast for
that city as response.
Web services are the most appropriate technologies for
implementing the Service Oriented Architecture (SOA). SOA
is an architectural style for building service-oriented solutions
[1]. It is composed of three participants [2]: i) Service Provider
which develops the services and makes them available on
the Internet for users. ii) Service Registry: it is a centralized
location in which the interfaces of the services are published
by the providers. iii) Service Requester (sometime called service client) which searches services in the service registry and
consumes them by sending requests to the service providers.
Web services are based on standard technologies and protocols
(based on XML) that allow applications to communicate
remotely via the Internet, regardless of the platforms and
languages on which they are based. They are widely used by
companies, which allow them to expose a number of services
and exchange information between them.
Due to the great success of web services the number of
deployed web services in the web is growing fast. A simple

request from a client can have hundreds (or thousands) of
similar services as result. As consequence, the client has a
serious issue for selecting the “best” service among the returned list of services. We mean by “best” service, the service
that respond to the client requirements. In fact, the Quality
of Service (QoS) is considered one of the most important
metrics for distinguishing between services. In general, the
returned services are not sorted based on QoS, but they sorted
based on their registration date in UDDI registry [3]. In the
literature, several solutions have been proposed to deal with the
problem of selecting the best services. Some of these solutions
are based on i) syntax/semantic based approaches [4] [6], ii)
user profile based approaches [7], iii) genetic algorithm based
approach [8] iv) QoS based approaches [5]. Generally, the QoS
based approaches are most popular in the industry. The QoS
can be defined as the description or measurement of the overall
performance of a service by taking into consideration the nonfunctional properties such as: reliability, availability, response
time,...etc [9]. A web service consists of a functional part that
describes what the service must do and a non-functional part
that describes how the service can do it.
Besides, selecting services based on QoS is like solving
a multi-criteria problem by searching a service that meets
several non functional properties. Multiple Criteria Decision
Making (MCDM) is a family of multi-criteria decision analysis
methods. We can cite for example, Elimination and Choice
Translating algorithm (ELECTRE) [10], Technique for Order
of Preference by Similarity to Ideal Solution (TOPSIS) [11],
AHP [12],...etc.
In this paper, we propose an approach based on the MCDM
methods for selecting the best services. Our approach is
composed of two main steps: First, we assign weights to each
non-functional property that qualify a Web service. We use
in this step the AHP method. Second, we use these weights
to rank the list of the similar services in order to select the
best one. For ranking services we use the TOPSIS method. As
the number of services in the Internet becomes very high, the
process of weighting and ranking services takes long time. But,
the user wants to get an answer to his request in minimal time.
So, we propose to implement our approach as a distributed
solution based on a set of Agents that interact together in
order to obtain the best desired service as fast as possible.

319

Agents are software entities that interact with an environment
and are likely to change and evolve based on external and
internal stimuli, the latter being due to the proactive and
deliberative capabilities of the Agents themselves [14]. We
provide in this work a collaborative solution in which, each
Agent is responsible of a unique task in our system. In this
way, we accelerate the processing of the user request. In
order to evaluate our approach we show its applicability on
an example of selecting the best service among a set of real
services related to SMS sending web services.
This paper is organized as follows: Section II presents some
related work. Section III describes our proposed approach.
In the Sections IV and V we present how we applied the
AHP and TOPSIS methods. Before concluding we present
in Section VI the obtained experimentation results. Finally,
Section VII presents a conclusion and future directions of this
work.
II. R ELATED W ORK
In [15], the authors proposed a web service QoS Manager
module responsible for measuring QoS information for the
collected Web services, and information is stored in the Web
Service Storage.
In the work proposed in [13], the author has added a new
component called OoSBF (Quality of Service Bootstrapping
Framework) which considers the need for QoS qualification
integration when publishing a new Service and before it is
used.
QoS is an important factor for the evaluation of distributed
paradigms, indeed several studies mention that the justification
of QoS is done at the time of the selection of service or
during execution. Several quality services are mentioned in
this work, we can cite: Latency, Execution time, Response
time, Throughput, Availability, Reliability, and Accessibility.
In the work proposed in [16], the author added to the
UDDI register a new component called MEC, which deals
with the evaluation of possible components in order to help
the applicant of the service in question to choose the Web
service to invoke. It confirms that, in order to carry out a better
selection of web services, it was necessary to use the different
non-functional criteria instead of the functional criteria since
in general they are the same functionality and since this is not
a single objective solution, the author proposed a multi-criteria
evaluation.
In [17], we have proposed a web service selection approach
based on the TOPSIS method. This approach has been tested
by a first step experiment with four quality criteria and in the
second part by six quality criteria: response time, reliability,
documentation, security, precision and cost. The entries of
this proposal being the decision matrix including the weights
of each criterion. These weights, which play a very decisive
role in the results obtained by TOPSIS, are captured by the
system designer. In [17], we did not take into consideration
the weights relating to the criteria, these weights are filled
manually by the designer.
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III. P ROPOSED APPROACH
In this section, we present our approach which is depicted
in the Figure 1. In this figure, we show the life cycle of
a user request for a given Web service. The request is a
keyword with a set of criteria. First, in our approach the
provider publishes a set of Web services in the service registry
(UDDI). It associates with each service description a set of
QoS information such as availability, reliability, etc. (A.1 in the
figure). The UDDI saves the QoS in a local data base (see A.2).
Second, the Requester Agent receives requests from the
service client. Hence, the Requester Agent sends the Web
service requests with the desired QoS to Broker Agent
(B.1 in the Figure). The latter, forwards these requests to the
service registry in order to find all the services that answer to
the request and the desired QoS (see B.2). Once the Broker
Agent receives the list of similar services (B.3 and B.4 in
the Figure), it interacts with Weighting Agent in order
to calculate the weights that are related to the desired QoS
criteria (see B.5). In this step, we use AHP method to calculate
such weights. The obtained list of weighted services is sent
to the Ranking Agent (see B.6). The Ranking Agent
classifies this list of weighted services by assigning scores to
each one. We use for this, the TOPSIS method. In this way,
we can obtain the best service based on the assigned scores.
Finally, the Ranking Agent sends the best service to the
Requester Agent which is an answer to the service client
request.
The two used methods (AHP and TOPSIS) in our approach
are considered as the most popular methods for multi-criteria
decision methods.

Fig. 1. Proposed approach

A. Description of Agents
This section describes each agent in our approach.
• Requester Agent: is responsible of receiving requests from service client and forward them to Broker

•

•

•

Agent. It contains two modules: i) An interface module
which allows to other Agents to interact with this Agent.
ii) Communication module: it is a module responsible
of the treatment the messages exchanged between the
current Agent and the rest of the Agents.
Broker Agent: It deals with the client requests for
searching the desired services in the service registry. The
returned services are sent to the Weighting Agent.
It contains a communication module; it saves the similar
web services in a local database.
Weighting Agent: It has a processing module which
is responsible of calculating the weight of the QoS
criteria for each service that is received from the Broker
Agent. To do so, it uses the AHP method.
Ranking Agent: It allows to rank the web services
that are received from the Weighting Agent. After
that, it provides the best service according the client
requirements. This Agent uses the TOPSIS method for
the service ranking.

B. Functional description of the approach

the quality of service is defined in our work as a combination
of several criteria which may be quantitative such as response
time, availability, reliability, etc. or qualitative such as usability, accessibility, etc. These parameters can then be considered
as criteria of choice between several discovered web services
that respect the client requirements. In this work, we have
selected four criteria:
•

•
•
•

Reliability: is the ability of a service to perform the
required functions under specified conditions for a given
period of time [21].
Throughput: is the number of completed service requests over a time period [22].
Response time: is the time duration between a service
user sending a request and receiving a response [23].
Cost: is the price to be spent to execute a web service,
this cost may be provided by the service provider [5].

The AHP uses a set of numerical rates, where each rate is
related to a given preference (see Table I).

Here, we explain how the agents interact together in order
to give an answer (best service) to the service client. As
explained above the service provider has to publish a set of
services in the service registry. The client sends to the system a
request containing functional and non functional criteria. The
Requester Agent receives the request and start communicates with the other agents following the sequence diagram
presented in the Figure 2.

TABLE I
P REFERENCE S CALE [18]
Verbal Judgment of Preference
Extremely preferred
Very strongly to extremely preferred
Very strongly preferred
Strongly to very strongly preferred
Strongly preferred
Moderately to strongly preferred
Moderately preferred
Equally to moderately preferred
Equally preferred

Numerical Rating
9
8
7
6
5
4
3
2
1

The following three-step procedure provides a good approximation of the synthesized priorities [18]:
•
•

Fig. 2. Functional description of the approach

In this figure, the Requester Agent sends an asynchronous message to the Broker Agent to find services
with a desired QoS. The latter, sends a synchronous message
to the UDDI. As a result Broker Agent receives a list
of similar services which is forwarded to the Weighting
Agent as an asynchronous message. This Agent weights the
services and sends an asynchronous message to the Ranking
Agent to classify them based on the calculated scores.
The best service is sent as an asynchronous message to the
Requester Agent.

•

Step 1: Sum the values in each column of the pairwise
comparison matrix.
Step 2: Divide each element in the pairwise matrix by
its column total.
Step 3: Compute the average of the elements in each row
of the normalized matrix.

For example, Table II and Table III show how the AHP
method is applied to obtain weight for the QoS criteria: Cost,
Response time (Rt), Reliability (Rel), and Throughput (Th).
TABLE II
C OMPARAISON MATRIX
Cost
Rt
Rel
Th
Sum

IV. W EIGHTING OF Q O S C RITERIA USING AHP
In this section, we present how we have applied the AHP
method to designate weights related to quality criteria. First,
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Cost
1
3
5
7
16

Rt
0,3333
1
2
6
9,3333

Rel
0,2
0,5
1
4
5,7

Th
0,1429
0,1667
0,25
1
1,5595

TABLE III
W EIGHTS CRITERIA
Cost
Rt
Rel
Th
Checksum

0,063
0,188
0,313
0,438
0,563

0,036
0,107
0,214
0,643
0,357

0,035
0,088
0,175
0,702
0,298

TABLE V
N ORMALIZED MATRIX
0,092
0,107
0,16
0,641
0,359

Weights
0,056
0,122
0,216
0,606
1

Services/ Criteria
SMSWS
SmsWS
SendMessage
SendSMS
SendSMSWord

V. W EB SERVICES RANKING WITH TOPSIS METHOD
The TOPSIS is a method whose purpose is to be able to
classify in order of choice a certain number of alternatives on
the basis of a set of favorable and unfavorable criteria. It is part
of the techniques used in the field of multi-criteria decisionmaking. It was developed by Hwang and Yoon in 1981 as an
alternative to the ELECTRE method and can be considered as
one of its most widely accepted variants.
The ranking of alternatives in TOPSIS is based on “similarity to the ideal solution”, which avoids having the same
resemblance to the positive ideal and the negative ideal [19]
[20]. The different steps of the TOPSIS method are described
in [17].
VI. EXPERIMENT
In this section we show how we apply our approach for
on a real example. We show how to select the best service
among a set of real services related to SMS sending web
services. The used similar services are as follows: SMSWS,
SMS, SendMessages, SendSMS, and SendSMSWorld. Each
Web service is characterized by four criteria: reliability(Rel),
throughput(Th), Cost and response time(Rt). The reliability
and throughput are favorable criteria and the two other criteria
are not favorable.
The assigned values for the web service criteria are used to
create a decision matrix. For our example the obtained matrix
is presented as follows:
Rel T h Cost
Rt


SM SW S
79, 3 6, 3
11
751
 81 5, 2
SM S
2
113, 8 


SendM essages 
53,
6
4,
5
9
291,
07 


 67 6, 8
SendSM S
3
1308 
SendSM SW orld 64, 3 5, 3
4
3103

The application of the AHP method gives for each criterion
the weights that are depicted in Table IV:
TABLE IV
P REFERENCE S CALE
Criteria
Weight

Cost
0,056

response time
0,122

Reliability
0,216

Throughput
0,606

These weights are the inputs for the Ranking Agent
that uses the TOPSIS method. The TOPSIS method start by
creating a decision matrix (presented above) which contains
the Web services QoS values. This matrix is normalized as in
Table V.
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Rel
0,508
0,519
0,344
0,429
0,412

Th
0,496
0,409
0,354
0,535
0,417

Cost
0,724
0,132
0,592
0,197
0,263

Rt
0,217
0,033
0,084
0,378
0,896

The normalized matrix is used with previous weights in
order to build the weighted normalized matrix. The obtained
Matrix is depicted in Table VI.
TABLE VI
W EIGHTED NORMALIZED MATRIX
Alternative
SMSWS
SmSWS
SendMessage
SendSMS
SendSMSWord

Rel
0,110
0,112
0,074
0,093
0,089

Th
0,301
0,248
0,215
0,324
0,253

Cost
0,041
0,007
0,033
0,011
0,015

Rt
0,026
0,004
0,010
0,046
0,109

By applying the final step in our approach, we obtain the
scores for each Web service (see Table VII). The best service
is the one with the highest score. So in our example, the
SendSMS is the best recommended service to the client.
TABLE VII
W EB S ERVICE R ANKING
Alternative
SMSWs
SmsWs
SendMessage
SendSMS
SendSMSWord

Score
0,72737
0,61391
0,45466
0,73874
0,27189

order of choice
2
3
4
1
5

VII. CONCLUSION
In this work, we proposed a approach based on selecting
the best web service. Since the criteria weights have a large
influence on the choice of web services to be provided to the
user, we have used the AHP method to evaluate the weights
instead of grabbing them manually by the designer. We have
also used the TOPSIS method as a MCDM method to solve
the problem Web service ranking. The use of Agents in the
web services selection allows us to improve the efficiency of
our approach.
In addition, in order to demonstrate the feasibility of our
approach we have used a real example of Web services have
a set of QoS values. The results shows that our approach can
select the best and closest candidate services.
In a future work we plan to deal with the following aspects:
• improve the selection process by introducing other quality
of service measures;
• improve the efficiency of the proposed approach by using
the power of cloud computing technology.
• integrate the fuzzy logic in the web service selection.
Where, the client request includes not only the discrete
values of QoS but, also linguistic terms such as: excellent,
good, and medium services.
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Abstract—The analysis of complex networks is an interdisciplinary area that combines many fields such as data analysis,
graph theory, computer science, etc. It gives an accurate description of many phenomena that imply interactions between
different components of complex systems. One of the most
important issues in studying such networks is probing community
structures. It consists of dividing the network into modules with
dense intra-connections, and sparse interconnections. The nodes
within such communities share common features and collaborate
to execute same task in the network. This paper aims to survey
models of underlying communities in complex networks that have
been studied by researchers. In addition to that, it gives an
insight to the challenging issue of interpretation of underlying
communities, according to the fields of their applications and
network structures.
Index Terms—Complex network, community detection, collaborative filtering, Sybil defence, web communities, service
composition.

I. I NTRODUCTION
Complex networks are irregular and dynamic structures that
present three main characteristics [1]: the small world propriety, the scale-free connectivity distribution and high clustering
coefficient (transitivity). 1) The small world propriety means
that the average path length between any two nodes in the
network increases languidly (logarithmically) with the network
size, 2) the connectivity distribution in complex networks is
characterised by a power law 3), finally, complex network has
a greater clustering coefficient. According to their application
fields, E.M.J. Newman has divided complex networks into
four categories [2]: social networks, technological networks,
biological networks and information networks. This paper
studies information networks which cover three main classes:
1) two-party communication networks (e.g. email and IM), 2)
multi-party communication (e.g., bulletin boards and mailing
lists), 3) content-sharing sites (e.g., YouTube and Flickr).
By the development of big data and advanced data analytics platforms, huge amount of topological information
from archival records (mail servers’ logs, online journals, etc.)
allowed a precise description of topology and dynamics of very

large information networks. However, the amount of data is
so large that it is difficult to identify the exact topological
structures. In addition to that, the lack of a mesoscopic
description makes it hard to depict different autonomous
modules in the network and the way nodes collaborate within
them. Thus, probing community structures is one of the most
important issues in studying these complex networks. Indeed,
automatic discovery of network communities appears to be
a good solution for revealing the coarse-grained structure of
networks which are too complex for users to make sense
of at the individual vertices level and understanding the
features of nodes just from network topology. Even though,
many publications have studied clustering algorithms [3], the
network communities have been scarcely investigated from the
application point of view. Indeed, till now, there is not a formal
consensus for defining either what are communities, or what
are the purposes of such coalitions. The common definition of
a community given in most publications is a set of vertices
which share common features or collaborate to execute same
tasks. Another commonly used one is a subgraph in which the
number of internal edges is larger than the number of external
edges [3].
In this paper, we try to survey taxonomy of community
models in complex information networks, their advantages
and drawbacks. In comparison to the existing works, the main
contribution of this work consists of introducing the problem
of interpreting the underlying communities in information
networks, according to their application domain.
The reminder of this paper is organised as follows: the next
section outlines the existing community models in the literature. Section III classifies network communities according
to their applications. Section IV compares existing proposals
that use community structures. Finally, section V concludes
the paper.
II. C OMMUNITY AS A MATHEMATICAL MODEL
In this section, we explore the different mathematical models used in literature to describe communities in complex
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networks. These models may be divided into four classes 1)
graph model 2) stochastic model 3) data clustering model 4)
game theoretic model.
The interconnection network is represented as a
weighted graph G(V (G), E(G), W ) or unweighed graph
G(V (G), E(G)). Where G(V (G) is vertices set, E ∈ V 2
is edges set and W : E(G) −→ R+ is weight function that
associates to each edge (i, j) a real number wi,j . In the
following, N (k) is the set of neighbours node k ∈ V and
dk ∈ V the degree of node k, where
X
wk,i
(1)
dk =
k∈Nu

A. Graph model

A community in network is defined as highly cohesive
subgroup of nodes. The cohesiveness can be quantified by two
dimensions [4] : completeness and centripetal-centrifugal.
1) Completeness dimension: means that high fraction of
pairs in the community are directly linked by the appropriate
relation. One of the most popular graph concepts used to define
communities are:
a) Clique: maximum complete subgraph of G [5], [6].
b) N-clique: maximal subgraph G0 of G such that [6]:
∀u, v ∈ G0 : dG (u, v) ≤ n.

(2)

1) Strong stochastic model: C(V (C), E(C)) is a strong
stochastic community if:
∀i ∈ V (C) : ∀j ∈ V (C), ∀k ∈ V (G) − V (C) : Pi,j < Pi,k .
(5)
2) Weak stochastic model: C(V (C), E(C)) is a weak
stochastic community if:
∀i ∈ V (C) :

P

j∈V (C)

pi,j

|V (C)|

>

P

j∈V (G)−V (C)

pi,j

|V (C)|

.

(6)

3) Markov chain and random walk model: a random walk
is associated to a graph G(V (G), E(G)), which is a path, such
that at each step t an outgoing edge (i, j) from node i to node
j is chosen with probability:
wi,j
.
(7)
Pi,j =
dk
The probability of finding a walker at node j ∈ V (G) at t is:
X
pj (t) =
Pk,j p(t − 1).
(8)
k∈N (j)

C is a community if

∀j ∈ V (C), ∀k ∈
/ V (C) : Pj (t) > Pk (t).

(9)

C. Data cluster model

Where dG (u, v) is the distance between u and v in graph G
c) N-clans: n-clan G0 of G is an n-clique of G such that

Let N be a network with a set of nodes p1 , p2 , . . . , pn each
node pi is considered as a vector of features

∀u, v ∈ G0 : dG0 (u, v) ≤ n.

pi = [fi1 , fi2 , . . . , fim ].

(3)

Where d (u, v) is the distance in graph G . This model
allows a better cohesion [7] within the community and avoids
disconnections between nodes.
d) N-club: maximal subgraph of G of diameter n [5].
e) K-plex: subset of k nodes (k < n) in the network
such that each node is a neighbour of at least (n − k) other
nodes in the subset [7].
2) Centripetal-centrifugal dimension: this class measures
how much nodes of the community are related to external
nodes. For this, measures of centripetal cohesiveness of a
ext
community C have been introduced such as cut-ratio δC
,
which is defined as the ratio between the number of external
ext
edges KC
and the total possible external edges nc (n − nc ),
G0

n =| V (G) |

ext
KC
.
nC (n − nC )

0

(4)

Then, a set of nodes is assumed to be a community if this
ext
metric is less than a given threshold ξ. (δC
< ξ) [4].
B. Stochastic model
In stochastic model, community is considered as subnetwork
in which nodes have higher probability to form edges with
other nodes within the same community than with the other
vertices.
Let C(V (C), E(C)) be a subnetwork of G(V (G), E(G)).
Pi,j : probability to form an edge between nodes i and j. In
this scope, there is three models [4]:
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(10)

Clustering is defined as a set of modules C1 , C2 , . . . , Ck that
optimise a specific criterion computed in function of d(pi , pj )
which is a distance function that determines similarity between
each pair of data points pi , pj . Every cluster Ci is considered
as a community or a coalition.
D. Game theoretic model
Many authors have proposed solutions of depicting community structures based on game theory.
Every game Γ = (N, (Si )i∈N , (Ui )i∈N ) can be described
using three parameters:
• set of players (dicsion makers) N = 1, 2, . . . , n indexed
by i which could be agents, nodes, users, etc.
• The strategy space (Si )i∈N , such that a strategy is a
set of nodes communities. For each player i, Si =
{Si1 , Si2 , . . . , Sim } is a set of his strategies.
• Ui : Si 7→ R is the utility payoff function, which
is the expected income player i gets when S =
{S1 , S2 , . . . , Sn } is implemented.
The game can be cooperative or non-cooperative.
1) Non-cooperative game theory model for community detection: in non-cooperative game, the solution concept used
to derive good communities is Nash equilibrium; a strategy
S = {S1 , S2 , . . . , SN } is said to be Nash equilibrium if ∀i ∈
N, Si is the best response to S−i . i.e. At Nash equilibrium,
no player tries to change his strategy.

2) Cooperative (coalitional) game theory model for community detection: in cooperative game theory, a community is
a local coalition of players in the network to maximise a payoff
(e.g. local modularity). A player chooses a partition according
to a Pareto dominance strategy over his payoffs. Then, some
communities are split and some neighbouring communities are
merged until the Nash equilibrium is reached.
III. A PPLICATION FIELDS OF C OMMUNITIES IN COMPLEX
NETWORKS

Even though many works use the general and intuitive
definition that considers the community as a module in which
the number of intra-community edges is much higher than
the number of inter-community edges, it is still confusing and
does not define the common features shared between nodes
and the task insured by the community in the network. In this
section, we review the most common community application
domains found in literature, we depict four main fields: 1)
collaborative filtering 2) Sybil defence 3) service composition
4) web communities.
A. Communities in collaborative filtering
Collaborative filtering, uses communities to recommend
items or services which are liked by the users with similar tastes [37]. Indeed, collaborative filtering has two main
subclasses, model based and memory-based. The model-based
method finds a model that describes the purchasing behaviour
of users and, predicts the future ratings of items. The memory
based is classified into user-based and items-based collaborative filtering. While user-based collaborative filtering searches
for sets of users who have similar tastes as the target user
and computes the rating prediction, item-based collaborative
filtering aims to recommend an item based on the ratings
of similar items liked by the target user. The collaborative
filtering uses clustering methods in order to detect underlying
subgroups of users, items [15]–[17], [38]–[40] or web services
[12], [41], [42] highly correlated. The communities are generally represented in stochastic model [13] or as data clusters
[17], [38]–[40].
B. Communities in Sybil defence
Complex networks are vulnerable to deceptive attacks,
which consist of cloning legitimate profile details in order
to create fake identities and compromise network functions.
Indeed, fake identities can alter the trust of other honest users,
suppress content, affect rankings, compromise DHT routing
and causes Byzantine failure [43]. Recently, there has been an
increasing interest in defending against Sybil attacks (deception attack), in a complex network, especially online social network. Research works in this field are classified into two main
classes 1) content based methods and 2) community-based
methods [44]. The first class, is mainly based in analysing
content and behaviour of communities, while the second is
based on tracking evolution of communities in the interconnection graph in order to identify anomalies. In cluster-based
Sybils defence approaches, communities are mostly modelled

either by graph model or by stochastic models. In graph model,
the goal is to depict modules from the network which exhibit
distinguishable topological structures from honest nodes [18],
[19], [21]. In stochastic model, the goal is to find clusters that
do not show fast mixing characteristic [20], [22], [23], [45].
C. Service composition communities
In the web, users request for services which may be ensured
by a single service or a composition of multiple services [28].
Service composition faces many challenges, one of the most
important is the quality of service. Indeed, given a set of
services, the issue consists of finding an optimal cluster of
services that collaboratively execute the requested task with
high quality of service [28]. Another important issue is security, indeed the collaboration of many services for a better QoS
should not come at the cost of the security and trustworthiness
dimension [46]. In composition environments some service
providers may collect users confidential information from his
component services and shares it with other service providers
who couldnt always be trustworthy. Thus, the composition
environment should be able to detect trust circles for each
web service. In this context, many works have studied the
problem of detecting clusters of web services. These clusters
are mainly modelled either as densely connected subgraphs
[24], [25], [27], [47] or highly correlated set of data points
[26], [28], [29].
D. Web pages communities
In many publications, web communities are considered as
a set of web pages with the same topic [48], a set of related
pages to a core URL [49]. i.e. pages treating the same topic as
the original page or a group of similar web user session [33]–
[35], [50]. Since of decentralised and chaotic generation of
content, these communities have dynamic behaviours: which
induce highly dynamic emerging cyber-communities [49]. To
measure similarities between web pages, many works used
the hyperlink-structures of the web [31], [48], [51], [52]: the
main idea is that pages belonging to the same communities
tend to be more frequently co-cited. Another method consists
on finding subnetwork with fast mixing characteristic which
is one of the main characteristics of the web induced by the
small world characteristic. Some other works use the conceptbased similarity of web pages contents. Others used both link
information and the content for categorising web pages.
IV. C OMPARATIVE STUDY
In section II we presented the different mathematical models
of communities. Even though these models can be used interchangeably, every model has its advantages and drawbacks.
Graph models give a clear insight about the topological
structure of communities, however, the major drawback of
these models is that detecting communities is computational
expensive (finding cliques, n-clubs, n-cliques is NP-complete
problem), another drawback is that tracking the evolution of
communities is time consuming because it consists of tracking
snapshots of the network at every interval τ and depicting
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evolution of the community by finding similar communities at
each instant.
Compared to graph models, detecting communities in
stochastic models is less time consuming. Indeed, in a random
walk model the stationary distribution is reached after n steps,
such that n ≤ diameter of the network. According to the
small world characteristic of complex networks, the diameter
of network increases logarithmically with its size (in practice
6 ≤ n ≤ 20).
Data clustering model takes into consideration both links
and node features in the network. However, in most cases
algorithms used to detect communities in data cluster models
assume that the number of clusters is known which is unrealistic in real applications. In this context, even though some
methods are proposed to compute the number of clusters (e.g.
applying spectra on non-backtracking and flow matrix) the
major drawback of these approaches still high computational
complexity.
Game theoretic model is efficient in tracking evolution of
communities, because instead of depicting them from the
scratch at each time step, it updates the clustering of nodes
found in the previous step at every time a set of players change
their strategies. However, a key limitation of such strategy is
slow convergence in large networks.
In Section III, we cited different community definitions
according to their application domains which include collaborative filtering, Sybil defence, service composition and
web communities. Even though for every application many
methods have been proposed using traditional content-based
analysis, community detection based methods have many
advantages over them.
1) It accelerates computational time, indeed, the only users
analysed by the collaborative filtering algorithms are the
ones belonging to the same community (cluster) as the
targeted user.
2) Collaborative filtering uses social network information
to deal with data sparsity, and cold start issues which
means lake of ratings induced by adding new items to
the network, and new subscription of users.
3) Network clustering can enhance recommender systems
by using social network information. Indeed, users belonging to the same communities tend to have similar
behaviours and rely on their connections for choosing
items. Once communities are created, predictions for a
user can easily be made by aggregating the opinions of
other users in the same community.
In Sybil defence, community-based method helps to solve
both problems of content-based approaches:
1) Most anomaly behavioural-based detection algorithms
are based on analysing the text content (Key-words)
in interactions between users. However, many attacks
use non-dictionary words in their communication like
images and videos in spam messages.
2) Content-base methods require high computations and
behaviour-based algorithm allows fake accounts to stay
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in the network for a while this induces the creation of
more connections between Sybil and honest accounts
and make traceability of fake account difficult.
Community detection on the web can help improve the
effectiveness of ranking web pages by the research engine, as
the pages belonging to the same communities will probably
match the same research request.
Finally, table I presents a comparative study of community
characteristics according to the following criteria: community
model, type of nodes, edge weight and metrics used to
compute the weight.
To probe communities in the network, we need metrics
to compute similarities between nodes. Nodes (users, web
services, web pages, etc.) are modelled by n-dimensional
vectors which could be vectors of features [35], vectors from
the adjacency matrix that describes egocentric network of the
node, or rating vector that describes preferences of the user
[8] [14].
In some cases, concept-based similarity is used to compute
the semantic similarity between entities in the web [28].
Firstly, the ontology tree should be computed. Then, given
two concepts c1 and c2 , the distances between each of them
and their common parent p in the tree are computed, that is
d(p, c1 ) = d1, d(p, c2 ) = d2 . After that, distance between the
common parent p and the root is computed droot . Thus, the
similarity between c1 and c2 can be computed by the formula:
sim(c1 , c2 ) =

2 droot
d1 + d2 + 2droot

(11)

Let U , V be two n-dimensional vectors representing nodes in
the network, Ui , Vi are respectively the ith components of U
and V . Ū , V̄ are average vectors such that:
∀i : Ūi =

n−1
n−1
1X
1X
Uj , V̄i =
Vj
n j=0
n j=0

(12)

The different metrics used in literature to compute the similarity between U and V are described in table II.
V. C ONCLUSION
Network analysis is one of the most important fields in both
social computing and big data. In many scenarios, community
detection serves as the backbone of network analysis. The two
past decades have witnessed the prosperity of the research on
community detection in complex networks. In this paper, a
thorough review of available community models in complex
information networks was presented. The main goal here is
firstly to categorise these different mathematical models, study
their characteristics, then, analyses their applications in real
networks. It is expected that network analysis scope will
continue its expansion. The methods and theories that work
for community detection will be useful for many networks
open issues such as recommender systems’ optimisation, network resource allocation, anomaly detection, network ranking,
network security, sentiment analysis on networks, and so forth.

TABLE I
C OMPARATIVE TABLE OF COMMUNITY CHARACTERISTICS IN COMPLEX INFORMATION NETWORK

Application

Collaborative filtering

Sybil communities

Service composition

Web communities

Work

Date

Nodes

Links weight

Metric

[8]
[9]
[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]
[23]
[24]
[25]
[26]
[27]
[28]
[29]
[30]
[31]
[32]
[33]
[34]
[35]
[36]

2014
2015
2015
2015
2016
2016
2016
2017
2017
2017
2014
2015
2016
2016
2017
2012
2013
2014
2015
2017
2018
2014
2014
2014
2015
2016
2017
2017

User
User
User
User
Web service
User
User
User
User
User
Accounts
IP addresses
Accounts
Accounts
Account
Cloud services
Operations
Web services
Inputs/Outputs
Cloud services
Web services
Web document
Web 2.0 items
Web pages
User sessions
User sessions
User session
Web images

Similarity
Trust
Similarity
Similarity
Similarity
Probability of belonging
Trust
Similarity
Trust
Similarity
Unweighted (trust)
Unweighted (trust)
Trust
Unweighted (trust)
Unweighted (trust)
Distance
Similarity
Compliance
Similarity, operation
Similarity
Structural similarity
Similarity
Similarity
Similarity
Similarity
Similarity
Similarity
Correlation

Pearson correlation
Cosine similarity
Bhattacharya coefcient
Hamming distance
Pearson correlation
Probabilistic measure
Jaccard coefficient
Pearson correlation
Pearson correlation
Jaccard Similarity
Power iteration method
Euclidean
Number of interactions
Concept-based similarity
SimRank
Cosine similarity
Hamming distance
Euclidean distance
Cosine similarity

Community
model
Stochastic
Data clusters
Data clusters
Data clusters
Data clusters
Stochastic
Data clusters
Data clusters
Data clusters
Data clusters
Graph model
Graph model
Stochastic
Graph model
Stochastic
Graph model
Graph model
Data cluster
Graph model
Data cluster
Data cluster
Data cluster
Graph clusters
Data clusters
Data cluster
Data clustering
Data clusters
Stochastic

TABLE II
C OMPARATIVE TABLE OF SIMILARITY METRICS .

Metric

Formula

Pearson correlation
Cosine similarity
Hamming

Euclidean distance
Bhattacharya coefficient
Jaccard coefficient

Works

Pn−1

i=0 (Ui − Ū )(Vi − V̄i )
qP
P er(U, V ) = qP
n−1
n−1
2
2
i=0 (Ui − Ū )
i=0 (Vi − V̄ )
~
~
U .V
Cos(U, V ) =
~ k.kV
~k
k
U
(
1, if Ui = Vi
H(Ui , Vi ) =
0, if Ui 6= Vi
Pn−1
Hamming(U,q
V ) = i=0
H(Ui , Vi )
Pn−1
Euc(U, V ) =
(U
−
V j )2
i
i=0
p
P
Bha = −ln( x∈X U (x) · V (x))

Jacc(U, V ) =

UT V
k U − Ū k · k V − V̄ k
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