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Special Issue on International Conference on Intelligent Information and Network Technology

Guest Editorial

The International Conference on Intelligent Information and Network Technology (IC2INT) 2013 was held in
Faculty of Sciences and Technology Settat Morocco, 13-14 November 2013. IC2INT is an international forum for
discussions on recent advances in the fields of intelligent information and network technology specially related to the
design, development, modeling, and how to use the information systems in organizations with
multidisciplinary perspective. It also serves to foster communication leading academic scientists, scholars and
practitioners to exchange and share their experiences and research results about all aspects of Computer Science and
Information Engineering.

In response to the call for papers, we received 130 submissions. After an initial screening, 11 submissions were
declared “out of scope” (or with inappropriate technical content) and the remaining 119 were sent to reviewers. All
manuscripts underwent a very rigorous peer review process. We finally selected 78 full papers, 11 Poster and 19
technical notes for this special issue substantiallty validated and evaluated.

The full papers in this issue can be broadly organized into three main categories

Ontologies Engineering, Avrtificial Intelligence

Mobile & Wireless Technology, Network Telecommunication

Information Systems & Natural Language Processing

The papers were selected on the basis of Novelty and Originality of the contribution as well as their Technical
Content.

e Reasoning on Hybrid Ontology Using Extended SWRL Rules
Souad Bouaicha, Zizette Boufaida
e Fuzzy Ontology Evolution: Classification of a New Individual
Djellal Asma and Boufaida zizette
e Semantic Technologies Applying to Data Warehouses Federation
MOUHNI Naoual, ELKALAY Abderrafiaa
e Vocabulary Persona by using Ontologies
GAOU Salma, EL KADIRI Kamal Eddine
e Unified Approach for Building Heterogeneous Artifacts and Consistency Rules
Mounir ZEKKAOQOUI, Abdelhadi FENNAN
e  Crypto-Security Contribution in WSNs
Nourreddine Mitta, Rachid Gouri, Hlou Lamari, Brahim Moalige
e MGI-LEACH : Multi Group LEACH Improved an Efficient Routing Algorithm for Wireless Sensor
Networks
Alami Chaibrassou, Ahmed Mouhsen
o A WIFI Antenna Radiation Effects on Human Head in the ISM Band
Radouane KARLI, Hassan AMMOR
o Development of a New Slit-Slotted Shaped Microstrip Antenna Array for Rectenna Application
Mohamed Adel SENNOUNI, Jamal ZBITOU, Abboud Benaissa, Abdelwahed TRIBAK, Mohamed Latrach
e Performance Evaluation of WideMac Compared to ALOHA in term of Energy Consumption for IR-
UWB based WSN
Anouar Darif, Rachid Saadane, Driss Aboutajdine
e Euclidean 3D Reconstruction of Unknown Objects from Multiple Images
Soulaiman El hazzat, Abderrahim Saaidi, Khalid Satori
o Comparative Study of PCA, ICA, LDA using SVM Classifier
Anissa Bouzalmat, Jamal Kharroubi, Arsalane Zarghili
e SVM Classification of High Resolution Urban Satellites Images Using Composite Kernels and Haralick
Features
Aissam Bekkari, Soufiane Idbraim, Driss Mammass and Mostafa El yassa, Danielle Ducrot
e 3D Normalization Based on the Barycentric Coordinates
El Mostafa RAJAALLAH, Lahcen MOUMOUN, Taoufig GADI
e Optimization of the Organized KOHONEN Map by a New Model of Preprocessing Phase and
Application in Clustering
Es-safi Abdelatif, Harchli Fidae, Ettaouil Mohamed
e Adaptive Learning
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e People Tracking using Color Control Points and Skin Color
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Fatma BOUFERA, Fatima DEBBAT, Francesco MONDADA, M. Faycal KHELFI

We hope you enjoy these papers. We would like to thank the authors for their contributions.

Special thanks to the organizing committee members, program committee members as well as the reviewers
contributing so richly to the scientific ambiance.

We are indebted to Editor-in-Chief, Simon Fong for offering us this opportunity and for patiently waiting the
completion of the special issue.
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Abstract—In this paper we present the principal steps to
create a semantic rule which integrates Object Oriented
Techniques to the comportment of the concepts.

The set of rules obtained from the extension of SWRL
rules will be posted to Jess Engine using rewrite meta-rules.
The reasoning on this combination allows inferring new
knowledge and stores it in the knowledge base. We propose
an implementation of the method of extending SWRL rules
with the adaptation of the different Object Oriented Tech-
niques. The engine executes the transformation of these
techniques to the Jess model. Our demonstration clarifies
the importance of this kind of reasoning. We use a case
study inherent to interpret a check up in preventive medi-
cine.

Index Terms—SWRL rules, Reasoning, Object Oriented
Technique, Hybrid Ontology.

| INTRODUCTION

One of SWRL’s most useful features is its ability to
incorporate uses refined built-in libraries. This extension
mechanism provides very powerful means of expanding
SWRL’s expressiveness and increasing the types of the
reasoning information using rules. In particular, this
mechanism can be used to tackle the issue of data integra-
tion, which is one of the central challenges of the Seman-
tic Web. The ability to meet this challenge requires the
development of a variety of mapping technologies to
allow interoperation between the various formats that will
be encountered when developing Semantic Web applica-
tions [1] While we embrace this proposal, we will argue
in this paper that it is not sufficiently expressive for our
own needs, and we have therefore proposed an extension
to SWRL [25]. We have proposed an approach for en-
riching the comportment (behavior) of the concepts of an
ontology with rules [2]. This enrichment is done through
the two manners: 1) Binding attributes and roles of con-
cepts with conditions, 2) Creating rules to combine the
individuals and the atoms of concepts. The latter is, in a
large scale, in literature.

© 2014 ACADEMY PUBLISHER
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This internal and external enrichment of the concepts
of an ontology give rise to hybrid antologies, which per-
mit amelioration of the reasoning results. To clarify the
interest of such reasoning, we apply a case study inherent
to interpretation of check up in preventive medicine, us-
ing the standard and current tools of semantic Web.

In this paper we present a prototypical implementation
of our approach which integrates the rules inside a con-
cept using Object Oriented Techniques and the Jess® rea-
soning engine. Our integration allows posing a query to a
knowledge base using an nRQL language[26]. We as-
sume that the hybrid ontology which is handled can con-
tain both OWL axioms and SWRL rules and reasoning
with extended SWRL rules.

During the development and research process, we have
proposed and implemented two main methods of trans-
forming OWL ontologies and SWRL rules into rules
expressed in Jess language. In this work, we are focused
on the implementation and the evaluation of the latter
methods.

The paper is organized as follows. In the next section,
we detail the approaches and strategies to combine exist-
ing OWL DL with another language rules and gave birth
to languages such as SWRL, DLP and some work to
combine reasoning about OWL and that on SWRL rules.
In Section 3 we present the classification of rules. Section
4 has a discussion about some related work. Proposed
process and reasoning methods are provided in Section5.
Section 6 provides an example evaluation and application
to illustrate the reasoning process. Finally, Section 7 con-
tains concluding remarks and future work plans.

Il APPROACHES OF INTEGRATION OF OWL WITH
LANGUAGE WEB OF RULE

In this section, we briefly overview the approaches,
both practical and theoretical, for the utilization of onto-

1 JESS : http://www.jessrules.com/
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logical knowledge in rule engines. More details can be
found in the surveys [3][4].

2.1. Interfacing External Ontology Reasoners with Rule
Engines

In this scenario, the rule engine calls an external OWL
reasoner, e.g. a DL reasoner, whenever is needed (“on the
fly”). The hybrid approaches can be classified into bidi-
rectional and unidirectional. In unidirectional frame-
works, the information goes from the ontology reasoner
to the rule engine and thus, the ontology knowledge re-
mains unmodified [5][6][7]. In bidirectional frameworks,
the ontology predicates can be used both in the body and
in the head of rules and thus, the ontology knowledge
may be modified [8][9].

2.2. Mapping Ontology Reasoners on the Data Model of
Rule Engines

In this case, the results of the external OWL reasoner
are mapped to the data model that the rule engine sup-
ports, e.g. on triple-based facts [10]. In that way, the rule
engine can operate without calling further the ontology
reasoned (one-time mapping), since all the ontological
knowledge exists in its knowledge base.

2.3. Strong Coupling of Ontologies and Rules

In this approach, also known as homogeneous, there is
no external OWL reasoning module. The ontology se-
mantics are partially mapped on rule formalism [11], e.g.
Datalog, that coexists in the rule base with rule predi-
cates, enhancing the expressivity [12]. Therefore, a new
reasoner is needed, able to handle the new homogeneous
language that emerges [13][14][15][16].

1 CLASSIFICATION OF RULES

The rules are necessary to represent knowledge, which
is required for various tasks of reasoning or of meta-
reasoning. Classification below is a non thorough classi-
fication of the rules according to their use on a conceptual
level. They are classified according to the role which
they play in the various tasks [21]: deductive rules, meta-
reasoning rules, connecting rules, mapping rules, query-
ing rules. [22, 23,24]

3.1. Deductive Rules

Are needed for inferences based on dependencies be-
tween some ontologies properties, such as the transfer of
properties from parts to wholes (e.g. a disease located in
an organ part, is located in the organ), For a long time,
rule-based expert systems have shown the usefulness of
deductive rules in health care e.g. for diagnosis, decision
making etc.

3.2. Connecting Rules

Aare required for connecting ontology to allow reason-
ing across several domains such as Genomics, Prote-
onomics, Pathology, for example when searching for
correlations between diseases and the abnormality of a
function of a protein coded by a human gene.

©2014 ACADEMY PUBLISHER

3.3. Mapping Rules

For mapping ontology in information integration, to al-
low answering queries over heterogeneous sources e.g.,
patient data scattered in many Hospital Information Sys-
tems.

3.4. Querying Rules

Expressing complex queries upon the Web or querying
heterogeneous sources.

3.5. Meta-Reasoning Rules

Are needed to facilitate meta-reasoning, either to sup-
port ontologies engineering e.g., acquisition, validation,
maintenance of huge reference ontologies, or control of
reasoning.

AV LIMITATIONS OF SWRL

The current SWRL specification omits some typical
rule language constructs, sacrificing some expressiveness
to ensure decidability and/or efficiency. We have previ-
ously identified some limitations and workarounds in
writing teaching strategies in SWRL; in this work, we
directly address these limitations.

e Flat list. A SWRL rule body (or head) is a flat list of
atoms. No block structure is supported (as there are no
constructs that would need them). Note that either of
#E or #F would also entail adding block structure.

e E. Conjunction only. Disjunction (E1) and negation
(E2) are excluded.

e F. No quantifiers. Explicit universal and existential
quantifiers are excluded.  All atoms are implicitly
universally quantified.

e No user-defined functions. SWRL provides a library
of built-in functions for primitive math, string, and
date operations. It doesn’t allow an external function
to be defined or called (which fails 1.1#C).

e Assertions only. A SWRL rule head “makes” its at-
oms true; the standard implementation is to add these
atoms as new facts to the knowledge base. EXxisting
knowledge cannot be changed.[27]

V RELATED WORK

e DLEJena [17] is inspired from the hybrid and homo-
geneous approach for the integration of rules and on-
tologies. The architecture of DLEJena has four mod-
ules: the first charges the ontology and separates its
terminological and assertional parts. The second rea-
sons on the T.box part, the third reasons on the A.box
part and the last one, reasons with the help of the ap-
plied rules to T.box and A.box parts.

e In [18], the plugin of SWRL Jess Tab is illustrated on
the Family ontology rules to show how certain reason-
ing could be provided for interoperability between
SWRL and OWL.

e In [19], the symbolic knowledge is represented in an
ontology of the cortical structures. For the representa-
tion standard languages of the semantic Web (OWL,
SWRL) are used. In order to enrich ontology, it is ex-
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tended by Horn clauses. These rules permit to propa-
gate relations and to infer new facts from those exist-
ing.

o Alloy [20] is a system for reasoning on an ontology
written in OWL and SWRL or SWRL-Fol. It is based
on the transformation of OWL ontology and SWRL
rules in a program called Alloy’s program and its
analysis starts from a charged model to verify auto-
matically its uniformity.

VI DISCUSSION

The study of the previous work shows that there are
two different, fundamental approaches. The first approach,
called homogenous, where the rules and the individuals of
the ontology are compiled without separation between
them. This leads to a base of facts, compiled in the same
inference engine [20]. The hybrid systems are the second
approach. They are made of several subsets, each of them
treats a different part of the knowledge base and use new
formalisms of representation and specific procedures of
reasoning [17, 18, 19]. In such systems, the problem of the
complementary in answers is asked. Really, if the infer-
ence is executed separately with OWL reasoner and an
inference engine, some inferences are evidently missed.

Finally the integration of description logic and logic
programming is very difficult because these two para-
digms are semantically different. Therefore the interoper-
ability between the SWRL rules and the ontology requires
a close integration.

The following table summarizes the characteristics of
each use case.

For this reasons, this type of integration has limits such
as:

e The inferences of rule are based only on the compo-
nent of rule, since Thox is not integrated in the
knowledge base of rule (for example Jess). Because
the knowledge base Jess is incomplete, some infer-
ences are necessarily missed.

e Language LD and of LP are basically and semantically
different.

e A loose interoperability between SWRL rules and
ontology (OWL LD) is not satisfied; therefore interop-
erability between the two components requires a tight
integration. And to ensure a decidable reasoning, valid
and complete it is necessary to obtain a Web rule lan-
guage which has a very clear semantics.

In conclusion of these studies, the following table summa-

rizes the characteristics of each use case.

©2014 ACADEMY PUBLISHER

TABLE 1.

DIFFERENT TYPES OF RULES AND INTEGRATION APPROACHES USED FOR
EACH CASE STUDY

Use Rule Integration Ap-
Case types proaches
DLEje- Meta- loose (limit of Map-
na[17] reasoning, ping)
Deductive
FamilyOn- | Meta- loose (limit of Map-
tology[18] | reasoning, ping)
Deductive
Medical Deductive Extension of OWL LD
ontolo- with rules
gy[19]
Alloy [20] | Deductive, Extension of OWL LD
Mapping with rules

In [2] we are interested in complete answers of a hybrid
system by proposing an approach that allows enriching
the comportment of concepts. This enrichment is done
via rules reasoning on the attributes. Concretely, we
propose a complete process of creation a rules base to the
terminological part of ontology.

VIIPROPOSED REASONING METHODS

In this paper we will introduce the new extension of
SWRL from another angle to illustrate what makes it
different, and why we believe that it provides good solu-
tions to many real-world requirements. Our main point is
that this extension (it extension and its formal definition
in [2]) is borrowing good practices from object-oriented
programming and modeling languages and integrates
object-oriented techniques with the flexible architecture
of Semantic Web to produce a new way of working with
linked data.

A key contribution of this new kind of rules is to intro-
duce a mechanism that allows users to organize those
SQWRL (Semantic Query Web Rule Language) queries
in a natural, object-oriented way. These rules are not just
plain lists of rules like in comparable rule languages
(SWRL etc). That you can arrange the rules in the class
hierarchy where they belong. This follows the Object-
Oriented principles of abstraction and encapsulation.
Since the rules (and constraints) are attached to classes,
any human or agent who looks at the ontology can quick-
ly understand the meaning of the classes and properties.
Furthermore, the rules are "scoped” so that tools are bet-
ter guided when they need to execute the rules and con-
straints.

Our main goal of this work is to research novel reason-
ing techniques which allow for efficient reasoning in
hybrid ontology. A Hybrid ontology is an ontology en-
riched by SWRL rules. this enrichment is effected by two
ways.

1. Connect the attributes and roles of the concept
which rules that adapt the object-oriented programming
techniques. At this level we propose to enrich the lan-
guage SWRL by adding new keywords.

2. Combine individuals with simple SWRL rules.
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We have led to the development of highly optimized
systems that support efficient reasoning. This novel rea-
soning methods and techniques which improve the effi-
cient reasoning. It will present in the following architec-
ture.

Extended mles 1

OLASWRL e s mgue

C Onilogy md SWRL mlesn —=">
Outhey feploowse | Gaene
Ty exeaded

il

alloJes

~ Mgy

bt Orenied
e

R Based
Rnovedge

Save
ks

Fig. 1. The Reasoning Process

The Figure 1 concentrated to make clear the reasoning
part in the system proposed in [2]; it presents the integra-
tion schema of an OWL ontology with SWRL rules, Ob-
ject Oriented Techniques and the Jess engine. We assume
that the ontology is in the Horn SHIQ language and con-
tains  SWRL rules (Horn-like clauses). Such
OWL+SWRL ontology is transformed into a set of rules
in the Jess language. The set of rules is stored as a Jess
script file (*.clp). The script is then transformed into a set
of extended rules (ExRScript.clp).

Our tool is implemented in Java language; its module
provides the following functionalities:

e Reading OWL ontology (and viewing of con-
cepts/roles hierarchies; These hierarchies are calculat-
ed by the RACER engine) and Jess scripts, Jess scripts
generation (forward and backward chaining, extended
rules, Horn-SHIQ transformation) from OWL ontolo-
ay

e Mapping between ontology concepts/roles and Object
Oriented techniques

e Executing a Jess query which consists of the concepts
and roles from OWL ontology or templates defined in
Jess language,

e Rule-based inquiry answering methods: hybrid and
extended rules, Jess engine reasoning management (in
forward and backward chaining).

7.1 SWRL extension to Jess Transformation Methods

The proposed tool supports two main methods of trans-
forming OWL ontologies and SWRL rules into rules
expressed in Jess language: Simple and Horn-SHIQ.

711 The Simple Method

This method transforms taxonomies of concepts and
roles into Jess rules. These taxonomies are calculated by
the RACER engine first. SWRL rules and SWRL exten-
sion predicates are also transformed into rules and Jess
expressions. The simple transformation can be done in
the following modes:

e Jess script assigned to forward chaining.

©2014 ACADEMY PUBLISHER

e Jess script assigned to backward chaining.
e Jess script assigned to forward chaining with extended

rules.

7.2.2The Horn-SHIQ Transformation

The Horn-SHIQ transformation method is an extension
of the simple one. In this case, additional rules are gener-
ated according to OWL axioms. Rather than transforming
the semantics of the OWL language into rules we create
rules according to this semantics and a given ontology.

VIII  EVALUATION EXAMPLE

To validate the preceding methods, we use a preven-
tive medicine domain ontology. In this demo we present
an example where we start with a simple ontology (con-
ceptualization steps [2]). It defines a class Person with the
following characteristics:

Person is a class that has five properties. The values of
Weight, size, sex, age and BMI (Body Mass Index), are
specified by the user, and the new SWRL rule is used to
compute and calculate the value of the BMI (The Body
Mass Index is a measurement tool that compares your
height to your weight and gives you an indication of
whether you are overweight, underweight or at a healthy
weight for your height) property by using the following
formula: weight in kilograms divided by height in meters
squared (weight (kg) / [height (m)]2). Let's have a look at
the rule first. We need to add a new keyword as SWRL
rule attached to a class using the CONSTRUCT rule for
example to do mathematical calculations.

Whenever someone changes the of values size weight,
then the value of BMI will update automatically, as
shown with the following figure the editing of rule Con-
struction on Protégé.

e s o S

Fig. 2. Rule Construction

/

U st

We use the built-in bridge to create the new concepts
(keywords). It provides a mechanism for defining and
dynamically loading built-in implementation written in
Java [2].

Having edited the rules, we convert the rules to Jess by
opening the “rules-only” .owl file. This automatically
invokes XSLT, SweetRules, and rule transformations in
Jess to achieve the conversion, detects which rules have
changed, and updates only those rules in Jess’s working
memory.

A key contribution of this new kind of rules is not just
plain lists of rules like in comparable rule languages
(SWRL etc). That you can arrange the rules in the class
hierarchy where they belong. This follows the Object-
Oriented principles of abstraction and encapsulation.
Since the rules (and constraints) are attached to classes,
any human or agent who looks at the ontology can quick-
ly understand the meaning of the classes and properties.
Furthermore, the rules are "scoped” so that tools are bet-
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ter guided when they need to execute the rules and con-
straints.

The use of the Rule Construction is presented in the
figure 3.

Y OR
Fuk shekiny
| O Rie consraton

Rl oention
Add as OWL class

) Rl oonsrueton )

= person ) et o) e

Uses in SWRL rules

eimeval(om "ot o, ) = et sl o

Fig. 3 Using RuleConstruction to Create Datatype Property

In this case we use Jess as our primary inferencing en-
gine. Consequently we need to convert SWRLp rules into
Jess syntax. The XSLT script to perform this operation is
quite similar to the swrlp2prolog script.

The following is the code for the rule Construction as
generated by swlip2jess.xsl:

(defrule RuleConstruction
(Patient(Name ?x))

(weight (?x ?w))

(size(?x ?s))

(bind ?s (* ?s ?5))

(bind ?BMI (/ ?W ?5))

=> assert (?BMI (?x ?BMI)))

When the system execute the rule construction, the
BMI data property well be created in the Person concept,
then the reasoning inside the concept we are permitted to
create a new data property in the same concept Person.

The Person concept is enriched by the new data prop-
erty (BMI), which is can be inherited. The following
figure represents the BMI calculated for each person.

X T

Nassima 40
Fateh 19.37716194272628
souzd 00

Fig.4. Create and Calculate the BMI

Our system comes with a mode in which it does in-
cremental inferencing. This means that whenever some-
one changes the values of width or size, then the value of
BMI will update automatically, as shown with the exam-
ple instance below:

©2014 ACADEMY PUBLISHER

Convert to Jess

size A 22
1.5/
welght £ ER
45|
Bl 4= =He EE
wWalue | Tvpe
20 int

Fig.5. Update Automatically the BMI

To verify user input, and to provide warnings if values
violate a constraint; we will add the constraint definitions
to the editing tool. These tests can be performed very
efficiently, only on the instance that the user is currently
looking at.

IX CONCLUSION AND FUTURE WORK

The reasoning on ontologies uses simple inference en-
gine. But in view of insufficiencies of the supported lan-
guages, ontologies are extended by SWRL rules. We
assess that SWRL isn’t expressive enough to write rule’s
sets for inherent to interpretation of check up in preven-
tive medicine. So we have estimated extending SWRL
rules. We have also demonstrated a syntax-based exten-
sion to SWRL that supports more flexible and expressive
rules.

In this paper we have presented a reasoning process,
who adapted the proposed reasoning methods witch its
goal is to convert SWRLp rules into Jess syntax. We have
explained the motivation for this reasoning mechanism,
provided an example of its use, offered some cases con-
cerning the XSLT transformation scripts and described
the rule construction and rule exception that have been
developed thus far.
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Abstract—Ontologies help to conceive thereal world with its
semantic constraints. But this world has several
uncertainties and imperfections that we cannot conceive
using traditional ontologies. In our work, we are mainly
interested in the imprecise knowledge representation
problem. We believe that the most appropriate way isto use
fuzzy logic in order to build ontologies called " Fuzzy
ontologies'. Even if there are several researches revolve
around handling imprecise knowledge, however, there are
still some issues to be further studied; one of them is the
evolution problem which is still atediousfield. In this paper,
and as afirst step in the problem of fuzzy ontology evolution,
we areinterested in the classification of new individuals; for
this reason, we use the classificatory reasoning mechanism
to enable the classification of new individuals in a fuzzy
hierarchy.

Index Terms—Fuzzy logic, Fuzzy ontology, Classification
reasoning, Individual classification.

I INTRODUCTION

Ontologies represent a key focus of research for many
applications in knowledge engineering, especially the
Semantic Web project. They help to conceive the real
world with its semantic constraints [16]. But this world
has several uncertainties and imperfections that we
cannot conceive using traditional ontologies. The formal
representation of ontologies is generally based on the
classical descriptions logic which shows its limits for all
facts that are not expressed with "true" or "false" values.

Several fuzzy approaches have been proposed in order
to simplify the possibilities of imprecise knowledge
representation by assigning weights to different links. For
example, we say that "the patient has a moderately high
fever" rather than "the patient has or does not have a
fever". In our work, we are mainly interested in the
imprecise knowledge representation problem. We believe
that the most appropriate way is to build ontologies called
"Fuzzy ontologies". Imprecise knowledge representation
is not our unique problem, since the real word is very
dynamic; we are also interested in how to evolve these
representations. So it will be very interesting to represent
these knowledge using fuzzy ontologies as conceptual
model and guarantee there evolutions.

In the literature we can find several researches revolve
around imprecise knowledge, however, there are still
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some issues to be further studied; one of them is the
evolution problem which is still a tedious field. Authors
in [17] assured that a coherent process of ontology
evolution is still rarely discussed, a reconstruction
process is preferred to evolution one since the creation of
ontologies, especially from large text corpus, is a well
understood problem [2, 13].

Ontology evolution deals with the problem of
incorporating new information in an existing ontology
such as new individuals; in this paper, and as a first step
in the problem of fuzzy ontology evolution, we are
interested in the classification of new individuals in a
fuzzy ontology. Classification is the main reasoning
mechanism  associated  with  the class-instance
representation model. It is a process that, from a
structured knowledge base and a new object, finds the
proper location of the new object in the knowledge base.

The remainder of this paper is organized as follows.
Section 2 provides an overview of the ontology evolution
field. In Section 3, we discuss the problem of imprecise
knowledge representation and how to use fuzzy logic and
fuzzy set theory to take into account the representation of
imprecise knowledge and then we try to define the
concept of fuzzy ontology. In section 4, we present our
proposed classification algorithm in which an individual
is connected to his more specific concepts in a fuzzy
hierarchy. Finally Section 5 concludes the paper and
suggests some future work

II ONTOLOGY EVOLUTION

Ontology is a specification of a shared
conceptualization of a domain [9], a change may be
appeared in the domain knowledge, or for some need, a
change may be caused by the conceptualization or even
by the specification of the ontology. Changes in the
specification refer to changes in the representation
language [7]; this type of change is dealt with in the field
of ontology translation (which is out of scope of this
paper, for more details the reader is referred at [8]). Since
there is no static domain and no perfect conceptualization,
changes in the domain or its conceptualization are very
common. An ontology evolution is the process of
modifying ontology in response to a certain change in the
domain or its conceptualization [6].
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Introducing new information to one part of the
ontology can induce inconsistencies in other parts of the
same ontology, the identification and resolution of any
inconsistencies that may arise as a result of a change is
one of the most important tasks to be performed during
ontology evolution process [14], for that reason we can
say that ontology evolution is the process of modifying
an ontology while maintaining its wvalidity and
consistence.

Ontology evolution is mainly of two types: Ontology
Population and Ontology Enrichment [11]. Ontology

Population refers to the fact when the new information is
the adding of new individuals for already existing
concepts in the ontology. Ontology Enrichment refers to
the fact when the new information is the changing of the
ontology structure, for example adding (deleting) new
concepts or properties. Then ontology is enriched by the
structure change and populated by the new individuals.
Figure 1 is a graphical illustration of these two types of
ontology evolution.

Original ontology

New information

Evolved ontology

C is not sub class of A
C is sub class of B

11 and 12 are new
instances of C

Ontology Population

Fig 1: Ontology enrichment and population.

The process of evolution accepts as input a consistent'
ontology and a set of new information, after a series of
phases, the process generates as result a new consistent
version of the same ontology. Maedche et al. identified
six phases of the ontology evolution process [18]:

Change capturing: In this phase, changes to be applied
are identified.

Change representation: the identified changes are
formally represented by a finite sequence of elementary
changes * for example Add (Delete) Concept/
Instance_Of/ Axiom... this decomposition is not always
desirable as this might cause a set of unnecessary changes
if each change is applied alone. To avoid these needless
changes, it should be possible to represent changes in a
highest level using the so called composite changes’ that
represent a group of elementary changes applied together
for example Merge concepts, Move properties...

Semantics of change: The resulting effects of the
required changes are identified in this phase and if there
are problems caused by these changes, they will be also

" A consistent state of an ontology is defined in [18] as the state in
which all constraints, which are defined on the structure and content of
an ontology are satisfied. An example of the structural constraints is the
need to define the domain and the range for each relation in the
ontology. Content constraints are related to the axioms in the ontology

% In the same reference, authors have identified 17 elementary changes.

* Always in the same reference, authors have identified 12 composite
changes.
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identified and resolved in order to guarantee the
consistency of the ontology at the end of the process.

Change implementation: When the changes are
approved by the user, they will be physically applied to
the ontology.

Change propagation: after the modification of the
ontology, it will be necessary to propagate the changes to
all dependent applications.

Change validation: this phase allows reviewing the
changes and possibly undoing them, if desired.

111 HANDLING IMPRECISE KNOWLEDGE

The human being reasoning is often based on fuzzy
knowledge. To solve everyday problems, he uses
knowledge he doubts their validity (uncertain) or poorly
expressed due to the complexity of the problem
(imprecise). Despite this, it is often possible to solve
these complex problems without needing to model them.
According to [1], it is often useful to model the behavior
of a human operator with the system rather than modeling
the system itself. It is also preferable to describe this
system with global quantifiers rather than using precise
numerical values. Fuzzy logic was introduced as an
extension of Boolean logic [19], this logic is not to be
precise in the statements, but instead to respond to vague
proposals, that requiring some degree of uncertainty.
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1.1 Fuzzy Set Theory and Fuzzy Logic

Fuzzy logic is designed to solve the problem of the
representation of uncertain and imprecise knowledge. It
allows the characterization of elements in a "gradual”
way. It was introduced by LA Zadeh in the late 60s as an
extension of Boolean logic [19]. In classical set theory,
two situations can be considered: Elements either belong
to a set or not. The classical set theory does not take into
account several situations frequently encountered in our
daily life: It will be very difficult to say its hot today
because heat is a progressive concept. If for a temperature
of 25 °, we say it's hot, is it not hot with a temperature of
24.8 °?

25°
24.8°

10°

—

Fuzzy set of hot Temperatures

Fig 2: Fuzzy set and partial membership

This example shows that 25° belongs completely to the
fuzzy set, so it's a hot temperature; 24.8° belongs partly to
the fuzzy set, so this is a moderately hot temperature.
When 10°, it does not belong to the fuzzy set, therefore it
is not a hot temperature.

Definition: membership function: let X be a set of
elements, a fuzzy subset A of X is defined by a function
called membership function p, (x) or simply A(x) which
take any value from the real interval [0, 1]. A
membership function A(x) is characterized by the
following mapping:

A(x):x—>[0,1],Vx €A

An element belongs to a fuzzy set to some degree; this
is in fact the value taken by the membership function of
the fuzzy set at the considered point. As in the classical
case, 0 means no-membership and 1 full membership, but
now a value between 0 and 1 represents the extent to
which x can be considered as an element of A.
Membership degrees are calculated based on some
specific functions (see Figure 3), we present here the
most frequently used:

e  Crisp function:

1 ifas<x<b
C;ab) _{ 0 otherwise
e Trapezoidal function:
T(x; a, b, c, d)
(x —a)/(b —a) ifx € [ab]
_ 1 ifx €[b,]
(d - x)/(d — ¢) ifx € [c,d]
0 otherwise

e Right shoulder function:
0 ifx<a
R(x;a,b)={(x — a)/(b — a) ifx € [ab]
1 ifx>b
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Fuzzy set theory is designed to take into account this kind
of situations, where elements can belong to a defined
fuzzy set with a certain degree. In [1] fuzzy set theory is
defined as a theory based on the notion of partial
membership. Each element is partially or gradually
belongs to the defined fuzzy sets. The contours of each
fuzzy set (see Figure 2) are not "net", but "fuzzy" or
"gradual".

C(x T(x)
1

A)
R(x)

©)
Tr(x)
1

(E)

Fig 3: Crisp Function (A), Trapezoidal Function (B), Right shoulder
Function (C), Left shoulder Function (D), Triangular Function (E)

e Left shoulder function:

1 ifx<a
L(x; a, b)={(b - x)/(b —a) ifx € [ab]
0 ifx>b
e Triangular function:
(x —a)/(b —a) ifx € [a,b]
1 ifx=>b
Tresabo=y  _ 9/ - b) ifx e]b,c]
0 otherwise

I11.2 Fuzzy Ontology

Several definitions have been given to describe the
term "ontology" [10, 20, and 15]. This diversity of
definitions provides different viewpoints but especially
complementary, they all revolve around the same goal:
design the real world with its semantic constraints. When
it comes to conceive imprecise or imperfect knowledge,
this will be the role of fuzzy ontologies : building of these
ontologies is based on fuzzy logic.

Fuzzy ontology consists of two types of components:
crisp components (crisp concepts and roles, instances and
axioms) and fuzzy components (fuzzy concepts and roles)
this components are used to represent the vagueness and
imperfection of the real world knowledge [3].
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Crisp concepts: if a concept can have a clear and
complete definition in which there is no fuzzy properties,
this is a crisp concept like car, person, male...

Crigp roles: a crisp role represents the presence or
absence of association between the instances of two crisp
concepts such as "People live in houses", or tow fuzzy
concepts like" Rich-People Drive Fast-Cars".

Fuzzy concepts: fuzzy concept is described as a
concept defined on the basis of a particular value of a
linguistic variable relative to the universe of discourse
[12]. These linguistic variables represent the fuzzy
properties of the concept (age, size, color degradation ...)
so that we can represent the uncertainty of fuzzy concepts
[3]. Each linguistic variable takes its values in a set of
linguistic terms, consider the variable "Size" for example,
we can define the following terms: "Small, Average,
Tall..." which may become fuzzy concepts: "Small-
person, Average-person, Tall-person ..."

Fuzzy roles: fuzzy roles are the generalization of crisp
roles in which we can allow various degrees of
association between instances of crisp concepts such as
"Hotels are close to the airport”, or fuzzy concepts like
"Small-People appears to be young".

Instances. The membership of an instance to a crisp
concept is complete, in the case of fuzzy concept, the
instance belongs partly to the concept, and its
membership degree is determined by the value taken by
the membership function of the instance to the fuzzy
concept (modeled as a fuzzy set).

Taking the example of the fuzzy concept "Average-
person", the membership degrees of its instances are
determined by the values taken by its membership
function, which is Trapezoidal type (see Figure 4).

Tr(x) A
1

: : >
1.65 1.75 m

Fig 4: Membership function of the fuzzy concept "Average-person”

The membership degrees to this fuzzy concept are
calculated using the following formulas:

((1.65 — x)/(1.65- 1.60) ifx € [1.60,1.65]
1 ifx €[1.65,1.75]

(x-1.75)/(1.80 - 1.75) ifx €]1.75,1.80]

) k 0 otherwise
Axioms. concept or role assertion axioms can be
tainted with uncertainty as we have said; the membership
of an instance to a fuzzy concept is partial. Same for the
ontology hierarchy: sometimes, we cannot say that a
concept is subsumed by another; this cannot be so sure.
Axioms are also used to express the formulas of the

membership functions [12] (given previously).

T(x)=
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v Fuzzy ONTOLOGY EVOLUTION: CLASSIFICATION
OF A NEW INDIVIDUAL

In this section we will present a classification
algorithm of a new individual. This algorithm starts with
an individual which we have a total or partial knowledge
(some attributes may not be valued) and a hierarchy
graph of the fuzzy ontology. The goal of this algorithm is
to find the most specialized concepts to which the
individual belongs by bringing him down as low as
possible in the concept hierarchy.

Our algorithm is based on the multi-viewpoint
classification algorithm of TROPS model presented in [4,
5], in our work, we are not interested in the multi-view
point representation model, but how to find the
appropriate place of the new individual in an imprecise
knowledge hierarchy.

The classification algorithm is based on a loop; the
new individual begins in an initial stable state and at each
step of the loop, the ontology changes from one stable
state to another stable state closer to the purpose which is
the attachment of the new individual to his more
specialized concepts.

The classification algorithm consists of five procedures:
Obtaining-Information, Initial-State-Construction,
Matching, Marks-Propagation and Choosing-Next-
Concept.

Obtaining-Information
Initial-State-Construction
While not (finished) do
Matching
Marks-Propagation
Choosing-Next-Concept
End while

IV.1 Obtaining Information

Before launching the classification, the user must
provide some information of the new individual; this
information is a set of pairs (attribute, value). The
algorithm accepts the "unknown" value, which means
that the attribute is not valued. Thus the algorithm can
classify incomplete instances.

IV.2 Initial Sate Construction

This procedure consists in creating from the initial
information about the individual a stable state by
attaching this individual to its membership concepts (this
information comes from the user), if the user has no such
information, the individual is attached to the concept root
of the hierarchy. Once the initial state constructed, the
classification is to repeat the loop of the three procedures

Matching, Marks-Propagation and Choosing-Next-
Concept.
IV.3 Matching

The matching procedure checks the membership of the
individual to the current concept. In what follows, we
present two types of membership functions: membership
function with two values and membership function with
three values:
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IV.3.1 Membership Function with Two Values
Membership function with two values (Boolean
membership function) is used in Boolean logic (classical),
it takes its values from the universe of discourse and
returns the value "True" if the instance belongs to the
class, and the value " false" otherwise. For example,
taking the integer class "pair", its membership function
can be described as follows:
, True if xmod2=0
Pair (x) = {False if xmod2 #0
The membership function with two values is well
suited for the consideration of complete and precise
knowledge for which we can say with certainty that they
belong to a particular class or not, which is not the case in
our knowledge base, for that reason, we present the
membership function with three values

IV.3.2 Membership Function with Three Values

In a fuzzy ontology, we manage imprecise and
incomplete knowledge. The scope of the membership
function is increased here to accept the value "possible."
The function returns the value "possible" for an
incomplete instance if the knowledge we have of this
instance does not allow affirming or denying its
membership to the class. This is the principle of fuzzy
logic using a multi valued membership (several
membership degrees). A membership function with three
values can be described as follows:

sure ifxecC

impossible if x € C

possible otherwise

In our Matching procedure, we use the membership
function with three values. The comparison between an
individual and a concept can give three different results:

- Sureif the individual belongs to the concept.

- Impossible if the individual is in contradiction with
the concept.

- Possible if it is not in contradiction with the concept,
but missing information to be sure of its membership.

Based on this function, the purpose of the matching
procedure is to mark the current concept by one of the
three marks: "sure", "possible" or "impossible":

- A concept C is marked "sure" for the individual A
(A belongs to C) if for each attribute of C the value
of this attribute in A satisfies the constraints of C
(interval, domain, etc...). So, this membership can
be determined only if A is complete and satisfies the
constraints of C.

- A concept C is marked "impossible’ for the
individual A (A do not belongs to C), when the value
of an attribute of A does not satisfy the constraints
set for this attribute in C, here we do not take into
account the incompleteness of the individual A.

- If A has no value for some attributes defined in C,
and if the wvalued attributes of A are not in
contradiction with C, we say that the concept C is
possible for the individual A (the membership of A
to the concept C cannot be determined because it is
missing information).

The marks allocation is based on the satisfaction of the
attributes constraints in the concept, if it is a fuzzy

Clx) =
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attribute; the Matching procedure first begins to calculate
the membership degree of the individual to the fuzzy
concept based on the attribute value:
If membership degree >0 then constraint
satisfied
If membership degree <0 then constraint not
satisfied
The user can define another constraint satisfaction
threshold; in case he needs to be more sure of the
individual membership to the concept, for example, he
can define the 0.3 threshold instead of 0:
If membership degree < 0.3 then constraint not
satisfied

IV.4 Marks-Propagation

The purpose of this procedure is to minimizing the
number of concepts to be tested by propagating marks to
some concepts based on certain rules:

I- If a class is marked "impossible", all its sub-
classes will be marked "impossible".

2- If a class is marked "sure", all its super-classes
will be marked "sure".

3- If the current class C is marked "sure"
(impossible), VD, D=C (synonym), D will be
marked "sure" (impossible).

4- If the current class C is marked "sure"
(impossible), VD, D = 1 C (opposite), D will be
marked "impossible" (sure).

IV.5 Choosing-Next-Concept

After the marks propagation, the classification
algorithm chooses a new concept to the membership test.
Unlike the classification algorithm of TROPS model, our
algorithm is not based on the hypothesis of the
exclusiveness of sisters classes.’

In our conceptualization, fuzzy concepts are modeled
as fuzzy sets [3]. The strength of fuzzy logic in
knowledge representation comes from the intersection
between the fuzzy sets, thus an element can belong to
several fuzzy sets with different membership degrees.
Therefore, individual can belong to several concepts at
the same level of the hierarchy.

Considering the following conceptualization, in which
we define two fuzzy concepts as follows:

Medium-size-person: a person with a size between
1.60 and 1.80 m.

Tall-Person: a person with a height exceeding 1.75 m.

And an individual with a height of 1.77 m, he will
belong to both concepts "Average—Person and
Tall-Person" with two different membership degrees
related to the concepts membership functions.

For this reason, our classification algorithm tests all the
concepts of the current level before bringing the
individual down in the hierarchy.

4 . . .

In the TROPS model, sisters classes describe mutually exclusive sets.
Thus, if an instance belongs to one of these classes, it cannot belong to
any other class
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IV.6 Sopping the Algorithm

The classification algorithm may terminate for one of
the following reasons:
1- The matching is complete, and there are no more
concepts to be tested:
- Because the goal is reached and the individual is
classified the lowest possible in the hierarchy.
- Or because he does not belong to the hierarchy
and he is not classified.
2- The user wants to stop the classification.

A\ CONCLUSION

In this paper, we have proposed an algorithm for
reasoning with imprecise ontological knowledge. As a
first step in the problem of fuzzy ontology evolution, we
have proposed this algorithm in order to classify new
individuals in such ontology. The underlying key of our
algorithm is that it allows the classification of incomplete
instances in a fuzzy ontology. The reasoning mechanism
that we have used is the individual classification; this
reasoning mechanism takes into account the
characteristics of the conceptualization of fuzzy ontology:
knowledge uncertainty and incompleteness.

As future work, we intend to validate and test the
proposed algorithm in an application domain. We would
like also to test it in a concept hierarch based on fuzzy
subsumption.
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Abstract—Business intelligence is based on the existence of
main components including : data warehouses .The data
warehouse is a specialized database which main task is to
provide quick access to data in analysis objective. But in
some cases it is necessary to use a set of data warehouses to
provide a complete information . This structure is what we
call federation, and even if the components are physically
separated, they are logically seen as a single component.
Generally, these items are heterogeneous which make it
difficult to create the logical federation schema ,and the
execution of user queries a complicated mission. In this
paper, we will fill this gap by proposing a model for logical
federation schema creation based on ontology, in order to
treat different schema types (star , snow flack) including the
treatment of hierarchies dimension too.

General Terms—Data warehousing,
Information systems, Algorithm

Database systems,

Index Terms—Data warehouse Federation,
Hierarchical dimension, Schema I ntegration

Ontology,

I INTRODUCTION

A Data Warchouse represents the enterprise-wide
"single source of truth" and corporate memory of all
business process data [3], it is "a subject oriented, non-
volatile, integrated, time variant collection of data in
support of management's decisions." as defined by Bill
Inmon in 1990, the father of data warehouses.

In some cases, one data warchouse is not sufficient to
provide a complete information about a fact, which
makes grouping multiple data warehouses the only
solution. e.g. in the context of a hotel chain that is
geographically distributed in many countries, it may have
several heterogeneous warehouses to store and analyse
data about customers reservations.

this set of warehouses is what we call " a data
warehouse federation".
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Federated data warchouses are different than
distributed Data warehouses, in order that distributed data
warehouses can refer different subjects and there is a
strict rule in data distribution (horizontal, vertical...)
which make it easy to integrate the query results by using
join or sum operations [7].

In federated system, the user send his query without
having an idea about the location of data or its structure,
the set of data warchouses is seen as a whole and the
result is the combination of data warchouses components
results.

The components in FDWS (Federated data warehouse
system) can differ in aspects such as : data model, query
language and data semantic [9].

So, a FDWS must contains the following elements [8] :

e An integration procedure of the schemas of the
component warehouses giving the logical schema of
the federation.

e A query language for user who does not need to
know the schemas of the component warehouses.

e A procedure which enables decomposition of user
queries to the federation into sub-queries which are
sent to the component warehouses

The warehouse federation system management is first

based on a logical schema called the federation schema ,

which integrates all the components schemas. to create

this schema, we must integrate all the other local schemas,
without loosing information. During this integration, it
may be difficult to decide keeping or not an information
by using the procedure shows in[8], which compare every
measure to the one in the existing federation schema, if it
exists only the location of this measure which is

_ (Dg,b'_ name) .

characterized by the couple is added,

where :
I
0 : represents the fact table in the data warehouse i.
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1
b _hame : represent the name of the measure

else, a new measure is added to the schema .

An algorithm is implemented to integrate dimensions
attributes, respecting the same logic.

In fact, this algorithm presents its limits in case we
have a measures or a dimension attributes that refer to the
same subject, and represented by two different terms in
data warehouses local schemas and it doesn't treat the
relationship that could been between attributes and the
case of hierarchical dimensions.

Our approach consist of using an application ontology
defined in [10] as "a description of knowledge necessary
to achieve a particular task and that allows to use the
same programming language as the application
programming language ", to fill this gap instead of using
only Meta data that does not fully represent the semantic
relationship between local schema measures and
dimension attributes, and those of the federation schema.

In this article, we propose an ontology based data
warehouses federation management system to solve the
problem of semantic heterogeneity during federation
schema creation, based on hotel chain data warehouse
sources.

Moreover, in our knowledge, there is no studies that
used ontology in a federation context to solve this
problem, which justify our choice.

Then in section 2; we present and analysis in summary
a set of related works.

II RELATED WORKS

In all domain research, It is always worth considering
the others work , discuss it and check if we can refine
and extend it for our particular purpose.

In computer sciences, reusing existing sources is one
of the reasons that made the development of this domain
possible.

Warehouses federation according to Sheth and Larson
[9], and that appears in [7] and [4], is a set of data
warchouses that are heterogeneous, autonomous and
dispersed. Every component can continue its local
operations and at the same time participate in federation.

It's for the better that all the integration operations be
done without interrupting the process of component data
warehouses.

There are no many studies on the data warehouse
federation, however, R. Kern, K. Ryk, and Ngoc Thanh
Nguyen, proposed a framework for building logical
schema and query decomposition in data warehouse
federations [7], they developed an algorithm to integrate
component schemas into one global logical federation
schema.

But this algorithm presents some limits in order to treat
the case of warchouses with star schema only, and it
doesn't consider the hierarchical dimensions and all the
heterogeneity types, which are described in [9] as the
difference in structure, where different data models
provides two different structural primitives. then ,
differences in constraints ,differences in query languages
and semantic heterogeneity.

©2014 ACADEMY PUBLISHER

Semantic heterogeneity, is one of the biggest problem
that faces information integration nowadays, it occurs
when two synonym terms from two different sources
describe the same subject [1] ( e.g: schedule and
timetable are synonyms but we have to show it to the
system) .

one of the solutions to fill this gap is using ontology,
which is according to [6]" ontology is a formal explicit
description of concepts in a domain of discourse
(classes (sometimes called concepts)), properties of
each concept describing various features and attributes

of the concept (slots (sometimes called roles or
properties)), and restrictions on slots  (facets
(sometimes called role restrictions)). An ontology

together with a set of individual instances of classes
constitutes a knowledge base. In reality, there is a
fine line where the ontology ends and the knowledge
base begins."

According to their use, we distinguish many types of
ontologies, Generic Ontology, Domain ontology,
Application ontology, Representation ontology, The
ontology of methods, tasks and resolution of problems,
Light ontology and rich ontology [2].

Even if using ontology may resolve the heterogeneity
problem in federated data warehouses, it is not yet used in
this context, and all the solutions proposed are based on
Meta data repositories, which solve the problem of
structure definition but not the semantic issues.

111 OUR CONTRIBUTION

I11.1 Presentation of the Solution

Our work is an extension to [7] algorithm to create the
global logical federation schema .

R. Kern, K. Ryk, and N. Nguyen, proposed an
algorithm of integration of component schemas into a
federated logical schema.  They assume that all
warehouses are with star schema, so they do not deal with
hierarchies in dimensions.

In fact, even with a star schema the hierarchy for
dimension are stored are stored in the dimensional table
itself.

Whereas, in a snow flack schema, a dimension table
have more or more parent tables, and hierarchies are
broken into separate tables in snow flake schema . These
hierarchies helps to drill down the data from topmost
hierarchies to the lowermost hierarchies [5].

Our objective is an improvement of this integration
algorithm to cover heterogencous schemas (snow flack or
star schema). And use ontology as a tool to solve the
semantic heterogeneity problem instead of using meta
data only.

We propose a federation data warehouse management
system (FDWS), which cover :

e Improved algorithm for schemas integration using
application ontology

e A query analysis and decomposition tool .

e An ontology-based integration Algorithm for query
results.
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Fig. 1. Structure of the proposed Data warehouses federation
management system

1. Every federation component may or not have its
own local application ontology, which is written in
OWL language describing the semantic of every
attribute and measure, and describe the relationship
between items and hierarchies of dimensions by
using is_a and parentOf relations.

2. This local ontologies are exported to the logical layer
ontology repository, besides that a meta data xml file
is loaded into the federation system to describe data
structure.

3. The wuser query is analyzed by the FDWS,
decomposed, executed on the selected components

4. The query results are integrated using ontology to
solve the heterogeneity problem .

[11.2 Equations

In our case, the input can be with different schemas
types ( star , snow flack), so to treat the dimension
hierarchies we propose the following algorithm:
Annotation:

We use the same notation as [7].

Input.
j
i as the set of parents of a dimension defined by

R =(D,....D,)

H
P a Data warehouse schema defined as
i A i
H, =(D;.D;,....D};)
F an existing federation schema defined by

F =(DO,D1,...,Dm)
Output.

F the federation after integration with P,
Other notations are used:

a_nhame : name of attribute &
b name. b
— : name of measure
D,~D, D, . ..
X Y. TXissimilar to ¥ (based on ontology and

meta data OR expert's decision)

&=8 : A is similar to a (based on ontology and
meta data OR expert's decision)
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b, b
X Y . similar measures (based on ontology and

meta data OR expert's decision)
Recall of the Measureintegration algorithm.

R. Kern, K. Ryk, and N. Nguyen in [7], defined a
measure integration algorithm as follow:

For each measure from input data warehouse try to
find corresponding measure in federation schema. If such
a measure exists in federation schema add a mapping
between them. If none of the federation measures
corresponds to the current one add it to the federation and
make a mapping between new measure and the current
one.

Dimension Integration

In every iteration of the algorithm, the global schema
is being updated by integrating parents of dimensions,
then integrating the dimension it self .

1. For each dimension from a component schema, using
ontology, we extract the set of this dimension

parents , this set can be equal to % or contains one
or many items.

a. For each parents item, we look for similarity in F ,
if it contains a similar structure, we compare its
attributes with the existing one, in case two attributes
are similar, we add a new location to the attributes
inventory represented by the couple

(DP,a_name) _

, else, we add the attribute as a

new one to the dimension. In case that the attribute

doesn't exist in the target dimension, we add a new
attribute.

b. After integrating all the dimension parents, we

integrate using the same operations the dimension it
self.

foreach Dy . H,.y=12,...ap
if P’#J
foreach dimension D, P’
if I3D,e F:D,~D,
foreach attribute @'inD,
if JaeD,:a=a' \a is characterized
by (a_namelist)
list=list|_J{(D,,a'_name)}
ese
D, = DtU{(a'_ name,{(D,,a'_ name)})}
endif
endforeach
ese
D, =2
foreach g"in D,
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D =D J{(a_name{(D,.a"_name)} )}
endforeach
F=FJ{D]
endif
if 3D,e F:D, ~Dy
foreach attribute @'INDy

if JaeD,:a=a' \aq is characterized
by (a_name,list)

list =list{_J{(D.a'_name)]

ese

D, = DtU{(a'_ name,{(D},a’_ name)})}
endif
endforeach

dse
D, =9

foreach g"in D;

D, = DtU{(a"'_ name{( D),a"_ name)})}
endforeach

F=FJ{D}
endif
endforeach

[11.3 Comparison and Discussion

The aim of our work, is to propose an improvement of
an existing algorithm presented in [8]; in order to take by
consideration multiple schema types and less human
intervention during the integration process.

TABLE 1.
COMPARISON BETWEEN THE TWO SOLUTIONS
Our
Existing solution
work using
ontology
Tvpe of Star, Snow
yp Star schemas | flack,
schemas .
only constellation
covered
schemas
Hierarchical
dimensions No Yes
integration
Human Important: in | Only when
intervention in every preparing
the integration integration Component's
process step ontologies

As we can see from the table above (table 1.), which
situates our solution among the related works, we can
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conclude that the existing solution does not treats other
schemas types such as snowflack or constellation, which
makes it limited as a solution for federated heterogeneous
data warchouses that may not always have a star schema
type.

Otherwise, the related work used a simple stored
taxonomy created manually over all the data warehouses,
which could be a complicated mission if the number of
components increases, also by using a manually created
shared taxonomy that treat only synonyms, the problem
of hierarchical dimension persists, that's why we
proposed to exploit local ontologies which expresses all
types of relations between attributes (parent/child,
synonyms, ...) and improve the schema integration
algorithm by comparing every two attributes before the
integration in the global logical federation schema. the
integration in the global logical federation schema is an
automated process with less human intervention since the
human control is already done during the global ontology
creation. this ontology will be used also in other steps of
the federation management process such as the query
results integration.

v EXAMPLE

We consider that we have two data warehouses which
represent the sources of our federation system. The first
component is with start schema, so hierarchies dimension
are represented in dimension itself. e.g. the hierarchy

Country — Re gion — City -

Cliznt Hotelier
ID_Client (PK) ID_Hotelier [PK)
Cliznt_Name Reservations fact table Hatelier_N:
Client_Address [ Hotelier_Address.

D
ld_Ci
I
Number_of_ovemights
Price
Date
City ID_Date [PK)
y fear
Id_{_]lty {PK) Vonth
egion ek
Country -
Day

Fig. 2. A star schema of hotel reservations
The second component , is a snow flack schema
representing Hotel reservations. this schema contains
some hierarchies of dimensions.

o
o :
i Cistrr Fote

0 il (1

it Caegoy

1d Category PK]
10_SubCat P '—(\:_SM;{{H@ —L\F?Ftc"u_sr:gmer[PM I

Resevatos o e g fan
Enal —~ el Aoess
- m—
by 4 iy )
o I s Y
Rl i
Mimber_of ovemigts
Fice
Dite
by 10 (K]
Vet
g'“’ L Horh
gjin e
County g‘yk
8

Fig. 3. A snow flack schema for hotel reservations
After applying the proposed integration algorithm we get
the global schema as follow:



JOURNAL OF EMERGING TECHNOLOGIES IN WEB INTELLIGENCE, VOL. 6, NO. 1, FEBRUARY 2014 19

Custer Holelir

0_Customer (PK)

— 10 Hoelr [K)
Reservatons fac el Hoteer_Name:
y Hoteler A
——4ID_Hoteler (FK)
oy {0

——410_Date (FK)

[0 Costomer [FK)
Number of overmights
Pice

Dt
City 10 Date (PK)

) fear
1d_City (PK) — [
Region

Courry st
G
L3y

Fig. 4. The result of components schemas integration

Let consider two data ware houses, the first one (Fig2)
with a star schema and the second one (Fig3) is a snow
flack schema related to a reservation management in a
hotel chain.

1. We first extract ontologies and metadata files from
different nodes, in the integration layer of the FDWS |
then include new entries into the global ontology
repository .

2. Then we integrate fact tables by testing the existence
of this table in the global federation schema, if it
exists, we compare its measures to the existing ones
referring to the ontology repository .

3. next step is to integrate dimensions and hierarchies

dimension, e.g: we first integrate the  client
dimension from DW1 into the global schema, then
when we try to include Customer dimension , witch
is a synonym of client dimension, so referring to the
ontology repository we don't add it as a new
dimension, and we compare its attributes with clients
attributes .
Based on parrentof relationship mentioned in
ontology files, between Customer/client and
Category and sub Category we integrate this
hierarchy.

A% IMPLEMENTATION

The integration schema algorithm was implemented
using Java API Jena, to manipulate RDF language from
java application. We are using two data warehouses; the
first one with a star schema and has an ontology written
in OWL/RD, the second data warehouse with a snow
flack schema and has no local ontology.

Metadata files and OWL/RDF files are mapped into
xml file and transferred into the network to the Federated
data warehouses management system.
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VI CONCLUSION

In this article, we have presented a part of our data
warehouses federation management system. In particular
the process of creating the federation schema based on
the integration of local schemas using application
ontology. Which makes possible to treat the hierarchies
of dimensions by analyzing the parent of relationships,
and make the it easy to automate the integration process
in federation context.
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Abstract—Semantic Web add to all these resources that
allow computer systems to "understand" the meaning by
accessing structured collections of information and
inference rules that can be used to drive reasoning
automated to better satisfy user requirements. Standard
description of Web resources proposed by the W3C, as the
name implies, RDF (Resource Description Framework) is a
meta-data used to guide the description of resources, to
make it more "'structured” information necessary for
engines research and, more generally, to all necessary
computer automated tool for analyzing web pages. The web
is a new web sematique or all Web resources are described
by metadata, which allows machines better use of these
resources. Considering as a foundation specification FOAF
(Friend Of A Friend), we use semantic structures (RDFa) to
create an ontology and technologies in which it is
implemented.Create a conceptual model (eg, an ontology)
for personas and their uses in the context of human-
computer interaction we will present some screenshots of
execution of application.

Index Terms—Semantic Web, FOAF, Persona, Vocabulary,
Ontology, Persona.

| INTRODUCTION

Semantic Web technologies and Semantic Web offers
us a new approach to managing information and
processes, the fundamental principle is the creation and
use of semantic metadata. Using the semantics, we can
improve the way information is presented. At its simplest,
instead of providing a linear search results list, the results
can be grouped by meaning. The use of semantic
metadata is also crucial for the integration of information
from heterogeneous sources, either within an organization
or across organizations. [1]

For their implementation, management information,
the integration of effective information and intergration
of applications require that all information and underlying
be semantically described and managed process, is that
they are associated with a machine description of their
meaning. This, the basic idea behind the Semantic Web
has become very important to late 1990s [2] and in a
more developed in the 2000s [3] form. The last half
decade has seen intense activity in the development of
these ideas, especially under the auspices of the World
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Wide Web Consortium (W3C) [4]. At the heart of all
Semantic Web applications is the use of ontologies. A
commonly accepted definition of an ontology is: "An
ontology is an explicit and formal specification of a
conceptualization of a domain of interest" [5] This
definition focuses on two points, first, the
conceptualization is formal and therefore allows
reasoning by. the computer, and the ontology is designed
to perform a particular area of interest. Ontology consists
of concepts (also known as the class name), relationships
(properties) and instances and axioms. Therefore, a brief
definition was proposed as <C,R,I,A> 4-tuple, where C is
a set of concepts, R a set of relations, | have a set of
instances and A a set of axioms [6]. The first work in
Europe and the United States on the definition of
ontology languages has converged under the W3C to
produce an OWL [7] Web Ontology Language. OWL
provides mechanisms for the creation of all the elements
of ontology concepts, instances, properties (or relations)
and axioms [1]. OWL is based on the Resource
Description Framework (RDF) [8], which is essentially a
language for data modelling, also defined by the W3C.
RDF is based on the graphs, but usually serialized as
XML. Essentially, it's triplets: subject, predicate, object
[1]. The Semantic Web is simply a web of data described
and linked in order to establish the context or semantics
that adhere to the defined grammar and language
constructs [15]. In this article we try to create a
conceptual model (eg, an ontology) for personas and their
use in the context of human-computer interaction. These
models are widely used in the design, development and
science. They are powerful tools to represent the
structures and relationships in order to better understand
the complex, talk, or use. Without models, we have to
make sense of raw unstructured data, without the benefit
of an organizing principle. Good models emphasize the
main characteristics of structures and relationships they
represent and de-emphasize less important details [24].

Il FOAF VOCABULARY AND SYNTAX

FOAF is not so much an application as an ontology
used by many applications. The Friend of a Friend project
(FOAF) was one of the first to recognize the simple
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power of social networks. The FOAF project provides
tools to connect people so a model that contains typical
social attributes such as name, email address, interests,
etc. [15]. The FOAF project is based on the use of
machine readable Web homepages for individuals, groups,
businesses and other types of things. For this, we use the
"FOAF vocabulary" to provide a set of basic conditions
that can be used in these web pages. At the heart of the
FOAF project is a set of definitions to use a dictionary of
terms that can be used to express claims about the world.
The initial objective of FOAF has been on the description
of the people, because people are the things that connect
most of the other kinds of things that we describe in the
Web: they are documents, attend meetings, are shown
photos, and so on. FOAF vocabulary definitions
presented here are written using a computer language
(RDF / OWL) which makes it easy for software to handle
some basic facts about the terms of the FOAF vocabulary,
and consequently the things described in the FOAF
document. FOAF document, unlike a traditional web
page, can be combined with other materials to create a
FOAF unified database of information [17].
Example[20]
Here is a very basic document describing a person:

<foaf:Person>
<foaf:name>Dan Brickley</foaf:name>

<foaf:mbox_shalsum>241021fb0e6289f92815fc210f9e9
137262c252e</foaf:mbox_shalsum>
<foaf:homepage
rdf:resource="http://rdfweb.org/people/danbri/" />
<foaf:img
rdf:resource="http://rdfweb.org/people/danbri/mugshot/d
anbri-small.jpeg” />
</foaf:Person>

FOAF is an application of the Resource Description
Framework (RDF) because the area we describe - people
- has so many competing needs a standalone size could
not do them any justice. Using RDF, FOAF wins a
powerful extensibility mechanism, allowing FOAF based
descriptions can be mixed with claims made in any other
RDF vocabulary [18].

FOAF, like the Internet itself, is an information system
related. It is built using the Semantic Web technology
decentralized, and was designed to allow the integration
of data across a variety of applications, Web sites and
services, and software systems. To achieve this, FOAF
adopted a liberal approach to data exchange. It does not
require you to say anything about yourself or others, or
puts no limits on the things you say or the variety of the
Semantic Web vocabularies that can be used to do this.
The current specification provides a "dictionary" basic
terms about people and the things they do and do [19].

11l PERSONA

A persona is a typical user (the famous archetype), a
fictional representation of target users, which can be used
to set priorities and guide our design decisions interface
[22].
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The method is a technique personas Users centered
design, initiated by Alan Cooper in 1999. This method
can provide a common and shared vision of the users of a
service or product, highlighting their goals, expectations
and potential brakes, and offering a more engaging
format. In the field of web persona is a fictional character
who represents a targeted group. When designing a
website, it may be necessary to define multiple personas
that will represent each type of potential visitors. A good
persona is not to stereotype users but to create users that
seems real. That is why we have set goals and personality
traits realistic. Based on the objectives of the persona and
its specific characteristics (identity, age, familiarity with
computers ...) you should check that the user interface to
meet the needs of users represented by the personas [22].

Personas give us a precise way of thinking and
communicating how users behave, how they think, what
they want to accomplish and why. Personas are not real
people, but they are based on the behaviors and
motivations of real people that we have observed and
represent them throughout the design process. They are
composite archetypes based on behavioral data collected
from many actual users encountered in the ethnographic
interviews. Personas are based on patterns of behavior
that we see in the research phase, so that we formalize in
the modeling phase. Using personas, we can develop an
understanding of the goals of our users in specific
contexts - an essential tool for the use of user research to
inform and justify our designs[23].

Personas are a model used to describe the objectives,
skills, abilities, experience and technical context of the
users. They are detailed descriptions of archetypal users
built on understanding, very specific data models on real
people. A character is not based on an individual - he is a
construct developed through a detailed process, not the
result of a search for the "right" (see the character
creation for more details) . They are used by the design
team (and largest project team) to describe and keep the
foreground user (s) for which the system will be built
[22].

Personas, like many powerful tools are a simple
concept but must be applied with considerable
sophistication. It is not enough to whip up a couple of
profiles based on stereotypes and generalizations users, it
is not particularly useful to include a photograph of a
stock job title and call it a "persona." Personas to be
effective tools for design, considerable rigor and finesse
should be applied to the process of identification of
significant and meaningful in user behavior trends and
transform these into archetypes that represent a wide
range of users [23].

IV CATEGORIES AND PERSONAS CONSTRUCTION

Persona is a technical approach to ensure the inclusion
and optimizing the user experience in the design of an
interactive medium. To be useful, the persona must come
from real information about users without their creation
which may be based on stereotypes. This approach allows
one hand to filter and synthesize data users and secondly
to unite all stakeholders around key profiles: the main
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tasks that should be an answer, user’s needs and priorities

appear more easily identifiable.
Categories of persona:

e Primary Persona
This persona is usually designated the primary
persona. Indeed, each primary persona requires the
presence of its own user interface in a particular
application. Knowing that there will be more of a
primary persona when their needs cannot be met by
the same interface. The fewer the number of primary
personas the better.

e Secondary Persona.
By focusing on the primary persona, the secondary
persona's goals and needs can mostly be met.
Nevertheless, there are a few needs specific to them
that are not a priority for the primary persona. To
meet the needs of a secondary persona, there may be
small additions to the interface necessary. However,
these additions should not negatively affect the
experience of the primary persona.

e Supplemental persona
User persona which are neither primary nor secondary
are called supplemental persona. The combination of
primary and secondary personas represents
completely supplemental persona’s needs that are
completely satisfied by the solution devised for one of
our primaries.

e Customer persona
Customer personas match customer needs, as
discussed by ((auteur) et al., (année)) and their
treatment is similar to that of secondary personas.

e Served persona
Served persona some what differ from persona types
discussed previously. Although they are directly
affected by the use of the product, they are not users
of the product at all.

¢ Negative persona
Negative persona they aren’t users of the product, like
served personas. They mediate between stakeholders
and product team members by informing them that
there are specific types of users that the product is not
being built to serve[23].
The majority of studies that have been done on
personas seems to focus on targets in the context of
what distinguishes persona to another [24]. But with a
narrative perspective objectives are part of what
makes the persona act in a given situation. What
difference personas are like in real life, personal
characteristics possess persona (age, history, psyche,
etc.).

Personas Construction
As a rounded character [25], the persona can be
characterized by the following elements, namely:

e Body: body constitutes a human being. Sex, age, look
helps the designer emphasise the Persona

e Psyche: to understand motivations for actions we need
to understand what lies behind the motivation, the
personality.

e Background : job position, family, education, social-
and cultural positions explain motivations for actions.
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Emotional state : to know the emotional state furthers
engagement in the Persona [26]. Inner needs and goals,
ambitions and wishes create a foundation for the
emotional state.

Cacophony : two oppositional character traits [27].
The oppositional traits are what constitute the
difference between a stereotype and a rounded
character.

Persona is static but is dynamic when inserted into the
actions of the scenario. In the scenario, the persona is
in a context, in a specific situation with a specific
purpose [28].

Persona Elements :

Goals ,

Attitudes (related to your context) ,

Behaviors & Tasks (in your context) ,

Name,

Photo ,

Tagline ,

Demographic Info (brief just to help "humanize"
them) ,

Skill level ,

Environment ,

Scenarios (not all but perhaps the highest priority,
most common or most telling about their needs) [29].

V THE PERSONA DATA MODEL AND THE DIAGRAM

5.1 Use Case Diagram
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Fig. 1. Use case diagram of the Persona data model[37].
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Fig. 2. Gives the list of classes in a hierarchical view.

6.1 This is the List of Data Properties:
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Fig. 3. Extract the Data property defined in the ontology Persona

6.2 This is the List of Object Properties:
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Fig. 4. Extract the Object property defined in the ontology Persona

VIl DEPLOYING THE APPLICATION PERSONA

Persona web application developed using JSP and
Servlet technologies. To be functional, it must be
deployed in an HTTP application server with JSP /
Servlet container. Apache Tomcat is both HTTP server
(Apache) and Servlet / JSP container, which makes it an
ideal candidate for the deployment of our application.
The figure below shows the deployment scheme of
Persona application.

I Aga‘:he Tomeat Agglicationserverl

Medistor Persona Data Sources \

Interface [ayer I
MySaL

da‘taﬁ b'%
e MysQL

detabaserary

Wit

Local sources layer

Diagram of deployment Persona Application

Fig. 5.

The deployment of the application on Apache Tomcat
persona is done by placing the directory containing the
application files in the webapps directory of Tomcat.

VIII IMAGES OF APPLICATION EXECUTION

In what follows we will present some screenshots of
execution of our application, the homepage is the first
window website, where you can access the different
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menus of the site persona. It contains five main menus
(Identity, Organization, Context, Event, and Goals).

- Context menu contains three submenus (Place,
Society and Contact point).

- Goals menu contains three submenus (Personal,
Business and Practical).

Identity Organization Context Event Goals
Fig. 6. Menus of the site persona.
ldentity Organization Context Event Goals
Place
Soclety
Contact point
Fig. 7. Context menus active with submenus.

Persona

rnoaenng Ferson

Persona

The first page of website persona

Fig. 8.

To access this page below the identity, just click on the
menu Identity This file contains all information (family
name...) for each persona, also includes many features
including:

The addition, modification and removal identity.

The same think for context (place, Society and Contact
point), event, goals (Personal, Business and Practical),
organization.
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Persona

Modsling Persona

person

Updating
Family Name
- Add
= Delete
Adeition Name » Upcate
E w Display

» Cancel

<o | Design'ty &

Fig. 9.

Page Identity of website persona

CONCLUSIONS

In this article, we introduced the notion of ontology
and several methods and tools for ontology engineering.
In our study, taking into consideration the characteristics
and benefits of ontologies, we focused on the ontology
for building a persona vocabulary.

Like many powerful tools, personas are a simple
concept but must be applied with considerable
sophistication. It is not enough for some profiles based on
stereotypes and generalizations users, it is not particularly
useful to attach photos to a job title and call it a
"persona.” Personas to be effective tools for design, rigor
and considerable finesse should be applied to the process
of identification of significant and meaningful in user
behavior trends and transform these into archetypes that
represent a wide range of users.

In addition, ontologies have the potential to allow a
true knowledge sharing and reuse of heterogeneous
agents, both human and computer. A major challenge is
still open alignment of different ontologies to provide
interoperability ~ between  heterogeneous  agents.
Considering that we were able to achieve the objectives
of the party in this document, and we made the right
choices about the tools for implementation, so that our
work will be a great way for other future projects.

Looking ahead, we plan to expand our study using
another technique, namely: first, the development of other
ontologies and combine with ours to enrich the
vocabulary used for annotating and research. Then test
the possibility of reasoning provided by OWL. Finally,
our next task will be presented the implementation details
of the application, and is going to use for the realization
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of our application: Development Tool: JBuilder7, Virtual
Machine, Java: J2SDK 1.4.2, Web Server JSP Tomcat
4.x, Libraries: Jena version 2.3 and Servlet / JSP Version
2.3/1.2 (included in Tomcat 4.x).
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Abstract—It has become increasingly difficult to ensure
consistency between all artifacts in complex software
applications, and manage the impact of their development
throughout the development process.

Computer  assistance in detecting and resolving
inconsistency issues can help improve the quality of designs
and development of software.

In this article, we propose a unified approach to
representation of different heterogeneous artifacts and a
uniform formalism to express methodological consistency
rules based on traces of construction and we validated our
approach by building a check engine in order to detect
inconsistency.

General Terms—Design, Verification.

Index  Terms—Artifact, Meta-model Construction,
Consistency, Software Engineering, Inconsistency Rules,
Construction Operations, Check Engine.

I. INTRODUCTION

We ask Software Engineering has been described as a
discipline of description [2]. Software engineers make
use of a large number of different artifacts, including
source code, analysis models and design, unit tests, XML
deployment descriptors, the user guides, among many
others. Since these artifacts may evolve over the time
through participation and collaboration of many
engineers throughout the development process, [3]
establishing and maintaining consistency among
descriptions presents several problems:

e descriptions vary greatly in their formality and
precision;

¢ individual descriptions may themselves be ill-formed
or self-contradictory;

e descriptions evolve throughout the life cycle at
different rates; and
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e checking consistency of a large, arbitrary set of
descriptions is computationally expensive.

We use the term inconsistency to denote any situation
in which a set of descriptions does not obey some
relationship that should hold between them [16]. The
relationship between descriptions can be expressed as a
consistency rule against which the descriptions can be
checked. In current practice, some rules may be captured
in descriptions of the development process; others may be
embedded in development tools. However, the majority
of such rules are not captured anywhere [3].

Spanoudakis and Zisman [1] define six inconsistency
management activities that should be undertaken. The
first activity, inconsistency detection, is of special interest
as it defines the foundation of the whole process.
Considering this activity, two families of approaches are
identified: the logic-based approaches and the model
checking approaches. The logic-based approaches are
defined by the use of some formal inference techniques to
detect any kind of model inconsistency. The model
checking approaches deploy dedicated model verification
algorithms that are well suited to detect specific
behavioural inconsistencies but are not well adapted to
other kinds of inconsistencies.

The approach called « consistency management »
believes that it is impossible to ensure the global
consistency of all software artifacts at all times. Any
artifact can be temporarily inconsistent. The main
problem of this approach lies in tracking inconsistencies.
It is necessary to detect the introduction of new
inconsistencies and removing existing inconsistencies in
successive changes made by developers on artifacts,
without impeding the progress of the development
process.

It is important to note that current approach do not in
general work on homogeneous artifacts (eg model objects
[6,7,9, 11, 13, 14 et 15]), or using pivots formats (such
as XML [4 et 10]) to hide the heterogeneity. Moreover,
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they cannot generally cope with the evolution of different
heterogeneous artifacts.

In this article, we present CMAC, our approach to
managing consistency which has the particularity of
being based on construction operations of software
artifacts. CMAC detects the presence or absence of
inconsistency artifacts. Inconsistencies are specified by
logical rules on construction operations. This
representation has the advantage of supporting the
implementation of incremental detection providing
performance gains very interesting. Moreover, it allows
the definition of methodological rules of inconsistency to
specify temporal orders between construction operations.

The remainder of this paper is structured as follows.
Section 2 describes, accurately, how we attacked the
problem, the methods and tools we used and how we did
(the meta-model construction, unified formalism for
managing inconsistency). Section 3 presents the results of
our approach (the prototype we built) and we conclude in
the last section.

II METHODOLOGY

Understanding of the software and the acquisition of
knowledge about the system are essential for all activities
in software engineering. The term artifact means any
entity falling within the scope of software development.
However, it is both difficult and complex to identify the
data inconsistency across all artifacts starting from the
artifact changed. A change to any software artifact must
be taken into account and it will treat by controlling the
consistency rules defined in relation to other artifacts. It
is then necessary to dispose an abstract and unified
representation of software artifacts to facilitate the
expression and management of consistency between these
heterogeneous artifacts.

To check the consistency rules, we proposed CMAC
approach that identifies the elements that do not comply
with the consistency rules of artifacts. CMAC is
composed a meta-model of structural and unified
representation of the different software artifacts and a
uniform mechanism for expressing consistency rules in
these artifacts.

2.1 Artifact Construction

We considered that all artifacts, regardless of their type,
are comparable to typed graphs [17]. An Artifact is then
composed of elements. Each element is typed. It can
reference other elements. All references are also typed.
The artifacts are interrelated them at different levels of
granularity [18]. All artifacts can be represented
according to the hierarchisation in levels by the pair <
Sy s Yan > where Y, is the set of all levels. The k™
artifact of the /” level is represented by the pair < Ly;,
art;>. For example, <Lvcy,, Calculator> denotes the fact
that Calculator is an artifact belonging to the class level.

It is important to note that the current approaches
extract the data either by browsing all the artifacts with a
listening on construction operations of developers at the
end of to store in a database [5, 7, 8, 11 et 12], or through
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the conversion of all artifacts into XML before applying
the consistency rules [4].

Extract all artifacts and listening different construction
operations is a very heavy process to install it in a
development environment. In our approach, we allow
users (who are often responsible for the development) to
extract artifacts by level who need and stored in the
database at the end of applying different consistency rules
(eg classes, methods, attributes, beans deployment
descriptor).

For more complex artifacts such as compounds
artifacts, texts files and documents of business rules. We
adopt an approach that is defined manually by the expert
of evolution. This means that artifacts are extracted
manually or by specific algorithms implemented by
artifact level such as java and xml files.

The figure (Fig 2.1.1) shows the meta-model we
proposed, to present the structure of uniform
representation of artifacts. Of specific algorithms defined
by artifacts level and other added manually by experts
following the approach adopted. The event listener
adapted for each type of artifacts are listening to the
construction operation (creation, modification, deletion)
to represent all artifacts in meta-model, specifying
temporal orders between construction operations, for
better control of software evolution.

ReferentialData

#String code
#String value
#description

0..1 Parent
RefFileType RefLevel [0..*
1 1 1..* 1
o..* 0.*
File Artifact
-String name -Long version
-String path -String name
-String value
-Date date o..1
o
Parent

Fig 2.1.1:Meta-model of Artifact construction

We tried to provide a simple and scalable meta-model
to represent all types of artifacts.

We considered that all artifacts are stored in files. Each
file type must have hierarchical abstro-granular levels (eg
class level which contains methods which can find the
parameters). Artifacts can also be represented
hierarchically, an artifact can have elements (artifacts),
and each element can have other elements (artifacts), and
so on. Each artifact belongs to a level (set manually by
experts).

Taking the following example, a class java «
Calculator.java » (Fig 2.1.3).
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package ma.organization.calculation;
public class Calculator {
private int operand;
private int operandZ;
public Calculator(int pOperandl, int pOperand2) {
this.operand! = pperand!;
this.operand? = pOperandZ;
}

Fig 2.1.2: Sample java file “Calculator.java”

To meet these rules consistency, we propose a unified
approach to extract only the artifacts which will need it,
that means the developer responsible for the evolution
specifies the different artifacts to extract by level, and it is
through a form choosing the file type and artifacts levels
to extract. For complex files (not supported by the
application) such as text files and documents, specific
algorithms can beings developed following the adopted
approach end to enrich the form data.

Below is represented the different levels and artifacts
they may be extracted from the previous example at the
end of meet consistency rules.
<LVyuckage s11a.0¥ganization.calculation>
<Lv(ys » Calculator >
<Lvattribut ] 0pemnd1>
<Lvattribut ] 0pemnd1>
<chonstructw‘) Calculator >
<vaammeter s P Op erand >
<L vpammetar s P Op erand2>

2.2 Engine of Consistency Rules

Several classifications of consistency rules have been
provided in [1] and others. Our goal is not to define a new
classification of consistency rules, but rather to provide a
uniform mechanism (engine of rules) for dealing with
artifacts inconsistency regardless of their types.

For the consistency rules, we proposed to define them
as of relationships between the elements defined in the
meta-model construction (chapter 2.1). In the case of our
model, we allow users (who are often responsible for the
development) to define dependencies between software
artifacts. These relationships are represented as of logical
formulas defined by the development engineer through an
intuitive interface (Eclipse plugin under construction).
For more complex relationships we adopt a specific
language that is to define them manually by the expert of
evolution.

Modeling the inter-relationships artifacts is a complex
and very important task. We consider three types of
relationships (Fig 2.2.1).

©2014 ACADEMY PUBLISHER

Fig 2.1.1: Classification of artifact relationships

They are:

1. Inter-files relationships: These relationships
connect artifacts belonging to two different file
systems. This is the case for example of the
relationship between a UML class and a Java class
that implements or the relationship between java
class and the deployment descriptor (xml file).

2. Horizontal relationships: they represent different
kinds of semantic links in the same file and linking
artifacts of the same granular level. This is
particularly the case of the call relationship between
two methods or the inheritance relationship between
two classes, ...

3. Vertical relationships: they connect two artifacts
belonging to the same file at different granular
levels. An example of this type of relationship is the
one between a class of these attributes, a method
body or block the instructions that compose it, ...

Figure 2.2.2 presents our proposal of a meta-model of
construction and consistency rules between the different
artifacts for monitoring the impact of their evolution
(detect violations of methodological constraints)

We considered that a consistency rule « Rule» is
composed of several conditions « Condition ».
A condition can be either:
1. A composition of several sub
Condition ».
2. Or in the form of two parameters « ParameterA &
B » and one operation « RefOperation ».
« ParameterA » may have the exact value of artifact or
after the application of the method « RefMethode ».
« ParameterB » same principle as the « ParameterA »,
except that it can also have a value entered by the user.
« RefMethod » specific methods that can be applied sue
parameters (eg StringTolnt, NumberOfChart and others).
« RefOperation » can have the value of the following
symbols (>, <, = =, equals and others), usually all the
signs used in the “if” statement of the Java language.

condition «
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(e.g. the rule “(StringTolnt("23")> 3)”, the sign ‘“>”
represents the « RefOperation », “23” is the value of «
Artifact », “StringTolnt("23")” is the value of «
ParameterA » and “3” is the value of « ParameterB »).
The user can specify an error message « Message » in
case of inconsistency, as he may specify the severity level
for each rule (in case of “BLOCKING” the system stops
the application if it is started).

« RuleState » containing a state history of each rule
(successful and not succesful) together with the current
state (historized: false), this table is powered to each
inconsistency check.

ReferentialData

I> #String code

#String value
#description

FE R pe

RefOperation| | RefMethod RefFileType RefLevel |0..
0.1 0.1 1 (1 1.4 1 4
1 0..*
File
-String name
-String path 1
i..* 1
0..* 0.* Artifact
Condition ParameterA =  -String value
-value 1 1
0..*| ParameterB 0..*
0..* 0..* 0.1 =
1] +String value 0
0- Parent
0..*]
1 W — RuleState
subcondition —_—
-boolean successful
0.7 -boolean historized
" | +Date date
1| <<enumeration>>
A 1 Rule Gravity
+BLOCKING

<<enumeration>>
ConditionType

o
K
N

-+NOT_BLOCKING
+INFORMATION

+AND 1 0..%]
+OR
1
0..1 <<enumeration>>
Message RelationType
-code +HORIZONTAL
-title +VERTICAL
-body +INTER_FILES

Fig 2.2.2: Meta-model of construction and consistency rules

2.3 Detection of Inconsistency

We have implemented a system for the automatic
verification of inconsistency. The program is developed
with Java language, it is based on the extracted artifacts
and consistency rules defined by the developer before
displaying the different specific messages to each
inconsistency in the console. The key principle is to
convert the rules defined in the meta-model to queries
written in Java language.

A consistency rule is usually written in the following
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A condition can be either a set of other conditions

Condition = $ConditionType ($ParameterA
SRefOperation $ParameterB)

e S$ConditionType : can have two values {OR | AND}.

o S$RefOperation : can have the following symbols /<, >,
=, ==, /=, equals, ...} almost all the symbols used in
the if condition of Java language.

e SParameterA : $RefMethode($Artefact), is the value of
an artifact, be simple or well after application of a
specific method (e.g. converting a string to a numeric
value).

o SParameterB : {Value | $RefMethode(3Artefact)} the
same principle as $Parameterd, except that
8ParameterB can have a value entered by the
developer.

actions(A) = (update curent $RuleState) and (add new
SRuleState)

If the conditions of the rule are true then = update the
current state SRuleState(historized:false) of the rule by
changing the value of the attribute historized to true, then
add a new object SRuleState with successful:true,
historized:false and date:new Date().

actions(B) = (update curent $RuleState) & (add new
SRuleState)

If the conditions of the rules are wrong then = 1- Update
the current state $RuleState(historized:false) of the rule
by changing the value of the attribute historized to true.
2- Add a new object $RuleState with successful:false,
historized :false and date:new Date(). 3- if
3Gravity:blocking > Stop processing and display
specific message (or generic message if the developer has
not specified an error message) in the console, else if
SGravity: {not blocking|information} display the message
in the console without stop processing.

III RESULTS

As a proof of concept of our approach, we have built a
prototype in the Java programming language. The key
idea is that the artifacts and consistency rules are
represented in a unified meta-model and a Java program
is based on the meta-model for check the inconsistency.
This java prototype will be integrated into the Eclipse
development environment (CMAC eclipse plugin in
progress) and development tool Checkstyle (in progress).
Users can trigger the inconsistency check or set the start
settings (at project start, activate the listeners, ...). Of
listeners per file and level artifacts are listening to
different construction operations at the end update the
relevant data in the meta-model (e.g. if a file has been
updated > update all artifacts of this file).
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3.1 Architecture

Our prototype is composed of two main components:
the “Artifact Builder” and the “Rules Engine” (see
Figure 3.1.1).

“Artifact Builder” is responsible for the following two
main tasks:

1. The extraction of artifacts from different file types
and levels selected by developers, and then store
them in a unified database of construction.

2. Listening to the various construction operations (add,
update and delete) made by the developers on the
files and monitored artifacts levels in order to update
the database of construction.

“Rules Engine” allows users to specify different
consistency rules through an intuitive graphical interface
or through the specific language for complex rules. Also
contains a program for detecting inconsistencies. It
analyzes the rules stored in the database (conversion to
the specific language before compilation) and produces
an inconsistency detection report.

Event \ —
files Consistency Inconsiste;ncy
rules check

Artifact Builder Rules Engine

Database of construction
and consistency rules

Fig 3.1.1: CMAC architecture

3.2 Artifact Builder

We have defined two kinds of Artifact Builder. One is
a file reader and the other is an event listener. The file
reader can scan all file type, and outputs all the artifacts
that correspond to different levels selected by the user
(existing levels or implemented by the developer). The
event listener can receive events raised by the various
modification made by developers in order to update
artifacts in the database. This enables the incremental
checking of inconsistencies.

The file reader artifact builder has been developed in
Java on top of CMAC framework using Strategy pattern.
Strategy is a software design pattern, whereby an
algorithm's behavior can be selected at runtime based on
the type of data [19], in our case the type of data is the
level of artifact. We proposed to implement a specific
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class by artifact level, and for more complex levels the
developer can add more classes by level following the
adopted approach. In each class we defined the specific
algorithm for extracting and recording the artifacts in the
database with corresponding levels.

The event listener has been also developed in Java
using the WatchService API of Java 7. The objective is to
monitor the various changes to the files and Artifacts
levels, then make the call to the file reader in order to
update data in the database.

3.3 Rules Engine

The principle of the Rules Engine is very simple, it is a
CMAC plugin interface allowing users to define
consistency rules as logical operations between artifacts
values, already extracted by the Artifact Builder.

For the simple rules (those defined between two
artifacts for example), we have proposed to define them
manually through an interface proposed by the plugin,
and for more complex rules, the developers must go
through an option of specific language that is available in
the same plugin interface.

The two ways of declaring consistency rules deliver
output recorded in a unified meta-model.

Rules Engine also contains a program for detecting
inconsistencies. Our approach is to convert the different
registered rules to queries in java language (section 2.3),
and at the output of the execution of these conditions, the
program update states history of each rule and display
specific messages when inconsistency.

IV CONCLUSION AND PERSPECTIVES

In this article, we presented an approach to managing
consistency in the design and software development. This
approach includes a unified meta-model representation of
different heterogeneous artifacts and a uniform formalism
to express methodological consistency rules to support
information engineering in software development projects.
And we validated our approach by building a system
(check engine) to detect violations of methodological
rules.

Due to its modular architecture, CMAC serves as a
good basis to implement a whole chain of processing
tools on top of it. Many tasks in the context of software
development and reverse engineering require not only to
retrieve information of interest, but also to process it in
some meaningful way. Tasks like pre-processing,
refactoring, consistency validation etc., all require a
custom extraction tool. For example, block modification
of any entity before updating the class in the UML model.
This example shows that CMAC is a good basis for the
implementation of tools and languages for the
development of software engineering.

We are currently working to implement the plugin
CMAC implementing our approach which can facilitate
the management of inconsistency between heterogeneous
artifacts. Finally, we wanted to integrate our approach in
several object mapping and refactoring tools, citing for
example “Checkstyle” and “Dozer” tools.
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Abstract—Securing  a  wireless communication  has
generally a vital importance, particularly when this
communication is in a hostile environment like in wireless
sensor networks (WSNs). The problem is how to create
cryptographic keys between sensor nodes to ensure secure
communications. Limited resources of sensor nodes make a
public key cryptosystem such as RSA not feasible. So, most
solutions rely on a symmetric cryptosystem. In this paper,
we propose a new key mana-gement scheme based on
symmetric cryptography which is wel adapted to the
specific properties of WSNs. The evalu-ation of our
solution shows that it minimizes memory occupation,
ensures scalability, and resists against the hardest attack:
com-promised nodes.

General Terms—Network Security.

Index Terms—WSN, PDKR, Sink, TinyPK, Tiny ECC,
SKNP, SPINS, LEAP.

I INTRODUCTION

The convergence of technological advances in micro-
electronics and wireless communications has enabled the
emergence of a promising area: Wireless Sensors
Networks (WSNs). WSNs come from the combination of
embedded systems and distributed systems. WSNs have
opened the way for a multitude of research areas and
the huge interest generated by researchers activities calls
for broad fields of applications in the near future.

Sensors appear as miniaturized systems, equipped
with a processing unit and storage of data, a unit of
wireless transmission and a battery. Organized as a
network, the sensors (or nodes) of a WSN, despite
resource constraints in computing capacity, storage, and
energy, have to play an essential role in quasi all
domains of human environment. They are primarily
dedicated to collect data from physical phenomena
such as monitoring global warming and send them to a
base station (also called the sink) [1]. Figure 1 show an
example of a WSN composed of ten sensor nodes
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deployed randomly around a base station. Depending on
the size of the deployment area, the transmission range
of the sensor nodes, and the base station, sensor nodes
can communicate with the base station directly or
indirectly by computing a hop-by-hop route to it. Many
barriers to the common deployment of WSNs have to
be overcome before they can reach their full maturity.
Among these obstacles, the security problem is acute
and must be addressed adequately and in accordance
with the binding characteristics of WSNs. Because of
their constraints and their deployment in unattended
and hostile environments, the different nodes of a WSN
are vulnerable to node compro-mising and also to
physical damage [2]. In addition, the use of wireless
transmission makes WSNs permeable to all sorts of
malicious attacks. Consequently, security is a real
challenge to rise.

Figure 1 Example of WSN

Several key management protocols for WSNs [3-4-5-
6-7-8] were proposed to respond to the security
requirements of these environments. Unfortunately,
node compromising is rarely or not enough investigated
and most of these protocols have a weak resilience to
this attack. In this paper, we present a symmetric-based
key management solution for WSNs called PDKR
(PROTOCOL  DIAGRAM  KEY  RECOVERY
SOLUTION for WSNs). PDKR is a simple and robust
solution to secure node-to-node and node-to-base station
communi-cations. PDKR assumes a random deployment
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of nodes. It builds a diagram that spans all the sensor
nodes. This diagram allows key refresh with small costs.
Simulation results show that PDKR is very resilient to
node compromise while preserving energy consumption
at the level of sensor nodes.

The rest of the paper is organized as follows. First,
we discuss related work in Section 2. In Section 3, we
present our solution and give its detailed algorithms.
Section 4 is devoted to an analysis and a simulation of
the proposed solution. Section 5 concludes our work.

II BACKGROUND AND MOTIVATION

Key management is the process by which
cryptographic keys are generated, stored, protected,
transferred, loaded, used, and destroyed [3]. Figure 2
lists a selection of existing key mana-gement solutions
proposed for WSNs in the literature, for a detailed
state of the art see [3-4]. Most existing key mana-
gement solutions are based on symmetric cryptography
mainly because of its reasonable energy consumption.
Asymmetric cryptography involves the use of a pair of
keys (public key and private key) to encrypt and decrypt
messages. Each node in the network has a public and a
private key, the first is known throughout the network,
the second is secret, that is, known only by the node.
The source node encrypts messa-ges using the public
key of the destination node, and this latter uses its
private key to decrypt received messages. In symmetric
cryptography, the source and the destination use the
same key to encrypt and decrypt messages.
Asymmetric cryptography offers better resistance
against node compromise attack and allows scalability
but requires an additional part on software and hardware
of the nodes. Some researchers investigated asymmetric
cryptographic tools and propose adapted solutions.
Examples of such solutions are Tiny Public Key
(TinyPK) [9] and Tiny Elliptic Curve Cryptosystem

(Tiny ECC) [10].
No key pre-
distribution

f
/

Master key based
/ pre-distribution

Paire-wise key
pre-distribution

Base station
participation
\ Probabilistic key pre-
\\\ distribution
\\
‘\\ Dynamic key
\ \ management
Hierarchical key
management

Location based
keys

Using asymmetric
cryptography

Key nt

SRR Using symmetric
cryptography

Figure 2 Some Existing key management solutions for WSNs

With symmetric cryptography, the simplest idea is to
load secret information in the sensor nodes before their
deployment in the network. This secret information
deployed in the network may be the secret key itself or
auxiliary information that helps nodes to derive the real
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secret key shared by the nodes. With this secret key,
nodes can securely exchange messages [3]. The main
disadvantage of this solution is that compromising one
node (access to the pre-loaded key) might lead to
compromise the entire network. To overcome this
limitation, several researchers propose schemes that
establish pairwise keys rather than a unique global key.
For example in [11], the authors focus on developing
cost-saving mechanisms while weakening the threat
model. They propose Key Infection, a lightweight
security protocol suitable for use in noncritical
commodity sensor networks where an attacker can
monitor only a fixed percentage a of communication
channels. With Key Infection, a node wishing to
communicate securely with other nodes simply
generates a symmetric key [4] and sends it in the clear
to its neighbors.

n [12], Blon describes an optimal class of symmetric
key generation systems solution. In this solution, some
of the possible link keys in a network of size /V are
represented as a (A+1) X N key matrix. The scheme
stores small amount of information in each sensor node,
so that some pair of nodes can calculate corresponding
field of the matrix, and uses it as the link key. This
solution is A-secure, meaning that keys are secure if no
more than A nodes are compromised. Another A-secure
solution is presented in [13] and called Polynomial-based
key pre-distribution scheme. This scheme distributes a
polynomial share (a partially evaluated polynomial of
degreed) to each sensor. So, each sensor node stores a
polynomial with (A+I) coefficients and every pair of
sensor nodes can establish a key using the property of
symmetry of polynomials. The solution is A-secure,
meaning that coalition of less than A+Isensor nodes
knows nothing about pairwise keys of others.

In [14], the authors propose BROSK (BROadcast
Session Key negotiation protocol). With BROSK every
node broadcasts a message containing its nonce. So,
every two neighbouring nodes that hear each other can
compute a common key which is function of their two
nonces. Neighbouring nodes authenticate themselves with
a pre-deployed key which is supposed to be unreachable
in the case the node is captured. In [15], the authors
propose a variation of this protocol where the pre-
deployed key is used only for a restricted period of time
during which nodes establish pairwise keys. Then, the
pre-deployed key is erased. However, HELLO messages
used to establish pairwise keys are sent in the clear. So,
an attacker that captures a node and also eaves drops
HELLO messages can use the IDs and nonces contained
in these messages to derive established keys.

Perrig et al. propose in [16] SPINS, a key management
protocol that relies on a trusted base station to distribute
keys. SPINS contains two parts: SNEP (Secure Network
Encryption Protocol) that protects communications
between a node and the base station or between two
nodes, and g TESLA (micro time efficient streaming
loss-tolerant authentication) that serves to authenticate
packets coming from the base station. The first part is
unsuitable to energy constraint of nodes because any



34 JOURNAL OF EMERGING TECHNOLOGIES IN WEB INTELLIGENCE, VOL. 6, NO. 1, FEBRUARY 2014

communication between two nodes must pass through the
base station. The second part needs additional memory
space to store authentication keys. In [17], the authors
propose LEAP (Localized Encryption and Authentication
Protocol); a key management protocol intended to
support a several communication patterns. In  this
protocol, each node stores four types of keys:
individual, pairwise, cluster, and group. An individual
key is a key shared between a node and the base station.
A pairwise key is shared between a node and each of its
neighbours.

A cluster key is a key shared between a node and all
neighbouring nodes. A group key is a key common to the
entire network. The individual key is preloaded. After
deployment, neighbouring nodes establish pairwise keys.
They authenticate themselves using a pre-deployed key
which is erased as soon as pairwise keys are established.
To establish cluster keys and the group key, nodes use
broadcasts and message relaying. The protocol uses 4
Tesla [16] to authenticate broadcasts.

Liu et al. propose in [18] LBKs (location-based keys)
that relies on location information to achieve key
management. The keys are established according to the
geographical location of sensor nodes. However,
knowing the geographical location of nodes is not
guaranteed with random deployment. Eschenauer and
Gligor [19] propose a scheme based on a random key pre-
distribution. In this scheme, each sensor randomly picks a
set of keys and their identifiers from a key pool before
deployment. Then, a shared-key discovery phase is
launched where two neighbours exchange and compare
list of identities of keys in their key chains. Basically,
each sensor node broadcasts one message and receives
one message from each node within its radio range where
messages carry key ID lists. So, any pair of nodes has a
certain probability to share at least one common key. The
challenge of this scheme is to find a good trade off
between the size of the key pool and the number of keys
stored by nodes to achieve the best probability. The main
drawback of this approach is that if the number of
compromised nodes increases, the fraction of affected
links also increases. Other solutions use the principle of
probabilistic key pre-distribution [21, 22] introduced in
[19], For example, the authors of [21] suppose that the
deployment area is a grid-based structure of #*n cells
called groups. Groups contain the same number of sensor
nodes. The protocol uses #*m key pools such that
neighbouring key pools have more keys in common.
Sensor nodes are deployed with the key pool that
corresponds to their group in the deployment area. After
deployment, nodes sharing keys can communicate
directly. Nodes that do not share keys must establish a
path key using their neighbours. In [20] the authors
propose to increase the amount of key overlap required
in the shared-key discovery phase. Their scheme called
Q-composite requires Q common keys to establish a link
key. Link between a pair of sensor nodes is set as a hash
of all common keys. The scheme improves resilience
because the probability that a link is com-promised, when
a sensor node is captured, decreases, but probability of
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key sharing also decreases because a pair of nodes has to
share @ keys instead of one.

Eltoweissy et al. [22] propose EBS (Exclusion-based
System), a dynamic key scheme that assigns each node k
keys from a key pool of size k + m. If node capture is
detected, rekeying occurs throughout the network.
However, the authors [22] did not indicate a method for
detecting a compromised node. More-over, even if a
small number of nodes in the network are compromised,
information in the entire network could be discovered as
well as in [13].

Section 4 summarizes the properties of these different
solutions together with the proposed one within a table.

In general, existing symmetric key management
solutions for WSNs focus particularly on the efficiency of
key establishment after the deployment of the network.
However, they do not deal with key refresh which makes
key management dynamic and adds a further difficulty to
the task of attackers. Furthermore, existing solutions
neglect the effect of captured node attacks.

We develop in this paper a key management
framework well adapted to WSNs challenges especially
scalability. We focus on establishing a key refresh
scheme with minimum costs that allows dealing with the
resistance against the hardest attack: node compromising.

IIT PDKR: A PROTOCOL DIAGRAM KEY RECOVERY
SOLUTION FOR WSNS

In this section, we describe a new key management
protocol for WSNs. Our main objective is to offer a
robust and simple security framework that meets the
resource constraints of sensor nodes. The main idea of
PDKR is to build a diagram in a secure manner and while
conserving energy after a random deployment of nodes.
Thereafter, this diagram is used for rekeying to save
communications. In fact, with a diagram only log,(n)
messages are necessary to rekey a network of m nodes.
We begin by presenting the assumptions and notations
used in the design of the solution, and then we give the
detailed algorithms.

3.1. Assumptions and Notation

Our solution relies on the following assumptions.
(i)The sensor network is static (nodes are not mobile).
(i1))The sensor nodes are homogeneous: the sensor nodes
are similar in their processing capacity, communication,
energy, and storage.

(ii1))The deployment is random: the neighbours of any
node are not known prior to deployment.

(iv)An attacker can listen to all traffic, reflect old
messages, or inject its own messages.

(v)The compromise of a node implies that all information
stored in its memory is known by the attacker.

(vi)The base station has no constraints on the capabilities
of computing, storage and cannot be compromised.
(vii)The communication channels are bidirectional; if a
node u can receive a message from nodev, then u can
send a message tov.

(viii))A base station which is generally the sink is
responsible for initiating the key management process.
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(ix)Each sensor node has a unique identifier.

Table 1 shows the notations that are used to write
algorithms in the remaining of the paper. Each sensor
node Z, including the base station, maintains the following
variables.

(i)Father; : the father of the sensor in the final recovery
diagram. The base station is the root of the diagram, so
Fathergg is set to null.

(ii)Level; : the level of the sensor in the diagram. The
level of the root is zero, that is Levelgs=0.

(iii)Sons; : a list containing the identifiers of the sons of
node i within the diagram.

(iv)Neighbours; : a list containing the identifiers of the
neighbours of node i. This list is maintained to cope with
node failure and node capture as described further in this
section.

TABLE 1.
NOTATION.
Notation Description
A 1" sensor node in the network. 5; denotes the (unique) identifier
of the sensor node
M The encryption of message M with key k.
S M A node S broadcasts the message M. any node in the radius of
perception of the BS receives the message M.
MAC: (M) The Message Authentication Code of the message M with the
symmetric key k.
Al B The concatenation of the information 4 with information B
N A nonce generated by node 5

The protocol uses the following types of messages.
(H{HELLO, Sender_ID, Sender_Level, MACy, (Sender
_ID, Sender Level, Sender Father)y,} : this message is
used to construct the recovery diagram. It is encrypted
with the pre-deployed key K,. Sender ID is the identifier
of the sensor node that sends the message. The
Sender_Level is the position of the node in the diagram.
So, the base station which is the root of diagram is at
position 0.

(2){REFRESH, BS, New_K,, Mal_List, MACygs, Si (BS,
new K,) }gps, Si :this message initiated by the base
station is used to update key K, which is shared by all the
sensor nodes. Mal List is a list of nodes that are
suspected to be malicious (captured nodes).
(3){REFRESH-REQ, S;, <Mal;p>k; ps}: this message is
sent by a sensor node to the base station to request a key
refresh. A node S; requests a key refresh when it suspects
a neighbour Mal ID to be captured.

(4){JOIN, S,, N,, MACk(S,, N,)}: this message is
used by a new node to join the network. S, is the
identifier of the new node and /V, is a nonce generated by
him.

(5){Join-Ack, S; Level; , N,, Ny MACy, (S, Level;,
N;) }x : this message is used by neighbouring nodes to
acknowledge the receipt of a Join request.

(6){Father, S,, S;, N; }x. this message is used by a new
node S, to inform surrounding nodes that its father in the
recovery diagram is node S;.

3.2. ALGORITHM

Each sensor node S;is launched with three keys: K; g,
Kps; and K,. K;ps and Kgg; are shared with the base
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station. They both serve to secure communications
between the sensor node S; and the base station. K;gs
serves to encrypt/decrypt messages sent by S; to the base
station while Kgs; serves to encrypt/decrypt messages
sent by the base station to S;. The aim of using two keys
is to make more difficult the task of a cryptanalysis
attacker. Key K, is shared by all nodes of the network;
this key 1is used to encrypt (decrypt) messages
immediately after deployment.

After deployment, each node copies its key K, in its
RAM (volatile memory) and removes it from its non-
volatile memory (EROM). If an attacker captures
(physical access) a node after deployment, he will not
have access to the key K, rapidly. The base station
initiates the construction of recovery diagram by
broadcasting a HELLO message as follows:

BS—> *: {HELLO, BS, 0,null, MAC,(BS,0,null) }x, (1)

The purpose of this message is to discover
neighbouring nodes of the base station. Upon receiving
the message for the first times each node §; set, its father
to BS and sets its level in the diagram to 1. Then, S;
broadcasts a similar message that is, S—*
BS—*:{HELLO,S;1,BS,MACk(S;1,BS) }x,, in its
neighbouring hood to allow other nodes to join the
diagram and so on until all the nodes join the diagram.
When receiving other HELLO messages, each node uses
them to set its list of sons in the diagram and computes
common keys with them or simply constructs its list of
neighbours. Algorithml describes the detailed actions
achieved by a sensor node when receiving a HELLO
message.

Algorithm 1

Recieve
{HELLO, Sender ID, Sender Level, MACk.(Sender
_ID,Sender_Level, Sender_Father) }x,

If the message is received for the first time Then
FATHER;= Sender ID; /* Father receives the
identifier of the sender. */
Level;:= Sender Level + 1;
If (Father;# BS) Then
/*Compute a common key with the father */
K, Sender node := Hy, (S; || Sender_node " Level) ;

/* if the father is the BS a shared key already exists.
Si—*. {HELLO, S, Level, Father; , MACk.(S; Level,
Father;) }x ;

m

If (Level; = Sender Level — 1) AND (Sender_Father = S;)
Then

Add the node Sender ID to the list of sons;

If S§;<>BSthen

Compute a shared key with the son Sender ID:

K sender 10 - = Hr(S; || Sender ID "Level,- +1);
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EndlF

Else

Add the node S; to the list of neighbours;
End IF

Figure 3 shows some steps of the construction of the
recovery diagram of the WSN depicted on Figure 1.
Figure 3(a) shows the first step where the neighbours of
the base station join the diagram. In Figure 3(b), we only
show the step during which neighbours of nodes S5 join
the diagram. Finally, the complete diagram is depicted in
Figure 3(c).
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Figure 3. Diagram construction.

3.3. Diagram Maintenance and Rekeying

Once the diagram is constructed, each node shares a
symmetric key with the base station, a symmetric key
with its father in the Diagram, and the key K, with the
whole network. A rekeying process is launched by the
base station periodically to refresh K, as follows.

(1)The BS sends to each son S; a Refresh message
encrypted with their common key Kgssi {REFRESH,BS,
New_K,, null, MACggs 5i (BS, new _K,) Jxps,i . Note that
in a periodic refresh Mal ID is set to null. However, if
the base station issues the REFRESH because of a
captured node attack, it includes the ID of this node in the
message.

(2)When a son node of the base station receives the
Refresh message, it updates key K, by new_K,, then it
forwards the Refresh message of the base station to its
own sons. The message is encrypted with the symmetric
key shared between father and son. So, the Refresh
message goes downward within the Diagram till reaching
all the sensor nodes. Thus, all sensor nodes get the new
global key.

A rekeying process may also be trigged if malicious/
captured nodes are detected in the network. Because they
are resource constrained, sensor nodes cannot implement
mechanisms for detecting malicious nodes. For example,

putting a sensor node in promiscuous mode is not feasible.

Detecting captured nodes is conceivable only if the
captured node issues attacks such as sending unnecessary
messages to its neighbours to cause energy depletion.
When a node S; suspects one of its neighbours, say S, to
be captured, two situations are possible.

()If the suspected node S, is the son of S;, node S;
ignores the messages of S, and removes it from the list
of sons. Then it generates a nonce /V; and sends
{REFRESH-REQ, S, <S,>yi.psito its father on the
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Diagram. This message goes upward until it reaches the
BS. This last broadcasts a refresh message {REFRESH,
BS, New_Kr, Sm, MACKgs, S,(BS, new _Kr)}KBS,Si in the
Diagram. With this message, K, is updated and all sensor
nodes are aware that S, is malicious.

(1)If the suspected node S, is the father of S, node S;
must first contact one of its neighbours in the list
neighbours; to find another father and by the way another
path to reach the base station. If it succeeds in this task, it
issues a REFRESH-REQ as in the precedent case.

In both cases, it is the base station that decides if it issues
a key refresh or not. We suppose that the base station has
more means and resources to detect malicious/captured
nodes. Captured nodes may also send REFRESH-REQ
messages only to consume energy and to evict honest
nodes from the network. If the base station detects this
behaviour, it may issue a REFRESH message that evicts
the node that sends the REFRESH-REQ from the
network.

Adding a new node S, is achieved as follows.

(1) 8, generates a nonce N, and broadcasts a join message
as follows: S,—*: {JOIN, S,, N,, MACk, (S,, N,)}k
The JOIN message is encrypted with the current value of
K, , the key shared by all the sensor nodes. So, the new
sensor node must be launched with this key at
deployment. Note here that deploying a new sensor must
be synchronized with the periodic rekeying process to
avoid deploying a new node with an obsolete key.
(2)When receiving the JOIN message, every node S; in
the transmission range of the new node generates a nonce
N; and responds with the following message:

{JOIN-Ack,S,Level;,N,,NyMAC.(S;,Level,N; }x. (2)

(3)The new node declares the source of the first received
message as a father and diffuses the following message:

{Father, S,, Sy N }x. (3)

(4)The father node adds the new son node in its sons list.
The surrounding nodes that heard the Father message
add the new node to their list of neighbours.

(5)The father and the son compute their shared keys.

A sensor node may fail or consume totally its energy. In
this case, nodes that are attached to him, especially its
sons, must search for another path to the base station. So,
they ask the nodes in their list of neighbours to take the
place of the failed father.

IV EVALUATION

4.1.Comparison with Some Existing Solutions

In this section, we evaluate the performance of our
solution and compare it with some existing ones. We use
the following metrics to achieve this evaluation.

(i))Memory complexity: memory needed to store keys.
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(ii)Communication Complexity: number of messages
exchanged for key management.

(iii)Key connectivity: the probability that two nodes (or
more) share a key.

(iv)Resilience against node capture: this metric
measures the impact of a node compromise on the
security of the rest of the network. We quantify this
metric with the three following values:

(a)Good resilience: the compromised node affects only
its neighbours (local influence),

(b)Weak resilience: the compromised node affects its
neighbours and also some non neighbouring nodes,
(c)Very weak resilience: if the compromise of one node
leads to compromise the whole network.

(v)Scalability: this metric measures the flexibility of the
protocol with the size of the network. In other words, the
metric shows how the cost of the protocol, that is
memory and message overhead, varies when the network
becomes larger. Scalability is a very imp-ortant metric to
consider when distributed algorithms are proposed,
especially for dense WSNs. To quantify scalability, we
use the following values:

(a)Very good: the protocol does not induce further costs
when the number of nodes in the network increases,
(b)Good: the protocol induces reasonable costs when the
number of nodes increases,

(c)Medium: the cost of the protocol depends on the
number of nodes.

Table 2 presents the results of com-paring key
management protocols described in Section 2 with the
pro-posed solution. The different notations used in the
table are described in Section 2. In the proposed
scheme, a node needs to store initially three keys before
deployment. After deployment, each node computes a
number of keys that is the function of the number of its
neighbours. If a node §; has d neighbours, where d’ are
sons, the set of keys stored by the node S§; is two keys
(with the base station) + one key (shared by the whole
network) +d’ keys. The memory complexity of our

solution is acceptable for nowadays sensors.
TABLE 2.
COMPARISON WITH SOME EXISTING SOLUTION.
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The analysis of the communication complexity for the
construction of Diagram is measured by the number of
messages received and issued by each node. Each node
sends a message and receives d messages from its
neighbours, that is, d + I message by each node. Our
solution has a low-complexity communication over other
proposed solutions [11, 4-8], moreover, it is deterministic;
key connectivity is equal to one (no concept of
probability).

Preserving energy in WSNs is very important and
having a low communication complexity means that the
solution minimizes energy.

4.2. Simulation Results

To validate the results presented by table 2, we also
measured the performance of our protocol by simulation.
In this section, we provide an overview of our simulation
model and some of the results we obtained. We
implemented our scheme within the MATLAB
framework (MATLAB for Matrix Laboratory is a matrix-
based system for scientific and engineering calculation).
We considered WSNs with 500 sensor nodes deployed
randomly in an area of 250 * 250 meters square. Each
sensor node has a signal range of 15 meters.

We first focused on evaluating the average number of
messages received by a sensor node after a random
deployment. This number of messages is equal to the
number of neighbours of the sensor node as explained
earlier. Multiple runs were conducted. Each run
corresponds to a particular random deployment of the 500
identified sensor nodes. During each run, we measured
the number of neighbours of each sensor node. We to-ok
the average of the values registered at the level of each
sensor node. Figure 4 illustrates the obtained results. It
appears that our random deployments generate an average
number of neighbours at most equal to 12. If the value of
energy consumed by each type of message is known, we
can compute the total energy consumed during Diagram
construction.
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Figure 4 Average numbers of messages for each node in a network of
500 sensor nodes.

We then considered the resilience of our scheme to
node capture. We compute the resilience to node capture
by the fraction of total communication links that are
compromised by the capture of x nodes. We assume that
sensor nodes are randomly captured by an attacker.
Figure 5 presents the obtained results. It shows that for a
network of 500 sensor nodes, an attacker must capture at
least 100 sensor nodes to reach all communications in the
network. This corresponds to 20% of nodes in the
network.
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Figure 5. Percentage of corrupted links versus number of captured
nodes.

We also carried out multiple experiments on networks
of size ranging from 500 to 1000 nodes. In each
experiment we computed the maximum number of
messages that can be received by a node. We took the
average number of this value for each network size.
Figure 6 summarizes these results. It shows how the
number of messages received by a sensor node evolves
when the size of the network becomes larger. The curve
is almost logarithmic which is very acceptable.

Maximum number of messages

ES0 600 850 70O ¥50 800 550 S00 850 1600

'%n/
Network size

Figure 6. Maximum number of messages received by a node versus
network size.

4.3. Security Analysis

In this section, we analyze the security of our solution.
As mentioned in the assumptions (cf. Section 3.1), the
base station will not be compromised. An outsider
attacker, who does not know the key K,, cannot discover
the meaning of messages diffused by nodes after
deployment. Nevertheless, an attacker can compromise
one or more nodes, so he becomes an insider attacker.
The keys of the compromised node can be used for
forging wrong messages (reading message, for example,)
and also consume nodes' energy by sending useless
messages to his sons and father. If the base station can
detect an abnormal behaviour of a node, it can lunch a
rekeying to refresh K, and revoke this node. In the
following, we analyze the behaviour of our solution for
three types of attack.

(1)HELLO flood attack: in our proposal, nodes discover
their neighbours by sending a HELLO message
encrypted with the key K,. An attacker without knowing
the key K, could not launch a HELLO Flood attack.
(2)Sybil attack: in the algorithm, an MAC of the node's
identifier, its level, and its father's identifier is calculated
to authenticate the sender and the receiver. Therefore, a
node cannot play a role of other nodes.

(3)Node capture attack: when a node is captured, this
does not affect its neighbours. In fact, after a node is
captured, what can an attacker do? Since he has the key
shared with the base station, he may send wrong
information (lectures) to that base station. The latter may
have a mechanism to verify the behaviour of sender
nodes. The attacker also has access to the keys of the sons
of the victim enabling it thereafter to send unnecessary
messages to these sons in order to consume their energy
and cause battery depletion. Nodes that detect these
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useless messages can suspect the captured node and
inform the base station with a REFRESH-REQ message.

V CONCLUSION

Security is a necessity for most applications using
WSNs, especially if the sensor nodes are deployed in
unsafe areas, such as battlefields, strategic places
(airports, critical buildings ... ). These sensor nodes
operating in difficult access places, without protection
and without possibility of recharging their batteries, may
be subject to disruptive and malicious actions. Therefore,
it is important to provide to them an acceptable security
level. The primary objective of WSN nodes is to collect
data and transmit them to a decision center. So, this must
be done in a trustworthy and safe way. In this paper, we
presented a key management solution to WSN that deals
with one of the hardest attack: node capture. The main
idea of the solution is to quickly and cheaply build a
recovery diagram that serves to refresh the shared key
with minimum costs. The solution is scalable and uses
little memory.

As a perspective of our present work, we plan to use
the NS3 simulator to compare the performance of our
solution with other solutions from the literature and
particularly those of [6-7-8]. We also work on energy
and a mobile version of our scheme.
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Abstract—The wireless sensor networks (WSN) are
composed by a large number of micro sensors that are
randomly deployed in an area of interest to supervise or
monitor various phenomena (temperature, pressure,
humidity ..). The wireless sensor nodes are typically
powered by non-rechargeable batteries which makes them
constrained in terms of energy. As communication energy
represents the largest part of the energy consumed in sensor
nodes [1], so energy efficient routing is one of the main
issuesto prolong lifetime of wireless sensor s networks.

This paper proposes a hierarchical routing protocol
called MGI-LEACH for homogeneous wireless sensor
networks based upon the framework of LEACH such as
the network is divided into multi groups to prevent the
concentration of cluster head in a particular area of the
network, and the cluster head selection is based on high
residual energy and a short distance from the base station
(BS) in each communication round, which minimizes the
communication energy of wireless sensor nodes, and hence,
increases lifetime of the whole network.

Simulations using MATLAB software show improved
lifetime in different levels of Grouping compared to the
classical algorithm LEACH.

General Terms—Algorithms.

Index Terms—W.ireless Sensor Networks, Network Lifetime,
Sensor Node, grouping .

I INTRODUCTION

A wireless sensor network is composed by a large
number of micro sensors called nodes communicating
with each other through radio links independently and
randomly distributed over an area of interest. Sensors are
powered by batteries, which is impossible to get
recharged after deployment. As a large part of energy is
consumed when communications are established, so it is
imperative to develop an energy efficient routing protocol,
taking into account the constraints by these sensors.
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In flat routing, when the number of nodes increases,
the traffic control dominates real communication. This
increases the latency and overload routing tables. To
overcome these limitations, hierarchical routing protocols
have been introduced. These protocols allow the
reduction of the number of messages transmitted, thus
reducing energy consumption of sensor nodes.
Furthermore, the transmission of data to BS via a single
hop becomes impossible when the size of the network
increases. To remedy this problem, the multi-hop routing
is the mode of communication adopted to transmit data to
the BS.

In this paper, we propose an energy efficient routing
protocol based on the principle of clustering algorithm.
We have modified the LEACH(Low-Energy Adaptive
Clustering Hierarchy protocol as the CH selection is
done by the predictive energy and the smallest path to BS.

The remainder of the paper is structured as follows:
Section 2 describes The Sensor Node. In section 3 We
propose an overview of LEACH protocol’s. Section 4
describes problem statement, section 5 describes The
Proposed Routing Protocol Algorithm. Simulation Setup
and Scenarios and Simulation Results are interpreted in
section 6 and 7. We draw the conclusion in Section 8.

II THE SENSOR NODE

2.1 Sensor Node Architecture

Principally a wireless sensor node consists of four

basic units [2] (See Figure 1):

e  Acquisition Unit: converts a physical signal into an
electrical one.

e Processing Unit: responsible for all arithmetic
operations and storage.

e Communication Unit: consists of a transmitter /
receiver for communication between network nodes
using a radio channel .
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e Power supply unit (battery): it powers the units that
we have mentioned and it is generally not
rechargeable or replaceable.

L L

Fig 1: The components of sensor node
Based on the architecture above, the energy consumed
by a sensor node is mainly due to the communication unit,
it represents the greatest portion of the energy consumed
by a sensor node .

III OVERVIEW OF LEACH PROTOCOL’S

We start by giving an overview of LEACH protocol’s
which partitioned the network into groups (clusters).
Nodes transmit their data to representatives of groups
called cluster heads (CH), which in turn send the data
after processing and aggregation to the desired
destination or base station (See Figure 2).

Fig 2: Clustering nodes in LEACH protocol’s

@ Cluster Head

@ Cluster Member

In LEACH, the nodes self-elect to be CHs. They are
based on the desired percentage of CHs and the number
of rounds during which a node took the role of CH. Thus,
a node n takes a random value between 0 and 1. If this
value is less than the threshold T (n), the node becomes
CH. The CHs inform their neighbors of their election.
Each normal node decides to join the nearest CH[7].

P :
T(n) = {1—P*(r*mod 1/P) si(n € G) (01)
0, sinon
Where :
P : The percentage of the cluster head nodes in all

nodes.

r : The number of rounds.

G : The collections of the nodes that have not yet been
head nodes in the first 1/P round.

©2014 ACADEMY PUBLISHER

The optimal number of clusters is in general 5%.

3.1 Advantages

. Self-cluster configuration is independent of the
BS (distributed algorithm).

. The data are aggregated to reduce the amount of

information transmitted to the BS.
Energy consumption is shared across all nodes,
thus extending the lifetime of the network.

3.2 Disadvantages

. The further away from the BS, CHs die more
quickly than those that are close to the BS.
. Without justifying their choice, the authors fix

the optimal percentage of CHs for the network
to 5% of the total number of nodes. However,
the topology, the density and the number of
nodes may be different in other networks.

. The use of probabilistic model to select CHs can
generate CHs too close in an area of the network.
. The remaining energy and distance of nodes are

not taken into account when electing CHs, it can
give the CH role to node with discharged battery.

IV PROBLEM STATEMENT

The radio energy dissipation model used in our
protocol (See Figure 3) is called first order radio model
[3]. Each sensor node consists of a transmitter and
receiver electronics. Energy is dissipated when nodes
transmit or receive data.

Transmitter

E_tx(k,d)
k-bit packet

=2 Transmit Electronics =2 Tx Amplifier
E_elec*k E_amp*d**k

Receiver

; E_rx(k)
k-bit packet
46— Receiver Electronics =
E_elec*k

Fig 3: Radio energy dissipation model

The node radio will consume the following E Tx
amount of energy to transmit a k-bits packet over distance
d [4]:

Eejec * Kk + Egg * d? x k
ETX(k’d):{E * K 4+ Egmp * d? * kK
elec amp
(02)

And E_;4 amount of energy to receive this k-bits packet:

if d< d,
if d> d,

E_rx (k)= Eelec * k (03)
Where ,
E_tx (k,d) : energy dissipated per bit at transmitter;
E_rx (k) : energy dissipated per bit at receiver;

Efs, Emp : amplifier parameters of transmission
respectively in free space (with d2 power loss)
and multi-path fading (with d4 power loss)
channel models;
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Edec : Energy dissipation to run the radio ;

k : number of transmitted data bits;

d . distance from a sender node to a receiver
node or BS.

do : is the threshold distance between multi-path

fading model and the free-space model.

Efs
do- /a
Considering a wireless sensor network that is composed
of N nodes randomly deployed over a square

area M * M.
We will calculate the total energy consumed during one

round of LEACH routing protocol :

(04)

Eround = Xi=1(Ecyi) + zyzf(ENCHj) (05)

where Ecy; is the consumed energy when CH of the
cluster labelled i, receives, aggregates, and
transmits data to the base station. Whereas Ency;
is the consumed energy by a non CH labelled j,
and L is the total number of cluster heads.

the Ecp; is defined by:

Ecui= Echtos i +ERecepti +EAggregi (06)
Where,

ECHtoBS i:k~ Eelec +k. Emp«d4toBSi (07)
ERecepti =ISi|.k. Eeec (08)
EAggregi =ISil.k. Epa (09)

With :

. EchioBsi IS the energy required for the cluster

head of the cluster labeled i to transmit its data
to the base station.

. ERecepti 18 the total energy consumed when the
cluster head of the cluster i receives data from its
cluster member.

. Epggregi 18 the total energy needed, by the CH of
the cluster i, to process data.
. |Sijis the cardinal of the set enclosing nodes of

the cluster labeled k.

Hence,

L

Z%:l(ECHi):Zi 1(ECHtoBSi +ERecepti + EAggregi)
=Lk. Egec = Lk Epp d'eps +Nk Eglec
+N.k. Epa (10)

in the same way the Encpj is defined by:

there are N-L nodes non CHs, assume that I number of
the latter work on multi-path fading mode while
the others operate on the free space mode.

N-L
Z]'=1 (ENCHj) =(N-L).k. Egjec +(Z%:1 d4l)k Emp
+HET &)k Eg (11)

where d; <d, and d; > d
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Eroung is minimal if the following term :
L. Emp.dhoss #(Zhey d%). Emp HENLT d%). B )
(13)

is minimal. However, it is known that the amplifier
energy in a multipath fading channel model is
greater than the amplifier one in a free space
model (i.e dj<d<d; and Eg < Epp )

thus, to minimize the formula given in equation (13), all
non CH nodes must operate in a free space
model, it means direct communication between
CHs and Cluster members .

And to minimize the term Lk. Ep, .d%eps, the
communication between cluster heads and the
base station must be in multi-hop routing, thus
multi hops-LEACH protocols is adapted.

V THE PROPOSED ROUTING PROTOCOL ALGORITHM

To overcome the constraints of LEACH protocols, we
propose a new routing protocol called MGI-LEACH
which consists, to partition the network into several equal
areas A=A1+A2+A3....AN.

Deployed nodes are divided into sub groups
(G1+G2+G3....GN ) in which the modified LEACH
protocol is applied. Number of groups mainly depends
upon nodes density. These groups are created by the BS
at the time of deployment.

The CHs selection in each group Gi is based on the
selection of the cluster head with a high residual energy
and a short distance from the base station in each
communication round [5] .

In our protocol MGI-LEACH the threshold T(n) of
LEACH protocol becomes :

£ (cur). [ﬁ +p.h(Dyops)], 1 € Gi

T(n) =
0, né& Gi
(14)
With :
fleur) = 5— (15)
h(Dyops) = —max—P) (16)

Dmax—Dmin
where ,

Eor : the current energy of node.

Eae : the average remaining energy of all nodes in the
current round.

Dmax: Dmin :present the maximum and minimum of the
distance between all nodes and the base station
respectively.

f(cur ) : function which measures the current residual
energy of the node.

h(Dyogs) : function which measures the distance between
elected node and base station.

With this new threshold formula T(n) advantage is given
to nodes that have a large amount of residual
energy and close to the base station to be cluster
head.
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After the cluster head formation, normal nodes should
optimize their choice to join optimal cluster head
based on the cost function, this is done as
follows :

. If the node is closest to the base station, no
optimal cluster-head will be selected and it will

directly send its data packages to the base station.

. Otherwise, the non-cluster head node chooses
the optimal one among the candidate cluster-
heads according to the cost function.

. the cluster head whose cost function is minimal,
will be chosen as the optimal cluster-head.

The cost function of the normal node ni joins in the
cluster with the cluster-head cj. This can be
shown as:

; Ecur@y Dy (17)

dmax Ecu‘r(}) Dave

cost(i,j) =

Where ,

d;j :the distance from the node ni to cluster-head cj.

dmax:the maximum of the distances from ni to the
candidate cluster-heads.

Eeur (1), Ecur( j) : the current residual energy of node ni
and cluster-head cj .

Dyj): the distance from cluster-head cj to the BS.

Dave : the average distance between cluster-heads and the
BS.

VI SIMULATION SETUP AND SCENARIOS

This paper uses Matlab7.14 as a simulation platform to
emulate 200 immobile sensor nodes randomly deployed
in 200m x 200m square area, the BS is fixed and located
at (0,0) position. The coordinates of X and Y are
measured in meters.

6.1 Smulation Parameters

Simulation scenarios in this paper are:

1. Sensor nodes are randomly distributed in a
square region;

2. The energy of nodes which is limited, may be
homogeneous. The nodes location is fixed after
deployment;

3. Nodes communicate with base station via
single-hop or multi-hops.

4. Sensor nodes are equipped with GPS to make

them aware of their location.

TABLE 1.
SIMULATION ENVIRONMENT PARAMETERS

Parameter Quantity
Nodes number 200
Rounds number 600
Node initial energy 2 joules
Packet size (k) 100 byte
Rounds number 200
BS location (0,0)
Eelec 50 nl/bit
Epa 5nJ/bit
Eg 10 nJ/bit/m?
E mp 0.0013pJ/bit/m*
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6.2 Smulation Scenarios

We propose to compare our proposed method MGI-
LEACH to the classical algorithm LEACH with the same
simulation parameters mentioned in Table 1. With which
our method is tested for three levels of grouping (one,
two and three group formation) (See Figure. 4 to 6).
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Fig 6 : Three groups formation

Using simulation parameters mentioned in Table 1,
using the first order model equation of energy dissipation
in sensor nodes, and applying the criteria to select the
cluster heads and cluster formation to evaluate both MGI-
LEACH and LEACH algorithms for one, two and three
group formation. The cluster head(s) formed aggregates
the data received from normal nodes and transmits them
to the next hop cluster head closer to the BS or to the BS
depending on the cluster formation and the shortest
distance between the cluster head and the BS. At every
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transmission or reception made, energy reduction occurs
for every node, thereby cluster head rotation is utilized to
extend the lifetime of the WSN.

VII SIMULATION RESULTS

It can be proved that the proposed MGI-LEACH
routing technique offers good results when compared to
the classical LEACH. We investigated the advantage of
the proposed technique by comparing the time in which
the first node dies during the 600 rounds of simulation
(network lifetime) to that of LEACH routing technique.

The network lifetime is shown in Figure 7. We
observed that the first node dies faster in LEACH since
all nodes tend to send captured data via their selected
cluster head per round to the BS.

From Figure 7, we observe that the LEACH technique
had an estimated lifetime of 20 rounds, MGI-LEACH for
one group formation had an estimated lifetime of 80
rounds, MGI-LEACH for two group simulation had an
estimated lifetime of 100 rounds and MGI-LEACH for
three group simulation had an estimated lifetime of 150
rounds. The progressive increase of network lifetime
employed by our proposed technique offers efficient
energy usage for each node in the entire network.

The impressive increment in lifetime of the network
from our proposed hierarchical technique is seen as a
result of efficient routing decision and optimization of
energy in cluster head selection of each cluster formed.

Graph llustrating the Network Life Time

AT Y.~

——— MGI-LEACH for three group formation |
. | NGILEACH fir tvo group formation |

NGILEACH one group formation |

o — - I LEACH;

Number of Alive Nodes

L Lj
500 600

i
400

Numhcrlolt Rounds

Fig 7: Network lifetime graph (number of alive nodes for a particular
round of simulation) in one, two & three group formation
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VIII CONCLUSION

In this paper we have proposed MGI-LEACH, an
energy efficient routing technique for homogeneous
wireless sensors based on LEACH technique. In which
the network is partitioned into small equal areas to avoid
the concentration of cluster heads in particular parts of
the network. The cluster head selection is based on the
residual energy prediction, for each sensor node and the
shortest distance from sensor node to base station, this is
the role of threshold T (n). Normal nodes choose their
optimal cluster head in terms of energy using cost
function. The simulation part indicates by comparing the
time in which the first node dies, the MGI-LEACH
performance is better than that of the classical LEACH.
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Abstract—This article describes in the first, the design of a
new microstrip patch antenna for WIFI/WLAN applications
(IEEE 802.11 b/g/n). Secondly, the article presents the effect
of electromagnetic waves on a model of the human head
exposed to the antenna designed in the ISM2450 band. By
adopting a model tissue to seven layers of an adult. The
objective is to evaluate the specific absorption rate (SAR)
due to the propagation of electromagnetic waves along a
human head for different antenna-head distances in
simulation anatomic based model of the human head at a
frequency of 2450MHz.

All results, reflection coefficient, VSWR, radiation
pattern, SAR and field distributions are presented. The
simulation analysis was performed using the HFSS software.

Index Terms—WIFI/WLAN, microstrip patch, SAR, human
head, HFSS.

I INTRODUCTION

The recent advances in wireless communication
systems, such as wireless local area networks (WLAN),
wireless local loop (WLL), Broadband systems 3G etc,
have induced a great interest in microstrip antennas.
These have grown tremendously in recent years due to
their ability to respond to the particular constraints of size,
weight and especially cost imposed by the emerging
mobile systems [1]. Future wireless systems will provide
various services including the technology develops very
quickly. A wireless communication technology has been
an important topic for the telecommunication system
because of its low cost and high opportunity. These
systems specify the frequency range of 2.4 GHz to 2.5
GHz, which operate in the ISM band [2].The ISM
(Industrial, Scientific and Medical) bands are frequencies
that can be used for domestic or industrial scientists like
medical applications, with the exception of radio
applications, without requesting permission from the
authorities. Frequency bands and possible limits emission
levels are defined by the FCC Part 18. The ISM
frequency bands [3] assigned for multiple-user
applications are suitable for, and expected for, the
wireless LAN applications. The applications typically
support a limited number of users in an indoor area. Thus
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the users are unconsciously exposed to EM waves which
directly come from antennas or which are reflected and
scattered from objects existing in the area [4]. The
applications in these frequency bands also include
portable telephones, microwave ovens, and so forth.

This development raises questions safety of new
technologies. There has been an increasing public
concern about possible health hazards due to exposure to
EM waves. Accordingly, many international protection
organizations and regulatory agencies have proposed the
safety standards for exposure to EM waves [5-6]. These
standards are based on the SAR, which is a measure of
the EM power absorbed in the tissue. The advantages of
analyzing specific absorption rate generated by cellular
phones inside a human head are among others [7], as
follows; verification of the compliance of phones with
standards, electromagnetic  solver, experimentally
validated, gives not only reliable values of specific
absorption rate but also locations inside a head [8], high
resolution in field evaluation could be of interest, as input
data for the analysis of athermal effects. Several methods
have been used to study the effect of an antenna radiator
on a human head such as homogenous or multilayered
concentric spheres, multilayered planar model [9].

In this work, we propose to study and design a new
microstrip patch antenna operating in the ISM band with
a resonant frequency of 2450MHz. We will proceed by
following an evaluation of specific absorption rate in the
human head in a heterogeneous spherical model consists
of seven layers for antenna designed. Thus, the effects of
operating frequency (2450MHz) and gap distances
between the antenna and the human head on distributions
of SAR within the human head are systematically
investigated.

II ANTENNA GEOMETRY

Figure 2 illustrates the top, bottom and side views of
the geometry of the antenna studied. The antenna is
simulated on an FR4 epoxy substrate of 60 x70 mm’
with a dielectric constant £~4.4. The thickness of the
substrate is H=1.58 mm. A rectangular patch including
technical slots with different dimensions shown in Table
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1. The antenna is fed by a microstrip line in order to
increase the bandwidth and gain.

TABLE 1:
SPECIFICATIONS OF THE PROPOSED ANTENNA
ELEMENTS DIMENSIONS
Patch W,=28.2mm 3 L=
36.7mm

Microstrip line
Ground plane

Wy=lmm 5 Ly=25mm
Ws=18mm ; Lg=60mm

Fig 1: Ansoft HFSS generated antenna model
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Fig 2: Geometry of the proposed antenna. (a) Top view, (b) Bottom
view, (c) Side view

III RESULTS AND DISCUSSION

Figure 3 shows the different values of the reflection
coefficient obtained.
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Fig 3: Reflection coefficient of the proposed antenna

It was found that the antenna resonates in the desired
frequency band as shown in Figure 3. Indeed, for |S;;| <-
10 dB: band ranges from 2.39 to 2.5GHz with a resonant
frequency 2.45GHz. The bandwidth is 110MHz (4.49%)
which is used for WLAN applications namely the ISM
band used by BLUETOOTH (2.4GHz-2.485GHz) and
wireless systems (2.4GHz for 802.11b and 802.11g).
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Also, the band is sufficient for the intended width by the
IEEE specifications which is 83.5MHz.
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Fig 4: The VSWR of studied antenna
The variation of VSWR with frequency shows that it is
less than 2dB for the resonance frequency which is
2.45GHz, as illustrated in Figure 4. A bandwidth equal to
110 MHz which is 4.49% from the center frequency.
According to IEEE specifications, the width of the
WLAN band represents 3.4% around 2.45 GHz. Our case
is sufficient for this bandwidth and allows us to cover the
ISM band.
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Fig 5: (a) 3D-Gain Total, (b) 2D Radiation Pattern

The radiation pattern of the antenna characterizes the
variation of the radiated power over long distances in
different directions in space. The radiation patterns of the
antenna studied are shown in Figure 5. They are almost
omnidirectional allowing use of this antenna for
applications in the ISM2450 band and specifically for
WIFL
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IV DOSIMETRY

4.1 Methods and Model

When electromagnetic waves propagate through the
human tissues, the energy of electromagnetic waves is
absorbed by the tissues. Interaction of electromagnetic
fields with biological tissues can be defined in term of
specific absorption rate (SAR). The specific absorption
rate (SAR) is an index that measures the level of radio
frequency electromagnetic field in the human head, as
emitted by the mobile phone when operating at full
power, in the worst conditions. Its unit is watts per
kilogram (W/kg). Governments have put standards for the
maximum SAR that should not be exceeded to avoid
health hazards. This maximum is set to 1.6W/kg averaged
over lg of tissue, or 2W/kg averaged over 10g of tissue,
in USA and Europe [10], respectively. The specific
absorption rate is described by the following equation:

1.9 g2
DAS = p|E| 6))

Where o is electric conductivity (S/m) and p is the
tissue density (kg/m’). SAR is calculated as a function of
position from the estimates of local fields and tissues
properties.

In this study, we will evaluate the effects induced by
the WIFI antenna located on human head side with
different distances are considered as a source of radiating
near field for the model of the human head

The figure 6 (a) shows the spherical model of the
human head and the antenna position. This model
consists of seven layers, as is shown in figure 6 (b),
which are the skin, fat, muscle, skull, dura, CSF
(cerebrospinal fluid) and brain. The dimensions we have
chosen are as follows: for the sphere, we took a radius of
90 mm, skin thickness 2mm, fat 1 mm, 4 mm for muscle,
skull 10mm, 1mm Dura, 2mm CSF and the last layer is
the brain.

I paich anienna
5

Gap dislance:
D D Yimm P

(a) (b)
Fig 6: The Model of a human head. (a) Cross section human head model
with patch antenna. (b) Model composed of seven layers.

The propagation depends on the dielectric properties of
the layer, density and wavelength. Table 2 gives the
values of these properties for the 2450MHz frequency

[11].

MUSCLE 53.64 1.77 1040
SKULL 15.01 0.57 1850
DURA 42.03 1.66 1030

CSF 66.24 3.45 1030
BRAIN 42.61 1.48 1030

TABLE 2:
THE PROPERTIES OF THE MATERIALS USED IN THE SIMULATIONS AT
2450MHz
Type of 2450MHz
tissue & 6 (S/m) p (kg/m®)
SKIN 42.85 1.59 1100
FAT 10.82 0.26 1100
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4.2 Specific Absorption Rate

The figure 7 shows the results obtained from the flow
of local and average specific absorption on the spherical
seven layer model with three different distances between
the human head and antenna 2mm, 10 mm and 20 mm at
2450 MHz and a power of 100mW.
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Fig 7: SAR variation at different distances WIFI antenna-head. (a)Local
SAR, (b)Average SAR

The results allowed us to conclude that more than the
antenna is closer to the human head, more than the SAR
reached high values and vice versa. Thus, from Figure 7
the penetration of specific absorption rate in tissues and
for different distances does not exceed the standards set
by IEEE and FCC namely 1.6W/kg.

At layers, we note that the SAR has three peaks
respectively located in the skin, muscle and CSF, which
is mainly due to their relatively high dielectric properties.
This allows us to say that these layers protect the brain
because it absorbs a small radiation.
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=

Fig 8-a: E_field and H_field at 2mm

Fig 8-b: E_field and H_field at 10mm

Figure 8 shows the distribution of the fields E and H of
the head model to seven layers with an antenna head
distance of the order of 2 and 10mm. Note that the field is
decreasing with distance and that these values are very
important in the nearest antenna tissues.

V CONCLUSION

In this work we present in the first part a novel design
of a miniature microstrip patch antenna. Light weight,
low-cost, plain configuration are the advantages of this
structure. Bandwidth enhancement has been improved by
suitably cutting slots into rectangular patch which
allowed us to cover ISM2450 band. The second area
includes a study of the effects of electromagnetic waves
on a model of the human head exposed to antenna for the
wireless frequency at 2450MHz. This study shows that
our patch antenna meets the standards when placed at
various distances antenna-model human head at an
incident power of 100mW. The numerical simulations
shows several important features of the energy absorption
in the human head and demonstrate that our patch
antenna exhibits good electrical performance and thus can
be considered as a suitable candidate for various
applications in ISM-band (IEEE 802.11 b/ g/ n).
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Abstract—These paper presents a new 3X3 array design
using a microstrip patch array antenna to operate at
2.45GHz. The aim of this antenna array construction is to
obtain high directivity. The element of the array is
microstrip square patch antenna using V-shaped
symmetric-slit along with rectangular slot in diagonal
direction at the centre of square patch radiator to achieve
the circularly polarized radiation and each element is fed by
inset feed. The size and feed position of the single microstrip
square patch is determined through the theoretical design
and CST microwave studio software simulation. Based on
which an array of six elements with equal sizes and equal
spacing is designed on a planar substrate. The simulation
results in this paper can be used as design reference for the
practical design of the rectenna.

Index Terms—Array antenna, microstrip antenna, rectenna,
slit-slot, V shaped, square patch, feed, circular polarization.

I INTRODUCTION

The rectifying antenna (rectenna) is an important
component in wireless power transmission (WPT) system
[1] Its antenna receives a wireless signal and then its
rectifying circuit converts that AC energy into DC power.
Most rectenna elements and rectenna arrays are
developed for frequencies below 15GHz. Rectennas
operating at millimetre-wave frequencies have the
advantages of compact size and higher overall system
efficiency for long distance transmission [2].

The antenna plays a significant role in the overall
rectenna performance. It is one of the critical components
needed to realize the desired high efficiency for different
operating frequencies and for different input powers. For
any WPT system high conversion efficiency is required.

There have been many rectennas reported,including

different operating frequencies and different input powers.

For example, a compact 5.8 GHz rectenna,which used a
stepped-impedance dipole antenna, was presented in [3]
with a high conversion efficiency of 82%.A 35 GHz
rectenna array was reported in[4] that achieved a 35%
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efficiency when the input power density was 30
mW/cm2.Broad-band (2-18 GHz) rectenna arrays that
recycle ambient microwave energy were presented in
[5].A 2.45 GHz hybrid sensitive rectenna system that
used zero-bias microwave Schottky diodes,was reported
in [6].

Components for microwave-power transmission have
traditionally been focused at 2.45 GHz considering that
the frequencies below 3 GHz are not strongly attenuated
by the atmosphere even under a severe weather condition
[7] 2.45 GHz is thought of as a proper frequency for the
application of power transmission between ground-to-
ground, ground-to-space, and space-to-ground. However,
for the space-to-space application the operating frequency
can be increased to allow power transmission over much
longer distances with the smaller antenna and rectenna.

Several antennas for CP radiation have been designed
over the last few years using a circular ring, e.g., with
stripline hybrid coupler feed at 2.45 GHz [8], with
microstrip feed at 1.5GHz [9], and with coplanar
waveguide and coaxial line feed at 2.45 GHz [10]. To the
best of our knowledge, few rectenna for CP radiation
have been proposed so far [11], [12]. Furthermore, these
rectennas are intended for the operation at relatively high
power densities. An annular ring-slot rectenna designed
for low power densities and operating at 5.2 GHz was
introduced in [13].

This paper presents a study of a 3X3 square patch
antenna array with circular polarization and a V-shaped
slot,designed as an RF receiver using CST microwave
software. In this study, the design of the square antenna
array was chosen because of its relevance in terms of
power, size and directivity. The parameters discussed as
follows include return loss, voltage standing wave ratio
and radiation pattern.
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Incident Microwave Power Density

Ingut itcing Outpat Load
(et Meching Circut {load)

////

DC Power Delivered to the Load
Figure 1. The Block diagram of the rectenna.

II DESIGN PROCEDURES

The antenna element is a square with an inclined slot
in the center and V shaped slot at the corner. The slot
technique is a way to obtain a circularly polarization. The
antenna is feeding by a microstrip line having a
characteristic impedance of 100€2, this antenna was
mounted on a FR4 substrate. The antenna dimensions are
presented in Figure.2.

- 60mm -

26.625mm

30mm

0.704mm

Smm:.

Figure.2: The square antenna structure

IIT RESULTS AND DISCUSSION

3.1 Return Loss

The antenna is optimized and simulated by using CST
Microwave Studio. The optimization was focused on the
matching impedance and the slot dimensions. The

substrate used in this conception is the FR4 substrate with:

. the relative permittivity &, = 4.4,
. the thickness h=1.58mm
. and the dielectric loss tan(d) = 0.001 .

As shown in Fig.3, the S11 is equal to -21.52dB for the
operating frequency 2.45 GHz which means good
matching input impedance.
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S-Parameter Magnitude in &8

5 R T e ‘ 51,0 21090406 || ‘ st
R T s oy
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23 23 LA 23 238 24 242 24 246 248 23

Frequency / GHz
Figure .3: return loss vs frequency

3.2 Voltage Sanding Wave Ratio

Fig. 4 shows the VSWR obtained, for 2.45 GHz it is
1.17, which is within the recommended range. The result
obtained indicates that the transmitter and antenna is well
matched. Maximum possible amount of energy is
absorbed at the input terminal with a minimum reflected

power.
Voltage Standing Wave Ratio (VSWR )
110 T T T
100 A

L fvswRi 1749124 ViR
i

AN

2 205 21 215 2.2 225 23 235 24 245 25
Frequency / GHz

Figure.4: VSWR vs frequency
The Smith chart shown in Fig.5 indicates that the
connection is well matched.

S-Parameter Srmith Chart

O 2 (4.09,-858) Chm
® 25 (477, 66.2) Chm
Frequency f GHz

$1,1 (1125 Ohm)

Figure.5: S (11) Smith chart

3.3 Radiation Pattern

Fig.6 presents the 3D radiation pattern with the
structure below at 2.45 GHz. Fig.7 shows the polar view
directivity of radiation pattern for simulation square patch
antenna. The radiation pattern in the angular width (3dB)
for theta component is 99.7° and main lobe direction is
about 2.0 °.
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TABEL.1:
ARRAY PHYSICAL DIMENSIONS

dBi
6.09

4.98

i Parameters | W W, Wi=W, | Wy We Wi
1.66
o Value(mm) | 118.6 33 0.704 2.123 | 3.044 | 5.12
-9.25
ey Parameters | L S S, S; S4 Ss
-27.7
Tpe  racviens Value(mm) | 261.8 | 26.52 10 8 29.29 | 33.044
Approximation enabled (kR >> 1)
Honitor farfield (f=2.45) [1]
Gomponent s Parameters | Sg S, Ss S
Output Directivity
Frequenc 2.45
Rad? effg:. 0.7363 dB Value(mm) 137.87 33.04
Tot. effic. 8.76881 dB
Dir. 6.090 dBi T 2
Figure.6: 3D radiation pattern @2.45 GHz. M ‘;B LE .I '
Girectivity Abs (PHi=90) o (F2 45 (1] ICROSTRIP LINE IMPEDANCES
Phi= 20 30 i 30 Phi=270 Jmpedance Z. Zq Z. Z
; 3 Value(Q) 100 61.237 50 35.35

&0

4.1 Return Loss

1o Fig.9 shows the S11 result of the developed array for the
operating frequency at 2.45 GHz with return loss of -29.22dB.

SParameter Magnitide in dB

$1,1:-29.20137

Frequency = 2.45

Main lobe magnitude = 6.0 dBi
Main lobe direction = 0.0 deg.
Theta / Degres vs. dBi Angular width (3 dB) = 100.5 der

Figure.7: 2D polar radiation pattern @2.45 GHz.

IV ARRAY DESIGN
We have started from the elementary antenna \ /
optimized before; we arrived to model an array of six T
elements patches with the arrangement shown in fig.§, . § ? | |
this new arrangement minimizes the effects of coupling ‘ ‘ ‘ ‘
and the generation of higher modes, also it can occupy a 2 ; ; ; ; ; ; ; ;
reduced area for such an antenna array of the same L i “5/GH a2l 28
Tequency [ GHz
number of the elements. Figure .9: Simulation result for return loss for the 3X3 array
L . .
‘ 4.2 Voltage Sanding Wave Ratio
S . . .
- ' As shown in Fig. 10 the VSWR obtained from the
/ 83 8 simulation at 2.45 GHz for the 3X3 array is 1.07, which
\ is within the recommended range.
Voltage Standng Wave Ratio (VSWR)
W 0

§4

W | | | | | | PSR 1071660 VR

20

11
We
Sy

150

Ss
Wiy
S5

100

50

Figure.8: 3X3 slotted patches array .

The table.1 below shows the various parameters of the 0 3 3 3 i i i : i
square patch antenna array developed. The characteristic b s : Q‘QS/GH pBooaE o e 0
. . .. . . requency { Gz
impedances of the microstrip lines being used for feeding Figure.10. : 3X3 array Simulation result for VSWR.

elements of the array is given in the following table.2.
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S-Parameter Sith Chart

0 2 (0.211,-12.8) Ohm 51,1 (35.48 Ohm)
® 25 (57,-32.4) Chm

Frequency [ GHz

Figure.11: S(11) Smith chart
4.3 Radiation Pattern

The radiation pattern taken for the far-field at 2.45
GHz is indicated by the 3-D view in Fig. 12. The
maximum normalized gain for simulation of 3x3 array
square patch antenna that can be achieved is 9.153dBi.

Type Farfield
Approximation enabled (kR >> 1)
Monitor farfield (f=2.45) [1]
Component Abs

Dutput Directivity
Frequency 2.45

Rad. effic. 8.6882935 dB

Tot. effic. -0.0802266 dB

Dir. 9.153 dBi

Figure.12: 3D radiation pattern for the antennas array @ 2.45 GHz

Fig.13 shows the polar view directivity of radiation
pattern for simulation 3X3 array square patch antenna
with 9.1 dBi of main lobe magnitude. The radiation
pattern in the angular width (3dB) for theta component is

29.6° and main lobe direction is about 49.0 °.
Directivity Abs (Phi=30)
Farfield (F=2.45) [1]

Phi=a0 30

60

Frequency = 2.45

Main lobe magnitude = 9.1 dBi
Main lobe diraction = 49.0 deg.
Angular width (3 dB) = 29.6 deg.
Side lobe level = -2.4 dB

Theta / Degree vs. dBi
Figure.13: 2D polar radiation pattern @ 2.45GHz

The results indicate that the design has the ability to
focus energy in a particular direction. However, which is
perfectly suitable for wireless power transmission

CONCLUSION

©2014 ACADEMY PUBLISHER

This study permits to develop and validate array square
antennas with circular polarization due to the use of the
inclined slot in the center of the square patch. The array
validated is then suitable for rectenna system which will
permit to increase the efficiency of the RF-DC
conversion system, by increasing the gain and directly
increasing the received power at the input of the rectenna.

The array antenna optimized has been successfully
designed and simulated using CST microwave software.
The performance criteria extracted from the software
includes return loss, VSWR and radiation pattern, provide
clear indication that the array design is suitable for
wireless power transmission. Hence, the research can be
extended further for fabrication and testing of prototype
as future work.

The procedure used in this study can be exploited for
other frequency band suitable for wireless power
transmission applications.
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Abstract—The introduction of the IR-UWB Technology in
the field of WSN was promising for researchers especially
for itslow power consumption feature. To implement such a
solution, we need a suitable MAC protocol to exploit the
specific features of this technology. When introducing this
Technology, ALOHA was the only candidate MAC protocol.
Because of the high energy consumption of ALOHA, in this
paper we present WideMac, a low power medium access
control protocol designed specifically for Impulse Radio
Ultra Wide Band transceivers. The IR-UWB channel offers
ultra low power transmissions and unmatchable robustness
to multiple access interference. WideM ac takes advantage of
these two key properties by using asynchronous periodic
beacon transmissions from each network node.

To test and evaluate the performance of WideMac protocol
we used PhyLayerUWBIR class developed under MiXiM
platform on OMNet++ as a physical layer. For the MAC
layer we developed our own class WideM acL ayer.

Index Terms—WSN, IR-UWB, ALOHA, WideMac, Power
Consumption, OMNet++, MiXiM.

1. INTRODUCTION

Wireless Sensor Networks (WSNs) is one of the most
interesting networking technologies since its ability to
use no infrastructure communications, it have been used
for many applications, including military sensing, data
broadcasting [1], environmental monitoring [2],
Intelligent Vehicular Systems [3], multimedia [4], patient
monitoring [5], agriculture [6], industrial automation [7]
and audio [8] etc. This kind of networks has not yet
achieved widespread deployments, though it has been
proven able to meet the requirements of many classes of
applications. Wireless sensor nodes have some
limitations as lower computing capabilities, smaller
memory devices, small bandwidth and very lower battery
autonomy; these constraints represent the main
challenges in the development or deployment of any
solution using WSNs. Energy consumption is a very
important design consideration in WSNs, New wireless
technologies emerge in the recent few years, providing

©2014 ACADEMY PUBLISHER
doi:10.4304/jetwi.6.1.54-58

Casablanca, Maroc
saadane@ehtp.ac.ma

Rabat, Maroc
aboutaj@fsr.ac.ma

large opportunities in terms of low power consumption,
high and low rate and are promising for environment
monitoring applications. IR-UWB technology is one of
these new technologies and is considered as a next
generation of the IEEE802.15.4 standard; it is a
promising solution for WSN due to its various advantages
such as its robustness to severe multipath fading even in
indoor environments, its potential to provide accurate
localization, its low cost and complexity, and low energy
consumption [9]. It is necessary to find a very adapt
MAC layer protocol to this Technology for keeping his
advantages.

The present paper is organized as follows. In Section 2
we introduced Wireless Sensor Networks. In section 3 we
presented the IR-UWB technology. Section 4 presents the
ALOHA MAC protocol. In section 5 we presented
WideMac. The simulation and its results are presented in
section 6; finally, Section 7 concludes the paper.

II WIRELESS SENSOR NETWORK

A wireless sensor network (WSN) in its simplest form
can be defined as a network of (possibly low-size and low
complex) devices denoted as nodes that can sense the
environment and communicate the information gathered
from the monitored field through wireless links; the data
is forwarded, possibly via multiple hops relaying, to a
sink (Base Station) that can use it locally, or is connected
to other networks (e.g., the Internet) through a gateway
(see Figure 1).

e The nodes can be stationary or moving.
e They can be aware of their location or not.
e They can be homogeneous or not.
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Figure 1: Sensor network architecture.

2.1 Sensor Node Architecture

A wireless sensor network (WSN) in its simplest form
can be defined as a network of (possibly low-size and low
complex) devices denoted as nodes that can sense the
environment and communicate the information gathered
from the monitored field through wireless links; the data
is forwarded, possibly via multiple hops relaying, to a
sink (Base Station) that can use it locally, or is connected
to other networks (e.g., the Internet) through a gateway
(see Figure 2). The nodes can be stationary or moving.
They can be aware of their location or not. They can be
homogeneous or not.

) Unité Unité de Unité de
d'acquisition Traitement Communication
Processor Emetteur
Capteur CAN Rad -+ .
Memoire Récepteur

1 I

Unité d'Energie

Figure 2: Sensor node architecture.

2.2 Wireless Technologies

Many wireless technologies are used in WSN; the most
frequently used are ZigBee, the various forms of
IEEE802.11 or Wi-Fi, Bluetooth, and UWB with the two
standards IEEE802.15.3a/4a. The first standard for
wireless local area networks (WLAN) was the
IEEE802.11 specification in 1997. For applications
requiring high data rate, the 802.11n standard is under
development to achieve more than 100 Mbits/s. Recently
Wi-Fi is widely adopted in various applications and due
to its complexity and higher energy consumption
compared to ZigBee and IR-UWB, this technology has
been applied only to perform some particular functions in
WSN [10].

III IR-UWB

Impulse Radio Ultra Wide Band (IR-UWB) is a
promising technology to address Wireless Sensor
Network constraints. IR-UWB signals are transmitted in
form of very short pulses with low duty cycle (see Figure
3). The medium is divided into frames and each frame is
shared in N, chips. The frame and chip duration are T;
and T., respectively. The transmitted symbol can be
repeated following a pseudo random sequence to avoid
catastrophic collision under multiuser access conditions

[11].
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Using the Time Hopping Binary Pulse Amplitude
Modulation (THBPAM) scheme for example, the k™ user

transmitted signal St(,l: )(t) can be expressed as:
+oo
k .
SE(t) = Z VEw Xex (8 = j . Ty — CK.T,)
]:—OO
Where Ey is the transmitted pulse energy; Xu(t) denotes
the basic pulse shape and C]-k represents the "
component of the pseudo random Time Hopping
Sequence. The received signal r(t) when only one user is
present can be expressed as:

r(t) = A. S, (t — ) + n(t)
r(t) =Z_ AEx Xy (6 —j.T; —CK.T. — 1)
Jj=—00

+n(t)

where represents the pulse propagation delay and n(t) is
Additive White Gaussian Noise (AWGN) with Ny/2
power density and A represents the attenuation the signal
experiences during propagation [11]. It depends on the
considered channel model in terms of path loss, multipath,
shadowing. In a multi user scenario where N, users are
active, the received signal is expressed as

r(t) = ZkzNu Ag . Si (t — 1) + 1(t)

k=1
Ny
r(6) = Ay Se (t—7) + ZHAK St =7, +1(0)

where 7 | represents the delay associated to the
propagation and a synchronism between clocks. Ay
represents the attenuation of the K" user’s signal (k=1
represents the signal of the user interest). This
formulation can be used to characterize the TH-IR-UWB
PHY layer in a multi user scenario and directly reports to
the network simulator [4]; however the used propagation
delay does not represent the real propagation delay for the
real deployment configuration. The used Bit Error Rate
(BER) versus the Signal to Interference and Noise Ratio
(SINR) is also based on a perfect power control
assumption which is not always realistic.

Sequence (TS = N[“ T[)

+ >

fL|||| ||\||J\4|Hf\4_||
Ch}i‘p: ‘ ’ M

- S = *
(TC) Frame (Tr_ .‘JC TC) Guard (T g N o Tc)
Figure 3: Classic IR-UWB signal and its parameters: Tc is the duration
of a chip, Tf = Nc.Tc is the duration of a frame and Ts = Nf.Tf is the
duration of a sequence. Tg = Ng.Tc is guard time used to prevent ISI.

IV ALOHA MAC PROTOCOL

ALOHA like Medium Access protocols for IR-UWB
have shown their benefit [12]. A node immediately
transmits once it has a packet to transmit without caring
about the channel state (no need to Clear Channel
Assessment: CCA). The MAC scheduler waits for the
acknowledgement of the transmitted packet for a defined
duration. When the acknowledgement is received before
the expiration of this delay, it transmits the next packet.
Otherwise, the transmitted packet must be retransmitted
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until the number of retransmission exceeds the

retransmission limit.

4.1 ALOHA Throughput

The probability that n packets arrive in two packets
time is given by:

n,—2G
P(n) = (2G)"e
n!

Where G is traffic load.

The probability P(0) that a packet is successfully
received without collision is calculated by letting n=0 in
the above equation. We get:

P(0) =e%¢

We can calculate throughput S with a traffic load G as

follows:

§=6.P(0)=G.e 2
The Maximum throughput of ALOHA, shown in Figure 4
(G=1/2) is:

1
Smax =55 ~ 0184

Figure 4: ALOHA throughput

4.2 Transition Diagram of ALOHA

With ALOHA the transmitter does not care about the
channel state, once it has a packet to send, it transmits it
on the medium, according to its own THS. As the
received packets are not acknowledged here, no
retransmission is needed. This protocol leads to low
latency and gives a high priority to new events to be
notified to the base station in a WSN application. It well
suits applications where latency and new events
notification is critical (see Figure 5).

| |

START TX
Unicast Broadcast
CHECKE TX _
BUFFER XMIT UCAST XMIT BCAST
b
PKT SENT

Figure 5: Transition diagram of ALOHA

V WIDEMAC
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5.1 Presentation

WideMac was presented as a novel MAC protocol
designed for wireless sensor networks using ultra wide
band impulse radio transceivers. It makes all nodes
periodically (period Ty, identical for all nodes) and
asynchronously wake up, transmit a beacon message
announcing their availability and listen for transmission
attempts during a brief time Tpigep.

Il Radio Preamble Tx (Detectable)
[[] Radio Data Tx (Underectable)

\_1 Radioin Reception Mode

TReacon TListen Toteep
- B
- e
I«

TW
Figure 6: Detailed view of a WideMac period

Figure 6 illustrate a single period structure. It starts
with a known and detectable synchronization preamble
and is followed by a data sequence which announces the
node address and potentially other information, such as a
neighbor list or routing table information (for instance,
cost of its known path to the sink). A small listening time
follows Tpisen, during which the node stays in reception
mode and that allows it to receive a message [13].
The whole period composed of Tpezeonand Tpigen 1s called
T, (time of activity); and its very small compared to the
time window Ty. This period is followed by a long
sleeping period Tgeep, during which nodes save energy by
keeping the radio in its sleeping mode.

I I

-

Other J Beacon '_| L l,.|

Sender v Beacon ¥ YAck
i - M| I | R
Receiver Message

« » Tw

[l Radio Preamble Tx (Detectable)
[] Radio Data Tx (Undetectable)
'\ Radio in Reception Mode

Figure 7: An initial WideMac data transmission.

When a node has a message to transmit, it first listens
to the channel until it receives the beacon message of the
destination node. This beacon message contains a backoff
exponent value that must be used by all nodes when
trying to access this destination. If this value is equal to
zero, the source node can transmit immediately.
Otherwise, it waits a random backoff time, waits for the
destination beacon, and transmits its data packet. Because
of the unreliability of the wireless channel, packets are
acknowledged. If a packet is not acknowledged, or if the
destination beacon was not received a retransmission
procedure using the backoff algorithm is initiated, until
the maximum number of retransmissions max TxAttempts
is reached.

The details of the backoff algorithm are described in
subsection. Figure 7 depict a sender node listening to the
channel, ignoring the beacon message of another node,
and sending its message to the destination after receiving
its beacon. The exchange ends with an acknowledgment
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message transmitted by the receiver node and addressed
to the sender node [14].

5.2 WideMac Backoff Algorithm

The backoff algorithm has a major effect on collision,
latency and fairness. WideMac periodic beacons allow
the sender nodes to get some information on the channel
state at the destination. This can be used to reduce the
hidden and exposed terminal problems. The WideMac
transmission procedure works as follows: a candidate
sender node first listens for the receiver node’s beacon.
Once it finds it, it can either immediately attempt
transmission (default for lightly loaded networks) or it
can start a backoff timer before sending (this is activated
by a flag always Backoff in the beacon). In both cases,
the sender node waits for an acknowledgment. If it does
not arrive, a retransmission procedure begins. The sender
node chooses a random time parameterized by the
receiver node’s Backoff Exponent (BE) which was
broadcast in the beacon, using a binary exponential
backoff:

TBackoff = NBackoff- Ty,
where Nggerors € [0, 28FReceiver — 1],

The backoff time is thus a function of the wake-up
interval Ty and of the channel state at the receiver node,
as captured by BEregiver- Such a receiver-based backoff
parameterization was also proposed in IR-MAC [15] .
The use of a slotted backoff time based on Ty is natural
since all candidate sender nodes are synchronized on the
receiver node’s wake up times: using a fraction of Ty
would not change anything as the node would not
transmit before receiving the destination beacon. Using
an integer multiple of Ty for the unit backoff duration
would increase latency and spread the traffic, but this can
also be achieved by adapting the value of BEgeceiver to the
traffic conditions.

5.3 Power Consumption Models

Each normal Ty interval starts with a beacon frame
transmission followed by a packet or a beacon reception
attempt, during this start a node must enter transmission
mode (Egetypry)stransmit its beacon ( Tpeqcon Pry), SWitch
to reception mode ( Esyryrx ) and attempt a packet
reception ( TpistenPry)- These costs are regrouped in the
beacon energy Epeacon-

EBeacon = ESetupTx + TBeaconPTx + ESwaRx
+ TListenPRX
In addition, during a time L, a node must sometimes
transmit a packet Er, or receive one Eg,, and sleep the
rest of the time Eg),.p,, resulting to the following average
power consumption:
PWideMac = ﬁ (EBeacon + ETx + ERX + ESleep)
Where:
Ery = K. Crx(Pour)- Ve Trx
Epy = K.Cry-Vg. Try
ESleep = CSleep- V. T.S‘leep
K represents the message length in bytes, P,,; is the
transmission power, Cry, Cpyx and Cgip represent the
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current intensities for the three modes, Tt and Ty, are
the time of transmission and reception.

VI SIMULATIONS AND RESULTS

6.1 OMNet++ and MiXiM Smulation Platform

OMNeT++ is an extensible, modular, component-
based C++ simulation library and framework which also
includes an integrated development and a graphical
runtime environment; it is a discreet events based
simulator and it provides a powerful and clear simulation
framework.

MiXiM joins and extends several existing simulation
frameworks developed for wireless and mobile
simulations in OMNeT=++. It provides detailed models of
the wireless channel, wireless connectivity, mobility
models, models for obstacles and many communication
protocols especially at the Medium Access Control
(MAC) level. Moreover, it provides a user-friendly
graphical representation of wireless and mobile networks
in OMNeT++, supporting debugging and defining even
complex wireless scenarios [16].

6.2 Smulation Parameters

We performed the simulations in the MiXiM 2.1

release framework with the OMNeT++ 4.2 network
simulator.
We used a grid network, where nodes transmit packets to
a Sink node; also we ran several simulations with
different nodes numbers and parameters values to
evaluate our new protocol.

TABLEI:
ENERGY PARAMETERS

1eter

0 mW

mW
mW

X 0 mW
X mW
X 0 mW
X 0 mW

TABLE II:

TIMING PARAMETERS
1eter

TSetupr 0.000103 s
TSelupTx 0.000203 s
TSWTXRX 0000120 S
TswrxTx 0.000210 s
TRxToSleep 0000031 S
TTxToSleep 0000032 S
Bit rate 0.850000 Mbps

For the energy consumption we used the following
radio power consumption parameters shown in TABLE 1.
For the radio timing we used the parameters shown
bellow in Table II.
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6.3 Results

In this section, we present the results obtained using
the timing and energy parameters cited in section 6.2. The
low power consumption of WideMac was concretized by
the results shown in Figure 8. It shows that the power
consumption of WideMac protocols is remarkably less
than the ALOHA MAC protocol. This factor (power
consumption) is considered as a key factor for WideMac
protocol since it influences directly the Networks life
time.

102
—+— ALOHA
100 1 % —+—WideMac
98 -
|
16 -

14 - »—ﬁ‘\"\_’—_“_—_‘

12 4

10 -~

Mean Power consumption|{m\v)

6 | | | | | | Nodes' number

2 4 9 16 25 36

Figure 8: Nodes power consumption average

CONCLUSION

Power consumption was and is an interesting issue that
is stills a factor in the development of WSN protocols
especially in the physical and MAC layers; it is the
primary metric to design a sensor node in wireless sensor
network. The low power consumption is the main
advantage of the WideMac protocol; it is also very close
to an ideal energy consumption model for the IR-UWB
based transceivers and gave a good result at this level.
This result was achieved thanks to the fact that the
network nodes are asleep in the Tge,, periods which
occupy a wide range in the Ty periods.

We aim, as a future work, to develop a new adapted
routing protocol that will be paired with WideMac to
largely exploit the IR-UWB features.
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Abstract—In this paper, we are interested in the problem of
Euclidean 3D reconstruction of unknown objects by passive
stereo vision method. Our method is based on the
combination between Harris and Sift interest point
detectors, to take advantage of the power of these two
detectors, which will be useful when matching step, as a key
step for 3D reconstruction, In order to have a sufficient
number of matches distributed on the images. These
matches will be used to estimate the 3D points (the
projection matrices will be estimated after calibration using
3D Calibration Pattern). Finally, a 3D mesh is constructed
by 3D Delaunay triangulation, applied to the 3D points
reconstructed. Experimental results prove that this method
is practical and gives satisfying results without going
through the propagation step.

Index Terms—Interest Points, Matching, Calibration, 3D
reconstruction, 3D mesh, 3D Delaunay triangulation.

1. INTRODUCTION

3D reconstruction from 2D images is an important
problem in computer vision. Many approaches offer
solutions to this problem : Stereo vision [1], Structure
from motion [2 ,3], Shape from silhouettes[4], shape
from shading [5, 6], and shape from texture [7].

In this paper, we are intersted in the problem of multi-
view reconstruction from images by passive stereo vision
methods.

In this method, the 3D information is estimated, only
from images taken by cameras without any controlled
light. However, the active stereo vision [8] uses a
controlled light source such as a laser, or a structured
light to find the 3D information.

The implementation of our method (Figure 1) involves
four principal phases :

Camera calibration : Consists in estimating the cameras
parameters.

Interest Points Detection : is a preliminary step in many
computer vision processes, many methods have been
proposed to extract points of interest. In this paper, we
combined between Harris [9] and Sift [10] interest point
detectors.

Matching : Finding in two images of the same scene,
taken at different positions, pairs of pixels which are the
projections of the same point of the scene. In this phase,
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the detected interest points are matched by ZNCC (Zero
mean Normalised Cross Correlation) correlation measure
[11].

To eliminate false matches, we used the global
constraint given by the fundamental matrix F.
3D reconstruction of matched points: is to estimate the
3D coordinates from point matches and projection
matrices estimated.
3D Delaunay triangulation : 3D mesh is constructed by
3D Delaunay triangulation, applied to the 3D points
reconstructed. It is a triangulation that satisfies the
Delaunay criterion (empty sphere)

| Images acquisition |

} }

Interet point detection Interet point detection
(HARRIS Detector) (SIFT Method)

I |
l

| Matching using ZNCC |

| Calibration |

Elimination of the false
matches (outliers)

r

| 3D Reconstruction |

!

3D Delaunay
Triangulation

Figure 1 : Euclidien 3D Reconstruction Steps

II CAMERA MODEL AND CALIBRATION

2.1 Pinhole Camera Model

The pinhole model (Figure 2) consists of the image
plane and the optical center O. A point M; = (X;, Y;, Z)"
of the 3D scene is projected onto the image plane at a m;
= (u;,v;)" point. This perspective projection is represented
by the following formula :



60 JOURNAL OF EMERGING TECHNOLOGIES IN WEB INTELLIGENCE, VOL. 6, NO. 1, FEBRUARY 2014

X,
Au, Pun P P Pu y
AV |=| Py Pn Pxn DPu Zl M
A P31 Px» P Pxu 1
A : is a factor of homogeneity
_ j=l.4 . ; ot ;
P= ( z ),-:1,,,3 : is the perspective projection matrix
Y
Perspective‘projection - X
Yi, Z;)"
ene point

i=(uy Vi)'
Image point

Optical center Image plane

Figure 2 : Pinhole camera model

2.2 Calibration

The camera calibration consists in estimating the
perspective projection matrix P that contains the
parameters of the model.

3D Calibration Pattern (Figure 3) was used to estimate
this matrix.

_ Figure 3 : 3D Calibration Pattern

From equation (1), we deduce :
Xpn+Y.p+Z,pys+ py—u X, py —uY, py, —u,Z, pyy =u,pyy

XDy YDy +Z, oy + Doy =V, X, P31 =V Y, D3y =V, Z, P33 =V, D3y &)

i

Each point M; of our 3D Calibration Pattern with
known coordinates (X, Y;, Z;) is projected onto the image
plane at a coordinate point (u;, v;), provides the equations
(2). These equations are linear over the coefficients of P.
Therefore at least 6 non-coplanar points are needed to
determine P.

III DETECTION AND MATCHING

3.1 Interest Points Detection

There are many methods [13] of detection point, but
they do not have the same performances. In this paper,
we combined between Harris [9] and Sift [10] interest
point detectors. Indeed, Sift is considered as one of the
best performing detectors because of its robustness to
scale, rotation, translation and lighting changes. Harris
Detector can find points on objects, specifically near the
corner.
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3.1.1  Sift keypoints
Interest Points detection takes place in two steps : (1)
Scale Space Extrema Detection, (2) Keypoint
Localization.
= Scale Space Extrema Detection
The detection is done in a space called Scale Space
that has three dimensions : X, y and o.
The Scale Space of an image I(x, y) is defined by:
L(x.3.0) = G(x,5,0)*(x.5) )
Where, G is the Gaussian function.
To find the extrema, we use the function DoG
(Difference of Gaussians) defined by :
D(x,y,0)=L(x,y,ko)—L(x,y,0) 4
D(x.y.0) = (G(x.y.ko) - G(x.y.0) * [(x.y) P
The extrema are pixels which present a maximum
intensity, or minimum, compared with their immediate
neighbours in the image as well as those in the space
scale (26 neighbors).

LS S S S S S

Pixel

Scale

L LS LSS

LSS S S S

Figure 4 : Scale-space extrema detection

= Keypoint Localization.
In this step, key point candidates are localized and low
contrast key points or those located on the image edge are
removed.
3.1.2  Harris Corner Points
The detection is based on a three step process :
= (Calculation of measurement of Harris R(x,y) (5) in
each point of the image
= Thresholding to keep the larger values.
= Determination of local maxima in the values of R
remaining.

5
R(x,y) = det(M ) -k -[trace (M) ] ©)
With k =0.04
M : is the matrix of autocorrlation
1) 1.1
ley (Iy)

G : is the Gaussian filter

I(x, y) : is the image intensity

I, : is the first derivative at x

1, : is the first derivative at y
= R <0:atthe vicinity of an edge
= R =0:1in a homogeneous region
= R> seuil : near a point of interest
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3.2 Matching

The Matching of points is an important step in 3D
reconstruction from images. It is to find for each point of
the left image a corresponding in the right image.

In this paper, ZNCC [11] (Zero-mean Normalized
Cross-Correlation) measure is used for matching interest
points between different images.

The ZNCC value for a window  size
(2N +1)x (2P +1) is defined by :
A
ZNCC (ml(ulavl)smz(u29v2)) = (7)

VB xC
With :

Pu—Puty Po— Pl Pz = PysUy Py~ Pl X
Py 7PsiVi Pn= PVt P = PysVi Pu—Pul Y
pl-plu, p=plu, p-plu, p'=pli||z
p 2'1_p 3’1 V» P 2’2_p 3’2 V» P 2'3—]? 3’3‘)2 p 2'4—[7 3'4‘)2 !

The calculation of the coordinates (X, Y, Z) is obtained
by solving the linear system (9) using the linear least
squares sense. It is also possible to solve this system by a
singular value Decomposition (SVD).

4.2 3D Delaunay Triangulation
3D mesh is constructed by 3D Delaunay triangulation

N P
A=Y (1 +ivy + ) =1 @) XU Wy +v; + /)= L5, v, WFigur 5), applied to the 3D points reconstructed. It is a

i—Nj=—P
N P -
B = z z(ll(ul +i,v + )= 1 (uy,v))

i=—N j=—P

N P
C= Z 2(12(’/‘2 +1i,v, +j)_[2(u2:vz))2
=N j=—P

1 N P
S — L, +iyv, +
(2N+1)(2P+1),z 21+ i+ )

=—Nj=—-P

1 N P
- I(u, +i,v, + j
(2N +1)(2P +1) ,.;Nj;, 2y 6V, +J)

I (uy,v) =
I,(uy,v,) =

The value of the correlation ZNCC varies between -1
and 1. Consider a point in the imagel (left image), and its
correlation is calculated with all points of the search box
in the image?2 (right image).

One retains only the maximum correlation point and
above a threshold.

3.3 Removal of the False Matches

Not all extracted matches are accurate, can be of false
matches (outliers). To avoid these matches, we used the
global constraint given by the fundamental matrix F
(matrice 3x3).

The RANSAC algorithm [12] was used to estimate
this matrix and verify if the matches are correct.

This estimate is based on the equation :

m; Fm, =0

With (m1, m2) is a pair of corresponding points.

®)

IV EUCLIDEAN 3D RECONSTRUCTION

4.1 3D Reconstruction of Matched Points

3D reconstruction is to estimate, from the matches
already made and projection matrices defined during the
phase of calibration P and P’, the coordinates (X, Y, Z) of
a point M of the scene.
By applying the projection equation (1) for a couple of
matches (m1, m2), we write:
m=PM
m,=P'M
By developing these equations, we find:
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triangulation that satisfies the Delaunay criterion (empty
sphere)
= The Delaunay criterion
Delaunay criterion is satisfied for a couple of
tetrahedra if no node of an element (tetrahedron) is
contained in the Interior of the sphere circumscribing the
other element.

a b

Figure 5 : (a) 3D point cloud (b) 3D Delaunay Triangulation

V EXPERIMENTS AND RESULTS

The presented algorithm was implemented in Java,
using both JAMA library and The Java 3D API.

5.1 Images Acquisition

A digital camera was used for these experiments. The
resolution used for the images is 640 x 480.

Image 2

Figure 6. Images used for 3D reconstruction

5.2 Camera Calibration

In each teken view, our camera is calibrated (variable
parameters). The coordinates of 10 well distributed
corners in the 3D pattern are used.

=0 (9)
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'g&t“

Figure 7. Detection of corners of our Calibration Pattern (Harris
detector)

The first projection matrix estimated :

The second projection matrix estimated:

5.3 Matching

The ZNCC method was used to make the matching of
points of interest detected by the Harris detector and the
Sift method. The matches extracts are not all accurate, to
remove false matches, we used the RANSAC algorithm
[12].

Figure 8. Matching of points of interest (N =7, P =7 and
thresholdZNCC = 0.85)

5.4 Euclidean 3D Reconstruction

We have the projection matrices and a set of matches,
we can pass to the 3D reconstruction (we used a Singular
Value Decomposition to solve the linear system (9)) :
5.4.1 3D Reconstruction of Matched Points

Figure 9. 3D Reconstruction of 389 Matched Points
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Figure 10. 3D mesh constructed by 3D Delaunay triangulation, applied
to the 3D points reconstructed

5.4.2 3D Reconstruction of Matched Points After
propagation method [14]

The propagation method is based on a set of reliable
matches(germs). The germ with the best score ZNCC is
removed from the current list of matches(germs), the new
matches are searched in its neighborhood.

This method was applied to 167 germs for having 9622
matches.

(a) (b)

(d)

Figure 11. (a), (b) and (c) 3D Reconstruction of 9622 Matched Points (d)
3D Delaunay triangulation of 3D points reconstructed
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543

COMPARAISON

The results are presented in the table below :

TABLE 1.

RESULTS OF 3D RECONSTRUCTION

Proposed Propagation
method method [14]
Number of
reconstructed 389 9622
points
Time of calculations 15s 3 min
(10>ReprOJe.ct|0n error 0.96 1.25
(pixel)

Based on the results of experiments, we can deduce :

TABLE 2.
COMPARAISON
Proposed Propagation
method method [14]
The number of
. reconstructed
Rapid points is large
Advantages enough

Quality of the Quality of the

resulting 3D resulting 3D

model is accepted

model is accepted

Non-operational
for non-textured
objects

Non-operational
for non-textured
objects

Disadvantages

Slow due to the
large number of
reconstructed
points

= The reprojection error is defined by:

Err :%Z(d(EMwmli)z+d(P2Mi’m2i)2) (10)

n g

n : is the number of matches (Number of 3D points).
P; et P,: are the projection matrices.
(my;, my) : is a pair of corresponding points.

M; : is the 3D reconstructed point from (m;, m;;).

CONCLUSION

The proposed 3D reconstruction method enables to
achieve satisfactory results in a short time. The
combination between Harris and Sift detectors allows to
have a sufficient number of matches without passed to the
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propagation step, What has been very useful to have a 3D
model of quality in short time.
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Abstract—Featur e representation and classification are two
key steps for face recognition. We compared three
automated methods for face recognition using different
method for feature extraction: PCA (Principle Component
Analysis), LDA (Linear Discriminate Analysis), ICA
(Independent Component Analysis) and SVM (Support
Vector Machine) were used for classification. The
experiments were implemented on two face databases, The
ATT Face Database [1] and the Indian Face Database (IFD)
[2] with the combination of methods (PCA+ SVM),
(ICA+SVM) and (LDA+SVM) showed that (LDA+SVM)
method had a higher recognition rate than the other two
methods for face recognition.

Index Terms—Face Recognition, SVM, LDA, PCA, ICA.

|. INTRODUCTION

Face Recognition is a term that includes several sub-
stages as a two step process: Feature extraction and
classification.

Feature extraction for face representation is one of
central issues to face recognition systems, it can be
defined as the procedure of extracting relevant
information from a face image.

There are many feature extraction algorithms, most of
them are used in other areas than face recognition.

Researchers in face recognition have used, modified
and adapted many algorithms and methods to their
purpose . For example, Principle component analysis
(PCA) was applied to face representation and recognition
[3,4,5].

The PCA method [5] is obviously of advantage to
feature extraction, but it is more suitable for image
reconstruction because of no consideration for the
separability of various classes. Aiming at optimal
separability of feature subspace, LDA (Linear
Discriminate Analysis) can just make up for the
deficiency of PCA [6]. ICA (Independent Component
Analysis) is a method that finds better basis by
recognizing the high-order relationships between the
pixels images [7], once the features are extracted, the next
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step is to classify the image .A large margin classifiers
are proposed recently in machine learning such as
Support Vector Machine (SVM) [8]. The method was
used in this step is SVM (Support Vector Machines)
which have been developed in the frame work of
statistical learning theory, and have been successfully
applied to a number of applications, ranging from time
series prediction, to face recognition, to biological data
processing for medical diagnosis [9,10]. VC (Vapnik-
Chervonenkis) dimension theory and SRM (Structural
Risk Minimization) principle based SVM can well
resolve some practical problems such as small sample
size, nonlinear, high dimensional problems, etc. [11,12] .

In this paper SVMs were used for classification using
different method for feature extraction: PCA, LDA, ICA,
the experiments were implemented on two face databases,
The ATT Face Database [1] and the Indian Face Database
(IFD) [2] .

The face recognition system is shown as Fig. 1.

Input Features Classifier
Extraction
Training PCA
Images L) SVM
ICA 7| Classifier
Test
I\
Images || LDA

Fig 1: The face recognition system

The outline of the paper is as follows: Section 2 feature
extraction and classification. In section 3 contains
experimental results. Section 4 concludes the paper.
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II FEATURE EXTRACTION

Feature extraction involves several steps -
dimensionality reduction, feature extraction and feature
selection. We have a large features vector which
considers the whole image that needs a reduction of
dimension and selection the important features. Then
these new features will be used for the training and
testing of SVM classifier .In this paragraph we describe
three techniques of extraction feature, Principal
component analysis (PCA), independent component
analysis (ICA) and linear discriminate analysis (LDA).

2.1 Principal Component Analysis (PCA)

Principal component analysis (PCA) is a powerful tool
for feature extraction as proposed by Turk and Pentland
[13]. The main advantage of PCA is that it can reduce the
dimension of the data without losing much information.
Suppose there are N images li(i=1,2,---,N), each image is
denoted as a column vector xi , and the dimension is M.
The mean of the images is given by:

N
5 X
=>» — 1
>0
the covariance matrix of images is given by
1Y — 71
C=32(x=X)(x=X) ==XXT (2)
N 43 N
Where X = [X1 =X, %X =X, ...y
is made up of the eigenvectors which correspond to the
significant eigenvalues when M>>N, the computational
complexity is increased .we can use the singular value
decomposition (SVD), theorem to simplify the

computation .the matrix X, whose dimension is M*N and
rank is N, can be decomposed as:

Xy —Y] the projection space

1
X=UAVT (3)
1

U=XVvA2 (4

Where :
=diag[A, 4, Ay |, A4 2 4, 2...2 A , are the nonzero

eigenvalues of XX and X' X
U =[u,u,,....u, |,V =[v,v,...,
matrices.
U is the eigenvector of XX'

v, | are orthogonal

V is the eigenvector of
X" X and the 4 is the correspondlng eigenvalue.
U, is calculated by following :

U, =LX\/i

T

eigenvectors

i=1,2,.,N (5)

The p U=[ul,uz,...,up] p<N

corresponding to the p significant eigenvalues are
selected to form the projection space and the sample
feature is obtained by calculating.

2.2 Analyse discriminate linear (LDA)

LDA also known as Fisher’s Discriminate Analysis, is
another dimensionality reduction technique, it determines
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a subspace in which the between-class scatter (extra
personal variability) is as large as possible, while the
within-class scatter (intrapersonal variability) is kept
constant. In this sense, the subspace obtained by LDA
optimally discriminates the classes-faces.

We have a set of C-class and D-dimensional samples

{x“ ,x(z,...x(N}
N, of which belong to class W, N,to class W, and N,

to class W, , In order to find a good discrimination of

these classes we need to define a measure of separation,
We define a measure of the within-class scatter by Eq. (6):

§=D0cu)x-n)  ©

XeW

Where: S, = ZSand u = WZ)Q

i Xew

And the between-class scatter Eq. (7) becomes:

S=YN (- - @)
TOREEO ML

Matrix S; =§;+8§, is called the total scatter similarly,

we define the mean vector and scatter matrices for the
projected samples as:

&= 3 (y-2)(y-4)

S =§Ni (& -2)(
;= Zy , f=

| yew

Where: u=

~ ~\T
i, —jt)
1

Where: —>y
N &

From our derivation for the two-class problem, we can
write: S =W'SW and §, =W'SW

Recall that we are looking for a projection that
maximizes the ratio of between-class to within-class
scatter. Since the projection is no longer a scalar (it has

C-1 dimensions), we use the determinant of the scatter
matrices to obtain a scalar objective function Eq. (8):

= 8
Yl Twsw O

And we will seek the projection matrix W* that
maximizes this ratio it can be shown that the optimal
projection matrix W* is the one whose columns are the
eigenvectors corresponding to the largest eigenvalues of
the following generalized eigenvalue problem Eq. (9):

W=} ||V\7%)/\" W s o
Sg is the sum of C matrices of rank <1 and the mean

1 C
E;ﬂi =

Therefore, Sg will be of rank (C—1) or less and this
means that only (C—1) of the eigenvalues A will be non-

o, Jmg

vectors are constrained by :
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zero. The projections with maximum class separability
information are the eigenvectors corresponding to the

S

We seek (C-1) projections[yl,z,...yH] by means of

largest eigenvalues of

(c—1) projection vectors wi arranged by columns into a

projection matrix

W=[W W, |...|W_ ]y =WTXx=Yy=WITX.

2.3 Independent Component Analysis (ICA)

The most common method for generating spatially
localized features is to apply independent component
analysis (ICA) to produce basis vectors that are
statistically independent (not just linearly decorrelated ,
as with PCA) [14].it is an alternative to PCA which
provides a more powerful data representation [15] and
it’s a discriminate analysis criterion, which can be used to
enhance PCA.

ICA for face recognition has been proposed under two
architecture by Barlett et. al. [16]. The architecture 1
aimed at finding a set of statistically independent basis
images while the architecture 2 finds a factorial code. In
this paper, the architecture 1 has been used. This process
involves the following two initial steps :

1. The face images in the database are organized as a
matrix X in which each row corresponds to an image.

2. The face database is processed to obtain a reduced
dataset in order to reduce the computation efficiency of
the ICA algorithm. The reduced dataset is obtained from
the first m principal component (PC) eigenvectors of the
image database. Hence the first step is applying PCA to
determine the m PCs ,then the ICA algorithm is
performed on the principal components using the
mathematical procedure described in [17].

IIT CLASSIFICATION: SUPPORT VECTOR MACHINE (SVM)

SVMs (Support Vector Machines) are a useful
technique for data classification and are still under
intensive research [18],[19]. Although SVM is considered
easier to use than Neural Networks, there are several
kernels are being proposed by researchers, the four basic
kernels as follow: linear, polynomial, sigmoid and radial
basis function (RBF), We chose RBF kernel function for
SVM classifier in our face recognition experiments Eq:10
which has fewer numerical difficulties [18] .

K()g,yj):exp(—y")g—xjnz) y>=0 (10)

v is kernel parameter and parameterized using7/:= Lz
20

3.1 Maximal Margin Hyperplanes

After we change the representation of the training
examples by mapping the data to a features space F
where the optimal separating hyper plane (OSH) is
constructed Fig 2, we limited our study to the case of
two-class discrimination [8] and we consider the training
data S a set of | vectors features each vector has n
dimension, where each point xi belongs to one of two
classes identified by the label -1 or 1 Eq 11.
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s={(x.¥)xeR.y ef-LI}

Fig 2: Maximum-margin hyperplane for SVM trained with samples
from two classes.

We have solving a quadratic optimization problem
with linear constraints that can be interpreted in terms of
the Lagrange multipliers calculated by quadratic
programming Eq: 12

~ n 1 . .
max(¢q :L(@)=Y o -zzi ] A MY k()q WX )(for anyi=l,.,n)? <oi<c )
i=l

Zir]:104yI=0
oi are the Lagrange multipliers parameters to be
adjusted ,c is the penalty parameter of the classification
error term it must be adjusted because the data are rarely
completely separable, the xi are the training examples.

The solution of the optimization problem will be a
vector We F , that can be written as a linear combination
of the training inputs Eq: 13 W= Y ayx  (13)

(w,b) define the hyperplane OSH ={x:wx+b=0} b is
the bias.

We use the separating (OSH), once we have trained it
on the training set, The (OSH) divides the R" into two
regions: one where WX +b>0 and one where
WX +b<0. To use the maximal margin classifier, we
determine on which side the test vector lies and assign the
corresponding class label. Hence, the predicted class of a
test point x is the output of the decision function Eq 14.

() =sen( Tayk(x.9+b] (14

i=1
K(%.y,)=exp(-7[x=x[) 7-0

3.2 Multiclass Classification

SVM was originally designed for binary classification.
Face recognition is a multi-class classification problem.
There are two basic methods for face recognition with
SVMs: one against-one and one-against-all. The one-
against-one method is

Classification between each pair classes . The one-
against-all is classification between each class and all the
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rest classes. In our experiments the one-against-all
method was used for classification.

In real world problems we often have to deal with
Nn=2 classes. Our training set will consist of pairs

(%.Y;), where x e R" and y e{l..,n},i=1.1 for

extending the two-class to the multiclass case this method
will be described briefly below.
321 Onevs. all approach

In the one-Vs-all approach n SVMs are trained. Each
of the SVMs separates a single class from all remaining
classes [20,21] ,A more recent comparison between
several multi-class techniques [22] favors the one-vs-all
approach because of its simplicity and excellent
classification performance. Regarding the training effort,
the one-vs-all approach is preferable over the one-vs-one
approach since only n SVMs have to be trained compared
to N(N—1)/2 SVMs in the pairwise approach (one-vs-one)

[23], [24], [25] . The construction of a n-class classifier

using two-class discrimination methods is usually done

by the following procedure:
Construct n  two-class

decision functions

dy (x),k=1,..,n that separate examples of class k from
the training points of all other classes,
dk (x) = {+1 if x belongs to class k}

-1 otherwise

In the face database of n individuals, 10 face images
for everyone. 5 images among the 10 images of every one
were taken to compose training samples and the rest 5
ones compose test samples.

Five images of first individual was taken and marked
as positive samples, the all images of other training
samples as negative samples. Both positive samples and
negative samples were taken as input samples to train a
SVM classifier to get corresponding support vectors and
optimal hyperplane. The SVM was labeled as SVMI. In
turn we can get the SVM for every individual and labeled
as SVMI, ..., SVMn respectively.

The n SVMs can divide the samples into n classes.
When a test sample was in turn inputted to every SVM,
there would be several cases:

o [f the sample was decided to be positive by SVMi and
to be negative by others SVMs at the same time, then
the sample was classified as class i.

o [f the sample was decided to be negative by several
SVMs synchronously and to be positive by other SVMs,
then the classification was false.

o If the sample was decided to be negative by all SVMs
synchronously, then the sample was decided not
belonging to the face database.

IV. EXPERIMENTATION AND RESULTS

Our experiments were performed on two face
databases, The ATT Face Database [1] and the Indian
Face Database (IFD) [2] the ATT database contains
images with very small changes in orientation of images
for each subject involved, while the IFD contains a set of
10 images for each subject where each image is oriented
in a different angle compared to the other.
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These two databases both contains 10 classes, each
class have 5 images for training and 5 images for testing
Fig 3 and Fig 4. We use these Databases for comparison
of different face recognition algorithms such as

PCA+SVM, LDA+SVM and ICA+SVM. We extract
different features from a training set and testing set using
PCA, LDA, ICA methods. Using these feature we trained
the classifier SVM and find the accuracy of the three
methods, the recognition rates of the three methods
PCA+SVM, LDA+SVM, ICA+SVM were shown as Fig.

Fig 3: Examples of (a) training and (b) test images of (ATT) Face
Database

Fig 4: Examples of (c) training and (d) test images of (IFD) Face
Database
The comparison is done on the basis of rate of
recognition accuracy. Comparative results obtained by

testing the PCA+SVM, LDA+SVM, ICA+SVM
algorithms on both the IFD and the ATT databases Fig.5.
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m Accuracy (%) of ATT
90,24%

H Accuracy (%) of IFD

100 91%

PCA+SVM

LDA+SVM ICA+SVM

Fig 5: Comparative of the combination algorithms
PCA+SVM,LDA+SVM,ICA+SVM On the basis Of recognition
accuracy

It is observed that recognition rate of the method
LDA+SVM is 93.9% obtained on ATT face database and
70% on IFD face database it is the higher as compare to
PCA+SVM and ICA+SVM methods for both IFD and
ATT databases.

CONCLUSION

We presented a face recognition method based on
SVM classifier combined with LDA feature extraction.
We implemented experiments on IFD and ATT face
database. First, LDA for dimension reduction and SVM
for classification. The experimental results showed that
LDA+SVM method had a higher recognition rate than the
other two methods for face recognition.
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Abstract—The classification of remotely sensed images
knows a large progress taking in consideration the
availability of images with different resolutions as well as
the abundance of classification’s algorithms. A number of
works have shown promising results by the fusion of spatial
and spectral information using Support vector machines
(SVM) which are a group of supervised classification
algorithms that have been recently used in the remote
sensing field.

For this purpose we propose a methodology exploiting
the properties of Mercer’s kernels to construct a family of
composite kernels that easily combine multi-spectral
features and Haralick texture features as data source.

The proposed approach was tested on common scenes of
urban imagery. The three different kernels tested allow a
significant improvement of the classification performances
and a flexibility to balance between the spatial and spectral
information in the classifier. The experimental results
indicate an accuracy value of 92.55% which is very
promising.

Index Terms—SVM, Classification, Composite Kernels,
Haralick features, Satellite image, Spectral and spatial
information.

I. INTRODUCTION

With the commercial emergence of the optical satellite
images of sub-metric resolution (Ikonos, Quickbird) the
realization as well as the regular update of numerical
maps with large scales become accessible and
increasingly frequent. The classification of such images is
similar to that of other image types, it follows the same
principle, and it is a method of analysis of data that aims
to separate the image into several classes in order to
gather the data in homogeneous subsets, which show
common characteristics. It aims to assign to each pixel of
the image a label which represents a theme in the real
study area (e.g. vegetation, water, built, etc) [1].

Several classification algorithms have been developed
since the first satellite image was acquired in 1972 [2-4].
Among the most popular and widely used is the
maximum likelihood classifier [5]. It is a parametric
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approach that assumes the class signature in normal
distribution. Although this assumption is generally valid,
it is invalid for classes consisting of several subclasses or

classes having different spectral features [6]. To
overcome this problem, some non-parametric
classification techniques such as artificial neural

networks, decision trees and Support vector machines
(SVM) have been recently introduced.

SVM is a group of advanced machine learning
algorithms that have seen increased use in land cover
studies [7, 8]. One of the theoretical advantages of the
SVM over other algorithms (decision trees and neural
networks) is that it is designed to search for an optimal
solution to a classification problem whereas decision
trees and neural networks are designed to find a solution,
which may or may not be optimal. This theoretical
advantage has been demonstrated in a number studies
where SVM generally produced more accurate results
than decision trees and neural networks [5, 9]. SVMs
have been used recently to map urban areas at different
scales with different remotely sensed data. High or
medium spatial resolution images (e.g., IKONOS,
Quickbird, Landsat (TM)/ (ETM+), SPOT) have been
widely employed on urban land use classification for
individual cities for ; building extraction, road extraction
and other man-made objects extraction [10, 11].

On other hand, the consideration of the spatial aspect
in the spectral classification remains very important, for
this case, Haralick described methods for measuring
texture in gray-scale images, and statistics for quantifying
those textures. It is the hypothesis of this research that
Haralick’s Texture Features and statistics as defined for
gray-scale images can be modified to incorporate spectral
information, and that these Spectral Texture Features will
provide useful information about the image. It is shown
that texture features can be used to classify general
classes of materials, and that Spectral Texture Features in
particular provide a clearer classification of land cover
types than purely spectral methods alone.

The proposed method consists of combining spatial
and spectral information to obtain a better classification.
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We start with the extraction of spectral and spatial
information (Haralick texture features) [12]. Then, we
apply the SVM classification to the result file.

We exploit the properties of Mercer’s kernels to
construct a family of composite kernels that easily

combine spatial and spectral information. The three
different  kernels tested demonstrate enhanced
classification accuracy as compared to traditional

approaches that take into account the spectral information
only, and a flexibility to balance between the spatial and
spectral information in the classifier

This paper is organized as follows. In the second
section, we discuss the extraction of spatial and spectral
information especially the Grey-Level Co-occurrence
Matrix (GLCM) and Haralick texture features used in
experimentations. In section3, we give outlines on the
used classifier: Support Vector Machines (SVM).
Section4 describe the three different composite kernels
used in experimentations. In section5, the results are
presented as well as the stating of numerical evaluation.
Finally, conclusions are given in section6.

[T EXTRACTION OF INFORMATION

2.1 Spectral Information

The most used classification methods for the
multispectral data consider especially the spectral
dimension. The set of spectral values of each pixel is
treated as a vector of attributes which will be directly
employed as entry of the classifier. According to Fauvel
[13] this allows a good classification based on the
spectral signature of each area. However, this does not
take in account the spatial information represented by the
various structures in the image.

2.2 Spatial Information

Information in a remote sensed image can be deduced
based on their textures. A human analyst is able to
distinguish man-made features from natural features in an
image based on the ‘regularity’ of the data. Straight lines
and regular repetitions of features hint at man-made
objects. This spatial information 1is wuseful in
distinguishing the different field in the remote sensed
image.

Many approaches were developed for texture analysis.
According to the processing algorithms, three major
categories, namely, structural, spectral, and statistical
methods are common ways for texture analysis. Grey-
Level Co-occurrence Matrix (GLCM) [14] is one of the
most widely used methods, which is a powerful technique
for measuring texture features; it contains the relative
frequencies of the two neighbouring pixels separated by a
distance on the image.

Haralick assumed that the texture information is
contained in the co-occurrence matrix, and texture
features are calculated from it. A large number of textural
features have been proposed starting with the original
fourteen features described by Haralick et al [15],
however only some of these features are in wide use.
Wezska et al [16] used four of Haralick features. Conners
and Harlow [17] use five features. Conners, Trivedi and
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Harlow [18] introduced two new features which address a
deficiency in the Conners and Harlow set.

We found that the five features used by Conners and
Harlow are commonly used because seen that the
fourteen are much correlated with each other, and that the
five sufficed to give good results in classification [19].

In this work, we have used these five features:
homogeneity (E), contrast (C), correlation (Cor), entropy
(H) and local homogeneity (LH), and co-occurrence
matrices are calculated for four directions: 0°, 45°,
90°and 135° degrees.

Let us recall their definitions:

E=Y Y (M. i)’ )
i
e Tma ) @)
o [iSTk
szélfzzkrwmu—unM0J> ©)
| ]

9
Where 44, and o, are the horizontal mean and the

variance, and £/;and O; are the vertical statistics.

H =33 IM . DlogM . ) @

LH = ZZJ?” )

Each texture measure can create a new band that can
be incorporated with spectral features for classification
purposes.

III SVM CLASSIFICATION

In this section we briefly describe the general
mathematical formulation of SVMs introduced by Vapnik
[20, 21]. Starting from the linearly separable case,
optimal hyperplanes are introduced. Then, the
classification problem is modified to handle non-linearly
separable data and a brief description of multiclass
strategies is given.

3.1 Linear SVM

For a two-class problem in a n-dimensional space R",
we assume that | training samples x; € R", are available
with their corresponding labels yi = +1, S = {(xi, yi) |
i € [1, 1]}. The SVM method consists of finding the
hyperplane that maximizes the margin, i.e., the distance to
the closest training data points for both classes [22].
Noting w € R" as the normal vector of the hyperplane and
b €R as the bias, the hyperplane H, is defined as:

(W,x)+b=0,vxeH, (6)

Where <w, x> is the inner product between w and x. If

x & Hp then f(x) = <w, x>+ b is the distance of x to Hp.

The sign of f corresponds to decision function y = sgn

(f(x)).
Finally, the optimal hyperplane has to maximize the
margin: 2/|w- This is equivalent to minimize |wi/2 and

leads to the following quadratic optimization problem:
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min{wzl N
2

subject to y; (W, X, ) +0) > 1 Vi e [L,1]
For non-linearly separable data, the optimal parameters
(W, b) are found by solving:

mu{vjz +ci'21f;1 (8)

subject toy, (W, ;) +b)>1-&,& >0 Vie[L,l]
Where the constant C control the amount of penalty
and & are slack variables which are introduced to deal

with misclassified samples. This optimization task can be
solved through its Lagrangian dual problem:

| 1 |
max Y a, —EZaiajyiyj<xi,xj>
¢ A i,j=1 (9)

subjectto0 <@, <C  Vielll]

leai y; =0

Finally: B
w=Y ey (10)
The solution Vectorlis a linear combination of some
samples of the training set, whose ¢, is non-zero, called

Support Vectors. The hyperplane decision function can
thus be written as:

|
Y, :sgn(Zyiai<xu,xi>+bj (11
i=1
Where X, is an unseen sample.

3.2 Non-Linear SVM

Using the Kernel Method, we can generalize SVMs to
non-linear decision functions. With this way, the
classification capability is improved. The idea is as
follows. Via a non-linear mapping @, data are mapped
onto a higher dimensional space F:

®:R">F (12)
X > O(X)

The SVM algorithm can now be simply considered
with the following training samples: d(S) ={(d(x,), Yi) |
i€ [1, I]}. It leads to a new version of the hyperplane
decision function where the scalar product is now:
<<D(xi),<D(Xj)>' Hopefully, for some kernels function Kk,

the extra computational cost is reduced to:
(@(x).D(x;)) = k(X;. X)) (13)

The kernel should fulfill
conditions.

With the use of kernels, it is possible to work
implicitly in F while all the computations are done in the
input space. The classical kernels used in remote sensing
are the polynomial kernel and the Gaussian radial basis
function:

kpmy(xi,xj)z[(xi -xj)+1]” (14)

% —x[ ] (15)

function k Mercers’

kgauss (Xi ’ Xj) = CXP[— V4
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3.3 Multiclass SVMs

SVMs are designed to solve binary problems where the
class labels can only take two values: £1. For a remote
sensing application, several classes are usually of interest.
Various approaches have been proposed to address this
problem [23]. They usually combine a set of binary
classifiers. Two main approaches were originally
proposed for a k-classes problem.

e One versus the Rest: k binary classifiers are applied
on each class against the others. Each sample is
assigned to the class with the maximum output.

e Pairwise Classification: k(k —1)/2 binary classifiers

are applied on each pair of classes. Each sample is
assigned to the class getting the highest number of
votes. A vote for a given class is defined as a
classifier assigning the pattern to that class.

IV COMPOSITE KERNELS

In the following section, we present three different
kernel approaches for the joint consideration of spectral
and textural information for multispectral image
classification.

4.1 The Stacked Features Approach

The most commonly adopted approach in multispectral
image classification is to exploit the spectral content of a
pixel (x;). However, performance can be improved by
including both spectral and spatial information in the
classifier. This is usually done by means of the ‘stacked’
approach, in which feature vectors are built from the
concatenation of spectral and spatial features. Note that if
the chosen mapping @ is a transformation of the
concatenation X; = {Xi_spat, Xi-spect), then the corresponding
‘stacked’ kernel matrix is:

k, p =KX, X)) = (@), (x))) (16)
which does not include explicit cross relations between x;.
spa and Xi-spect-

Spect,Spa

4.2 The Direct Summation Kernel

A simple composite kernel combining spectral and
textural information naturally comes from the
concatenation of nonlinear transformations of X;.sp, and
Xispect- L€t US assume two nonlinear transformations ¢, ()

and ¢, ()into Hilbert spaces H; and H,, respectively. Then,
the following transformation can be constructed:
cI)(Xi ) = {@1 (Xi—spect )’ Wz (Xifspa )} (17)

and the corresponding dot product can be -easily
computed as follows:

kO, X)) = (@), (X)) )
= <{(pl (Xi—spect)> ¢2 (Xi—spa )}’ {¢1 (X j—spect )’ (02 (X j—spa )}>

= kspect (Xifspect’ Xj—specl)+ kspa (Xifspa’ Xjfspa)

4.3 The Weighted Summation Kernel

By exploiting properties of Mercer’s kernels, a
composite kernel that balances the spatial and spectral
content in (19) can also be created, as follows:
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k%, %)

i0 7
= IL‘kspect(Xi—spch Xj—spect)+(1 _ﬂ)kspa(xi—spaa Xj—spa)
where p is a positive real-valued free parameter (0 < p <
1), which is tuned in the training process and constitutes a
tradeoff between the spatial and spectral information to
classify a given pixel. This composite kernel allows us to
introduce a priori knowledge in the classifier by
designing specific pu profiles per class, and also allows us
to extract some information from the best tuned p
parameter.
Note that solving the minimization problem in all kinds
of composite kernels requires the same number of
constraints as in the conventional SVM algorithm, and
thus no additional computational efforts are induced in
the presented approaches.

(19)

V EXPERIMENTS

We developed a two stages classification process: the
first one is the extraction of the spatial and spectral
features, so we compute Grey Level Co-occurrence
Matrix (GLCM) to extract Haralick texture features that
we add to spectral information. The second one is the
classification stage; with SVM, a supervised kernel
learning algorithm widely used.We have selected
SVMlight which is an implementation of Support Vector
Machines (SVMs) in C language [24] with composite
kernels.

To use jointly spatial and spectral information, we used
three different kernel approaches presented in section 4;
which are the stacked features approach (16), the direct
summation kernel (18) and the weighted summation
kernel (19).

In the case of the weighted summation kernel, p was
varied in steps of 0.1 in the range [0, 1]. For simplicity
and for illustrative purposes, p was the same for all
classes in our experiments. The penalization factor in the
SVM was tuned in the range C = {10"'... 10"}.

We used the Gaussian RBF kernel (15) (with ¢ =

{107"... 10%}) for the two kernels. kSpect uses a spectral

information while kSp uses Haralick features.

a

Concerning data we have used a multispectral satellite
image (IKONOS) represented in Fig 1 (a), with size 800
by 600 pixels; at the last we will have, for this image 4
131 individuals (pixels) for learn, 4 952 for validation
and 480 000 to classify, divided on six classes (Table 1).

The classification map presented on Fig 1(b), is
obtained when the classification is performed using the
stacked features approach. When the classification is
performed using the direct summation kernel, we obtain
the corresponding classification map which is presented
on Fig 1(c). A visual analysis of classification maps
shows those areas are more homogeneous for the maps
obtained using the direct summation kernel.

TABLE 1.
DIFFERENT CLASSES
Class Train Validation
. Class name
N samples samples
1 Asphalt 1386 978
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2 Green area 480 1034
3 Tree 196 1154
4 Soil 813 954
5 Building 920 688
6 Shadow 336 144

The fusion of the spectral and the spatial features using
the weighted summation kernel give us the classification
map presented on Fig 1(d). The classification map is less
noisy and the classification performances are increased
globally as well as almost all the classes. It matches well
with an urban land cover map in terms of smoothness of
the classes; and it also represents more connected classes.
Table 2 lists the accuracy estimates for the study area, all
models are compared numerically (overall accuracy and
kappa coefficient), and table 3, table 4 and table 5
presents respectively the confusion matrix results for
SVM classification using the stacked features approach
(16), the direct summation kernel (18) and the weighted
summation kernel (19).

In conclusion, composite kernels offer excellent
performance for the classification of multispectral
satellite images by simultaneously exploiting both the
spatial and spectral information.

TABLE 2.
OVERALL ACCURACY (%) OF CLASSIFIED IMAGE
Kappa

Method OA Coefficient
The stacked features 92.13% 0.91

approach
The direct summation 92.38 % 0.92

kernel
The Welghted 92.55% 0.92
summation kernel
VI CONCLUSION

Addressing the classification of high resolution
satellite images from urban areas, we have presented
three different kernel approaches taking simultaneously
the spectral and the spatial information into account (the
spectral values and the Haralick features). The weighted
summation kernel allows a significant improvement of
the classification performances when compared with the
two other approaches.

As perspectives, the workflow of this study can be
used in other remote sensing application, especially, in
rural areas for thematic land cover, and more
sophisticated texture techniques to describe the spatial
structure of the classes.
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(@) (b) (©) (d)
Figl: (a) Original image, (b) Classification Map obtained using the stacked features approach, (c) Classification Map obtained using the direct
summation kernel and (d) Classification Map obtained using the weighted summation kernel.(Asphalt, Green area, Tree, Soil, Building, Shadow)
TABLE 3.

CONFUSION MATRIX RESULTS (%) FOR SVM CLASSIFICATION USING THE STACKED FEATURES APPROACH.
GLOBAL ACCURACY =92.13%

Class name Asphalt Green area Tree Soil Building Shadow
Asphalt 90,12 1,41 3,92 0 2,63 1,92
Green area 1,13 94,99 0 1,08 1,54 1,26
Tree 0,28 1,07 90,82 2,5 2,82 2,51
Soil 4,84 0,95 0 91,87 2,34 0
Building 3,01 1,16 2,69 2,47 90,67 0
Shadow 0,62 0,42 2,57 2,08 0 94,31
TABLE 4.

CONFUSION MATRIX RESULTS (%) FOR SVM CLASSIFICATION USING THE DIRECT SUMMATION KERNEL.
GLOBAL ACCURACY =92.38%

Class name Asphalt Green area Tree Soil Building Shadow
Asphalt 89,93 2,34 0 3,62 2,12 1,99
Green area 1,13 93,27 4,71 0 0,53 0,36
Tree 1,18 2,62 91,22 1,08 0,6 3.3
Soil 0 0,98 0 93,95 5,07 0
Building 6,04 0,46 1,81 0,09 91,58 0,02
Shadow 1,72 0,33 2,26 1,26 0,1 94,33
TABLE S

. CONFUSION MATRIX RESULTS (%) FOR SVM CLASSIFICATION USING THE WEIGHTED SUMMATION KERNEL.
GLOBAL ACCURACY =92.55%

Class name Asphalt Green area Tree Soil Building Shadow
Asphalt 89,36 2,04 1,92 1,5 3,32 1,86
Green area 5,13 92,21 0 1,03 1,54 0,09
Tree 1,18 1,52 93,15 1,92 0,03 2,2
Soil 1,75 1,13 0,64 93,04 3,44 0
Building 1,96 2,78 2,72 0,87 91,67 0
Shadow 0,62 0,32 1,57 1,64 0 95,85
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Abstract—The most common technique in the normalization
of 3D objects is the Principal Component Analysis (PCA).
However, it is well known that the principal axes generated
by the PCA may be different for similar shapes. To
overcome the limitations of the PCA we propose in this
paper a normalization method to give robustness to
remeshing, rotations and reflections of meshed 3D objects.
This method is based on the integration of the mesh volume,
the use of barycentric coordinates and the CPCA
(Continuous Principal Component Analysis).

General Terms—I| mage Processing.

Index Terms—Normalization, PCA, barycentric coor dinates.

I. INTRODUCTION

Duplicating real-world object in a digital environment
was an interesting task for many applications. The quality
of the obtained models was often limited by the capacity
of the existing hardware and software. However, recent
advances in scanning technology and three-dimensional
modeling helped to visualize and manipulate complex
models with ease. 3D objects are usually given in an
arbitrary orientation and scale. To improve the accuracy
of the use of these objects, and more particularly the
search by content systems, a near-normalization treatment
is often necessary. Thus, the normalization of a 3D object
is to orient it correctly in a canonical marker.

The normalization method proposed in this paper aims
at addressing problems related to meshing resolution and

the orientation of the principal axes of normalized objects.

Our method is based on an integration of the mesh
volume [15], using the barycentric coordinates of the
vertex [14] to generate the matrix of moments (order 2).
After generating the matrix of two-order moments, we
apply the PCA [1] of the matrix to define a canonical
marker for the object. At the end, we will consider a
reflection coefficient inspired from the CPCA
(Continuous Principal Component Analysis) [2].

We present in the beginning of this article an overview
on 3D normalization. Next, we describe our proposal to
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standardize a 3D object. At the end of this article we
present our experimental results with a qualitative and
quantitative evaluation of the proposed method.

II A OVERVIEW ON 3D NORMALIZATION

The most commonly used technique for normalization
of a 3D object is based on Principal Component Analysis
(PCA), in which the center of gravity is chosen as the
origin, the size of the bounding box as a scale factor of
the form and the determining canonical axes based on the
calculation of the eigenvalues and eigenvectors of the
covariance matrix of the set of points representing the
object in question. The eigenvalues are sorted in a
descending order, the eigenvectors are chosen on the
basis of this ranking, the first vector is aligned with the
first axis (x), the second with the second axis (y) and the
third vector with the third axis (z) ( Paquet et al). [1].

The PCA has been extended by Vranic et al. [2],
leading to the PCA continues (Continuous Principal
Component Analysis), the proposed approach is more
accurate than traditional ACP (discrete), but it is a little
more expensive in execution time.

Several Normalization approaches have been
developed recently. Ricard et al. [12] proposed a method
to integrate a 3D object without using a discrete
representation but directly from its bounding. Their
method is based on the contour's integration of the object
for generating the moments' matrix; it is robust against
remeshing of 3D objects. The proposed method uses the
discrete PCA, on moments's matrix, with its limitations.

Tedjoknsumo et al. [3] proposed a normalization
method based on bilateral symmetry planes (PSB). In
their method, they calculate the three axes of the PCA
and the three planes normal to its axis. Subsequently,
they consider that the plan ACP generates the smallest
error of symmetry (a feature introduced by the authors).
Then, they pivot this plane around the three axes of
rotation with predefined increments to generate the plane
which minimizes the error of symmetry. After projecting
all the points of the 3D object on this plan, and applying
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PCA 2D on the projected points for generate the first and
second main axes, it turned out that their method is time
consuming due to the procedure of research the planes of
symmetry.

H. Fu et al. [4] presented a solution for detecting the
vertical orientation of the object. Their method is based
on the assumption that most objects in real life are
symmetrical with respect to a plane, but this method is
not appropriate when dealing with deformable shapes.

Chaouch et al. [5] proposed a method based on the
symmetry properties of Minovic et al. [6] by considering
the interesting properties of reflection symmetries of the
PCA. The axes of the PCA are considered and the axes
for initial’s shape are studied. They introduced a measure
for assessing local symmetry of translational invariance
(CILT) whose main objective is to provide optimal
directions (principal axes) for characterization compact
and relevant of the 3D shape. The limitation of this
method it is based on assumptions derived from human
perception.

Yu-Shen et al. [7] proposed a method based on the
LMS (Least Median of Squares) by considering the work
of Fleishman et al. [8] to guide the calculation of the
principal axes of the PCA. The proposed method gives
good results for deformed objects. The main limitation of
this method is that it is sensitive to the density of the
samples.

Recently, as part of a project funded by the National
Science Foundation of China, Chao Wang et al. [9]
proposed a normalization method articulated volumetric
3D shapes. The main contribution of their work can be
summarized in a proposed normalization algorithm to
estimate the location and orientation of articulated 3D
shapes, based on solving a problem using weighted least
squares IRLS (Iteratively Reweighted Least Squares) and
the implicit shape representation (IS-Rep: value
introduced by the authors). A function of articulation
insensitive natural weight is proposed to reduce the
influence of the deformation articulated during the
standardization process. The limitation of this method is
that the orientation of the shape is not clear and is
subjected to a large extent shape deformation.

It appears from this study, that there is currently no
satisfactory method to both the constraints of
normalization's good quality and low complexity.
However, the PCA (and CPCA) remains the most
adopted approach.

IIT THE PROPOSED METHOD

In this paper we suggest a normalization method, based
on barycentric coordinates, inspired from [2, 12, 14, 15,
16]. Using these coordinates to achieve robustness to
rotations and reflections to remeshing of 3D objects.

3.1 Barycentric Coordinates

Definition: we consider a triangle T = <Vy; V,; V3>
non degenerate representing one face of a 3D object, V a
point of the tetrahedron D, composed from T and the
center of gravity of the object. Consider a bi = bi(V) such
as:

©2014 ACADEMY PUBLISHER

V=bV,+bV,+bsV; (1)
With by, b, and b; the barycentric coordinates of V
relative to T.

o

Fig. 1 Tetrahedron built from a surface of a 3D object
Note: The barycentric coordinates for a point V
belonging to D with respect to T are unique. Consider a
V=(x, y, z2)'e R’ and Vi=(y, y;, )€ R’, with i=1,2,3.
Then the system:

Xy X3 X3\ /by X
<y1 Y2 }’3> <b2> = ()’) (2)
zZy 2y Z3/ \bg z

admits a unique solution (since the triangle T is non-
degenerate). Using Cramer's method we obtain:

X X, X3 X, X X3
Yy Y2 Y3 yi Y V3
_lz oz, z3 _lzy z zg
bl = X1 X2 X3 b2 = X1 Xz X3
Vi Y2 Y3 Yi Y2 Y3

X, X, X

yi Y2 ¥

oz z, z

b= xm &
Y1 Y2 V3
Z1 Zz Z3

Theorem 1. Let T = <V;; V,; V3> and TR =
<RV;RV;;RV3> two non-degenerate triangles, with a
diagonal matrix R. is a point of the tetrahedron formed by
the center of gravity of the 3D object and the triangle T.
Let b;, bir, with i=1, 2, 3 ; the barycentric coordinates of
V on T and TR; satisfy the following equation:
bir(RV)=bi(V). (4)

The previous theorem shows that the barycentric
coordinates are invariant under rotation [14].

3.2 Principal of Our Approach

Normalization parameters of the 3D object are
calculated by the integration of the tetrahedra containing
the three points of the faces in addition to the center of
gravity of the object. The geometrical moments of order 1
are coordinates of the center of gravity g of the object.
The alignment is done by calculating the eigenvectors of
the moment’s matrix M (order 2), respecting the logic of
the PCA.

g =Moo MgigMpo1)  (5)

Myoo Miz90 Migq
M=|Mi10 Mozo Mp1q (6)
Mig1 Mo1r Mooz




JOURNAL OF EMERGING TECHNOLOGIES IN WEB INTELLIGENCE, VOL. 6, NO. 1, FEBRUARY 2014 71

[ ]
To ensure the invariance considerations, we compute the
signed distances from the surface of the object for thee
three planes (YOZ) (ZOX) and (XOY) defined as follows,

fe = Jfs sign(p,)lpxlds, , (7)
p =(px Py, Pz) point of meshed 3D objects. e
Ditto for f,, f,

Where, py, py and p, are respectively the projections
of p on the plans (YOZ) (ZOX) and (XOY)
A diagonal matrix defines the reflection matrix:

F = diag(sign(f,), sign(fy),sign(fz)) ®)

3.3 The Calculation of the Geometrical Moments

D; is a tetrahedron compound the points g(0, 0, 0),
Pi(XinYinsZil)s P2(Xiz,YiosZio), P3(Xis,yis.Zi3), the geometrical
moments of order (p+qt+r) can be calculated by
integrating:

My = [, XPydzidxdydz = [, f(x,y,z)dxdydz (9)

With [ f(x,y,z)dxdydz = [, |Ti|f(X,Y,Z)dXdYdZ
And di =<(0,0,0), (1,0,0), (0,1,0), (0,0,1)> is the
orthogonal tetrahedron unit.
Ti is the triangle formed by the points py, p, et p; and X,
Y et Z are the barycentric coordinates of V(x, y, z) with
respect to Ti=<p; ; p»; p3>.

fX,Y,Z) = (xin X+ yinY + 21 2)P(yi X + yi Y +

Zi2Z)1(xi3X + yizY + 2j32)" (10)

The moment of a 3D object can be seen as the sum of the
moments tetrahedra compounds and center of gravity of
the object and the faces of the meshing of the object [15]
[16].

m' o= |Til [ £(X,Y, Z)dXdYdZ(11)

Mpg= z:iN:Tl mipqr (12)
With Ny is the number of faces of the mesh and :

Xi1 X2 X3
[Ti| = |¥ir Viz Vis| (13)
Zin  Zi2 Zj3
therefore
Mzo0 Mi1o Mgy m'zge M'y;p M'yeq
Miso Mozo MOIl:Zi\E m'y;, miy, mig [(14)
Mio1 Mo1r Mooz mio; mig;; migg,

3.4 Evaluation Measure: Rectilinearity Normalized
Objects

Definition 1: A 3D mesh is rectilinear if the angles
between each two faces belong to the set {0, n /2, w, 31/
2} [19].

Definition: For a 3D object mesh (B) consisting of N

triangle {T1, T2, ..., TN}, its measurement of
rectilinearity:
_S®)
Rect(B) = ) (15)
and :
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S(B) = YN, S(T}) is the sum of surfaces of component
triangles of the object..

P(B) =P+ P, + P,

P, =YN,S(Ty) is the sum of the surfaces of the
projections of the triangles Ti on the plane (ZOY).

P, = yN.S (Tiy) is the sum of the surfaces of the
projections of the triangles Ti on the plane (XOZ).

P,=YN S(T,) is the sum of the surfaces of the
projections of the triangles Ti on the plane (XOY).

Fig. 2 Projections of a triangle with respect to the three plans [19]

Theorem 2: A 3D mesh (B) is rectilinear if and only if:
S(B)

Rect(B,a, B,y) = PBapy L for a,B,y € [0,2m]
angles of rotation relative to the planes (ZOY), (XOZ),
(XOY) respectively.
Proof. See [19] page 135.
Theorem 3: For a 3D object meshed (B):

1
— < Rect(B,a,B,y) <1
A (B, o, B,Y)

Proof. See [19] page 136.

IV EXPERIMENTAL RESULTS

The databases we have used for our tests are based on
SHREC'07 [10] and 3D Segmentation Benchmark [17].

SHREC'07 which was created as part of the contest
"3D Shape Retrieval Contests", was used to evaluate
research methods 3D. The database contains 400 models
SHREC'07 triangular mesh in format "OFF" divided into
20 categories (male, glasses, plane ...).

Benchmark "3D Segmentation Benchmark" was
created within the framework of the project "3D Models
And Dynamic Representation And segmentation models"
[18]. The purpose of this benchmark is to provide an
automated tool to evaluate, analyze and compare different
algorithms for automatic segmentation of 3D meshes.

4.1 Qualitative Evaluation

The main advantages of the PCA are its simplicity and
speed. It can be applied to most of the 3D models.

A first limitation of the PCA is that it is not robust to
the deformation of objects. Principal axes generated by
the PCA may be different for similar shapes. This
limitation is illustrated in Figure 3. This figure shows the
results of applying PCA to the object "12.off" [10] before
and after deformation.

To highlight the invariance of the proposed method
compared to deformations, we present in Figure 4, the
results obtained by our method for the same object.
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?F%»#

(d)

Fig. 3 PCA Normalization (b) for object (a), applying a deformation (c)
and normalization after deformation ( d)

0
+ K 4

(¢ (d]

(] (o)

Fig. 4 Barycentric Normalization (b) for object (a), applying a
deformation (c) and normalization after deformation ( d )

The application of PCA on two clouds of points where
the only difference between them is a rotation and / or
translation can lead to the same axis directions PCA but
not necessarily the same direction [13, 11] (Fig. 5).

(c) )y

Fig. 5 Problems related to the axis direction of the ACP for the same
object that has undergone to rotations [12]

Figures 6 and 7 show a comparison between the results
obtained by our method with PCA standard. The object
used is "octopus" [17], with and without the application

of a 120 ° rotation.
) (d)

(a) (b) (c

Fig. 6 PCA Normalization (b) for objet (a), applying a 120° rotation (c)
and normalization after rotation (d)
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% %
(a) (b) (c) (d)

Fig. 7 Barycentric Normalization (b) for objet (a), applying a 120°
rotation (c) and normalization after rotation (d)

The obtained results thus show the invariance of the
proposed method to rotations. Indeed, whatever the angle
of rotation of the initial object is, we obtain, unlike the
PCA, the same direction and ditto for axes direction.

4.2 Evaluation of the Rectilinearity for Normalized
Objects

To quantitatively evaluate our method, we are based on
the criterion of rectilinearity "Rect" presented above. We
used for the parameters, o, B and vy, the following values:
o=n/3, B=n/3 et y=n /3.

Table 1 presents measures of rectilinearity obtained
respectively for an initial object, the object after the
implementation of the PCA and the object after applying
our method. The objects used in this comparison are

extracted from the database [17].
TABLE 1
MEASURING RECTILINEARITY RECT

After

. Barycentric

. Initial After ACP L

Object RECT Normalization Normﬁllzatlo
alie 0,674 0,7047 0,7063
armadillo 0,6701 0,6687 0,6705
boy 0,6873 0,7094 0,7094
bunny 0,6698 0,6631 0,6802
homer 0,6678 0,6952 0,6954
robot 0,6818 0,7294 0,7333
vaselion 0,6655 0,6913 0,6925

The results obtained by our method, for objects: alien,
armadillo, boy, homer, and robot vaselion are almost
similar with respect to PCA. the rectilinearity
measurements obtained for the object "bunny" are
relatively distinct. For this purpose, our method
guarantees more rectilinearity.

V CONCLUSION

Our method can be seen as a hybrid method that is
based on the study made by the the integration of the
mesh volume [15] and adopted by [16, 12], barycentric
coordinates [14] and the CPCA. [2].

Extractiing  (Extracting) the  normaliization's
parameters on the surface of the object is independent of
the choice of the resolution discretization and provides a
normalization independent of the meshing and small
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deformations. Applying the factor of reflection provides
normalized objects independent of any parameter. The
limitation of this method is the computational cost, for
this reason we plan to improve it in order to overcome
this limitation.
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Abstract—The needless of clustering is continually growing.
This fact is due to the huge amount of information daily
stored in the sites web. Those informations must be
classified in order to facilitate their treatment. There are
several methods to classify a set of data; those based on
matching learning are more efficient. Among those systems,
Kohonen algorithm is a useful system because of its famous
proprieties. Some of them will be presented in this paper.
Unfortunately, as other clustering algorithm, it suffersfrom
the following problems:. dependency of the result on the
initialization phase which is performed randomly and the
number of classes is unknown in the beginning. The
overcome of these problems represents a great challenge in
the clustering domain. In the present paper we expose an
approach which allows performing suitably the initialization
phase. This approach consists of conducting a pre
processing phase. In this latter we use a parameter r, we
obtain an idea on distribution of examples. Then the initial
weight vectors are chosen from the area which has a high
density. This allows us to avoid an initialization with the
isolated examples which decrease the performance of the
system. Also we can deter mine approximately the number of
classes. After measuring the quality of clustering obtained
by Kohonen algorithm, we update the parameter r and we
repeat the same process. This latter is arrested when we
obtain a suitable quality of clustering. To show the
performance of this approach, some experiments are
conducted.

General Terms—Clustering, Standard Kohonen algorithm,
Machinelearning; Evaluation

Index Terms—Preprocessing phase, initial code-vectors,
number of clusters, optimization

|. INTRODUCTION

The clustering is an important tool in data mining. It
consists of grouping a set of examples in some cluster.
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This plays a great importance in retrieval research (RI). It
allows reducing the research space focusing on specific
clusters. So the consuming times to access to the desired
information is also reduced. This is more important than
the case while size of the data set is great. Because of the
enormous quantity of information available in tools
communication, this is the case in almost actual situation.
Adopting the matching learning techniques the
performance of classifier are improved. According to the
type of the learning used by the classifier, this latter can
be supervised or unsupervised. In the first case, the class
of the elements of the training set is determined. While in
unsupervised case any information about the class is
known. Among those algorithms the neural network

Kohonen is an efficient algorithm: It has an important

proprieties, among them we present the following:

- It is considered as a tool of reduction of
dimensionality space, because each data will be
associated to a dot in space with a low
dimensionality. So it can be used as a technique
of nonlinear projection and visualization of
inputs as the PCA (Principal component
analysis).

- It resist to noise.

- It is rapid in clustering of the new input.

As the other clustering system, the Kohonen algorithm
suffers of the following drawbacks:

- Difficulty of determination of the suitable
measure distance: In the numerical case (i.e.
when the attributes tack numerical values), the
standard measure is the Euclidian Manhattan
and maximum distance measure. But in the case
of categorical attributes the problem is more
difficult.
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- Structure of database: Real life data may not
always contains clearly identifiable cluster and
contain several outliers.

- The determination of the number of clusters and
the choice of the initial code-vectors are
unknown: Opposite of the supervised case, the

number of class in clustering system is unknown.

Therefore the initial code-vectors are chosen
randomly.

Outlier detection: The objects which are enormously
dissimilar to other data are called outliers inputs. It is
difficult to avoid such elements.

For more detail about the drawbacks of clustering
system we refer the reader to [6].

In our work we focus on issue 2, 3 and 4 because
identifying the number of class is a difficult task, a
correct identification yield to good result. Otherwise a
catastrophe can be expected. So it attracts a great interest
in scientific research. Also the choice of initial clusters
has a great effect in the result of a clustering system.
Those systems choose the k initial cluster randomly. So it
is likely that these classes are not suitable and can contain
several outliers. This can produce empty classes or
classes with few elements.

In this paper aiming to estimate a number of classes

and suitable initial clusters, we conduct a study of data set.

The precision increases during the process. The
remaining of this paper is organized as follows: In section
2 we define the classical Kohonen algorithm. Our
proposed method is introduced in section 3. During each
iteration of the proposed algorithm, we evaluate the
quality of the obtained clustering, so we reserve the
section 4 to present the formula of evaluation. In section
5 we present the result obtained in experimental phase
accompanied with discussion. In the last section we give
a conclusion and some perspectives.

II KOHONEN ALGORITHM

In the literature, Kohonen’s SOM is a well-known and
widely used algorithm in clustering techniques.

The learning process of Self organizing map is based
on a competitive and unsupervised artificial neural
network. It is a clustering algorithm that is used to map
high-dimensional data into a low-dimensional
representation space.

The underlying idea of this algorithm is to project a set
of data called input space on an output space which has a
low dimension (generally 3, 2 or 1). This is performed by
establishing a correspondence between the two spaces.
This latter must preserve the topology of data set i.e. if x
is close to y; f(x) is also close to f(y). This idea is
invented by scientist Tuevo Kohonen in 1975. The goal
of this neural network is to model the brain activity. In
order to realize this task he associates to each vector x
another vector g(x) called the weight of the neuron f(x)
and noted w (f(x) is noted by n, the set of neurons forms a
gird in the output space). Each neuron has a
neighborhood. The weight vector is initialized randomly
and updated using a competitive and unsupervised
learning. This adaptation process can be described as: For
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each presentation of an input X, the index i of the neuron
nearest from x is determined, using the following formula:

d(x,wi)=min(d(x,wj)),lsj< N

Then the weight of the neuron ni and those of its
neighborhood are updating as follows:

w].(t)=wj(t—1)+n(t)ai,g(t)(x—wj(t—l))
w(i)represents a neuron in the neighborhood of the

neuron n;, 1 and o represents respectively the learning

factor and neighborhood function which must decrease
during the process. Indeed, the learning is performed on
two phases; the first is called organization phase. This
latter, because of a high rate learning and extended
neighborhoods, allows deploying map were data are
concentrated. After the learning rate, the size of the
neighborhoods begins to decrease progressively, in order
to conduct a folding of the map. In This phase the weight
converge to some vectors which are approximation of the
inputs. In the literature there exist different definitions of

the parameters n(t) and & o (t) . Among this latter we
find the following:

ﬂ(t)= no—[—%;nrjt if t<n

n, otherwise

1 . . . .
o g(t) i with t is the number of current iteration

To update the neighborhood of neurons some authors
use the following formula:
2
— di'g
202 (t)

Vig (t)=exp

Output Nodes

Input Nodes

Fig 1: A self-organizing map with 25 neurons

11T PROPOSED METHOD

In this section we present with more detail our
approach. As is presented in previous algorithm the
initialization of weight vectors is performed randomly.
The number of initial cluster is also taken randomly. To
overcome some of these difficulties, the searcher used
different strategies. Some existing works hybrid
supervised clustering and unsupervised one [2]. Some
Latter works transform the problem of optimization of the
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architecture of Kohonen map to a problem of linear
programmatic to improve the efficiency of Kohonen
algorithm [4]. Other works are post clustering i.e. they
choose the set of codes which is the partition and which
provides the best partition from a number of alternative
ones [1].

As is reported above a bad initialization leads to bad
result. In this approach in order to initialize suitably
weight vectors, we study the structure of input set. So we
locate the areas where the density is great. Thereby the
initial vector weights are taken from those. Hence we can
remove the outliers and estimate the number of class. In
this approach we propose two phases: the pretreatment
phase and the clustering phase.

Practically, we begin by calculating the distance
between all inputs which will be stored in a matrix
M=(a )i,j
maximum and the minimum in this matrix. Then we fix a
maxM —minM

where aijzd(xi,xj) and we search the

real value ¢, = . After, according to the

nmax

parameter k data set E is divided on many subsets. Each
one of these latter is formed as follow:

E = {Xj /d(x,xj) =< 51}
where x is an element chosen randomly from E. if the
cardinality of E, is equal to m (number of elements in

data set) the first iteration in the pretreatment phase is
achieved. Otherwise, another subset Ey is constructed by

choosing randomly an element yeE\E_ where
Ey = {xj /d(y,x].)-< 81} )

The same process will be applied to
E\E\E, if Equy‘;tm . It is certain that after a

number of steps the process will stop and a number n of
subsets is generated E;,E,,..,E . We have conducted

this phase in order to search the number of neurons in the
map of Kohonen and the initial vector weights. So in the
clustering phase, we turned the basic Kohonen algorithm
with n neurons whose weights are the means

of E; Vie{l,..,n}. According to a measure function, the

quality of the clustering is estimated in order to know the
performance of the algorithm. In this stage we have
generated the first iteration of our algorithm. The next
iterations are performed by changing the value of the

parameter € by
maxM-g,
g, =—————&Lore =
k n k n
max max

a fixed number.
This approach is summarized in figure 1.

e, —minM
k-1 :
——————— where n__ is
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IV ASSESSMENT OF CLUSTERING

The evaluation of a system clustering represents a
major challenge for the searchers. The quality of
classifier is measured by calculating the homogeneity of
classes that are produced and the separation between
them. There exist several indexes which can be used to
measure the quality of clustering. For more information
we refer the reader to [3] [5].

In our work, we have chosen the average silhouette
which is defined by the following formula:

. b(i) —ali)
s(i) = ——
max{a(i), b(i)}
This formula can be written as:
a(i)
1——:,

b(i)

s(i) = 0,
b(i
(_.} - 1.!
ali)

Where: a(i) is the average dissimilarity of xi with all

if a(i) < b(i)
if a(i) = b(i)
if a(i) = b(i)

other data within the same cluster and b(i) is the lowest

average dissimilarity to xi of any such cluster.
We report that: a(i) . More thats(i)is close to 1 more

than xi is correctly classified. In contrast, if s(i) is close

to -1 xi is appropriately clustered. Finally, if this value is
about zero, xi is on the border of two natural clusters.
The definition of Silhouette index doesn’t care into count
the number of classes (n). Since in this work we attempt
to look for a suitable number of classes, we developed a
new index Ni.

(Silhouette) 2

d i =
n ,
*.,Il (ﬁ) + Silhouette
This proposed index establishes a trade-off clustering
quality and the number of classes.

V EXPERIMENTS AND COMMENTARIES

In order to show the performance of our proposed
method, two experiments are performed. In this context
we used the data set IRIS. This latter is widely used is the
quality clustering area. The inputs of this data set are
ranked in three groups and they are characterized by four
components.

In order to find a suitable number of classes we run

several tests according to the parameter ¢ _or a fixed
number of iteration. In this experiment the best number of

classes (s) corresponds to the best clustering quality
according to the proposed criterion.
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-« N nsurons \\ - @ @
» Neuron’s weight is the centroid of
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Fig 1: Summarization of the steps of the proposed algorithm

The following table reports the number of classes find
by the system and clustering performance for different
values of threshold ¢, .

TABLE 1.
OBTAINED NUMBER OF CLUSTERS IN THE PROCESS OF OPTIMIZATION

experiment) and we affect a random initialization to these
neurons. Results of this comparison are stored in Table II.

The proposed method is more powerful than
conventional Kohonen algorithm and this is evident in
Table II where we can see that the quality of result given

maxM —¢ &  —minM by Kohonen classic is bad compared to what we found in
& = — k1 & = e the first experience. We can say that our approach gives a
Mmax Mmax better result which is incomparable with the classical
Number of Proposed Number of | Proposed method.
classes index classes index TABLE 2.
2 0.25 2 025 COMPARISON BETWEEN THE RESULTS OF CLASSICAL KOHONEN AND
’ § THAT OF THE PROPOSED METHOD
3 0,28 3 0,77 . .R.a”.don.“ Silhouetteindex | Proposed index
3 0.77 5 0.77 initialization
Choice 1 0,857 0,735
2 0,25 15 0,69 :
3 0.28 12 07 Choice 2 0,856 0,734
Choice 4 0,905 0, 782
In Table 1 we can see that whenever ¢, is close to Choice 5 0,906 0,784

maxM, the quality of the outputs become good but
whenever ¢, is close to minM, inputs become dispersed

and the system provides a large number of clusters. This
experiment shows that with this method we achieved 0,77
of clustering performance with three clusters which is the
desired number of classes. This satisfactory result proved
the relevance of our approach.

To further investigate the relevance of the method we
compare our results with those of classical Kohonen. In
this latter we are forced to give a number of neurons and
there weights. We built the map of classical Kohonen
with s neurons (where s=3 is the result of the first
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Finally, those experiments show that the proposed
method is able to identify suitable code vectors and give a
number of classes equal to the real one. Therefore it gives
a satisfactory clustering.

VI CONCLUSIVE REMARKS AND FUTURE WORKS

In this work a clustering method based on a clustering
algorithm belonging to the Kohonen Self Organizing map
family has been proposed. Despite its excellent properties
whose some ones are represented above in this paper, the
Kohonen algorithm is widely used in clustering area.
Unfortunately, it suffers from some drawbacks whose
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main stems from its dependency on initialization phase.
In this latter a number of cluster and code vectors are
chosen randomly. So an inappropriate choice leads to a
bad result. In this work, we proposed a method which
aims to overcome this problem by choosing automatically
suitable initial code vectors.

The analysis was performed on dataset IRIS. The
experiments carried show that this method gives good
result and satisfactory rate of clustering.

This is an encouraging result to try to integrate other
parameters and criteria attempting to more improve the
performance of clustering of this method, extend the
analysis to datasets with more samples, implement this
method on other databases, and apply this approach in
other domain as text clustering and opinion meaning.
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Abstract—The automatic programming is an essential phase
in the adaptation of information systems because it allows
the system to advance from its observations on the
environment. The system is formed during the operation by
creating gradually its own ontology of the domain; therefore
it is necessary that the knowledge stored evolve in an
automatic way and during operation without asking a large
participation of the human user. In this sense, this article
aims to analyze the different learning techniques and
process the information relating to the context to which the
objective of choosing the proper technique to the situation in
order to facilitate the storage, access and exploitation of
such information.

Index Terms—Adaptive learning, automatic programming,
scalable system, experimentation, adaptation.

|. INTRODUCTION

The natural disasters shall designate the harmful
effects of a sudden phenomenon, sustainable or intense,
natural or human-caused. It distinguishes any particular
situations including human losses and destruction on a
large scale. In such situations, a reliable information and
a good intervention can decrease the rate of damage it is
for this reason we found several research for the
development of systems of rescue and aid to decision
making for the management of disasters but the particular
problem in the field "decision Support" is that there is of
artificial actors who will interact with a dynamic
environment. In this environment, decision-making must
be based on current state to adapt to the change from the
outside. In this case, the system must be equipped with a
large capacity of the automatic learning which refers to
the analysis and to the implementation of the methods
that allow a machine to evolve and fill the tasks difficult
or impossible to fill by algorithmic means more
conventional.
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II LEARNING

2.1 What is?

In a general sense, learn corresponds to the adaptation
of individuals to their environment. Learn, is to change in
the course of the life to adapt to the environment.
Childhood is the principal period of this adaptation but
the individuals adapt to changes in their environment
throughout their lives. For humans, the environment is
essentially physical, living, social (or cultural), emotional
and technological. What is prepared by the individual
during this adaptation within either of knowledge, either
of the memories.

Learning is a criterion for human adaptation to a
changeable environment but this criterion remains
difficult or impossible to achieve for the conventional
systems of regular or just the need of automatic learning
or learning artificial to give systems the ability to
improve its performance through interactions with the
environment.

2.2 Automatic Learning

The automatic programming (machine Learning in
English), which is one of the sub-domains of artificial
intelligence, has for objective to extract and automatically
exploit the information present in a set of data. This is the
scientific discipline concerned for the development,
analysis and implementation of automation methods
which allow you to a machine (in the broad sense) to
evolve through a process of learning, and thus to fulfill
the tasks that it is difficult or impossible to fill by
algorithmic means more conventional.

III ADAPTATIF SYSTEM

Our goal is create a system for the management of
natural disasters which is a difficult mission view the
amount of data non-structured and distributed that
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receives the system and the contents of the data provides
a rich source of information that needs to be maintained,
filter and organized to allow an efficient use of the
objective to offer a solution or an appropriate action.

The establishment of such a system means the plunge
in a dynamic environment where there are many
dangerous situations that require a response adequate to
perform it is for this reason our studies seek mechanisms
to identify these situations and he proposed the actions to
be taken to get by with less damage and all of this will be
to base of learning for power to the system to adapt to the
course of its exchanges with the environment in order to

aim at any time to the appropriate function. The general
operation of the system follows the following steps: (Figl)

As it is stated before the operation of the
system follows three essential steps that allow the system
to be scalable. These steps are to adapt according to the
situation encountered in passing of the virtual state to the
state concrete which is made following an actual event
gives: it creates an instance of the system by the
definition of the disaster, its category according to
comments (usually data) and the services offered. This
instance adapted must be saved for it to be reusable in
other similar cases subject to several learning techniques
and do the update for self-improvement.

| (@E

Analyse/contraint

X

|'@

Adaptation

MO P WWmem- 2m&E"" B

N
\'-\ \"
3 @

Fig 1: The steps of the operation of the system

IV COMPARATIVE STUDY OF TECHNIQUES FOR LEARNING

The problem of decision in the case of relief is a
complex problem and in this case, the programming of
the system (to learn how to adapt with a situation face)
must meet several requirements: interactive, narratives,
online, manipulate not only the quantitative data but still
qualitative parameters. Even, we must partition our
decision problem into several sub problems and apply
other learning algorithms to each, based on its particular
characteristics.

There are several algorithms for programming
different: network of neuron, decision tree, Bayesian
network ... Each, with its model of decision, is granted
with the types of problem and the different types of
application. Our system intervenes in the different
situations and to ensure an effective use, we propose to
choose and adapt the learning algorithm according to the
situation encountered at base of its constraints and the
degree of its compatibility with the different techniques
in order to make the right choice. To do this, we will do a
comparative study following which allows us to deduct
and choose the suitable technique.
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Below, we examine the adaptability of a few
algorithms of learning common to the requirements of
our problem:

4.1 Decision Tree

Set of rules to classify based on tests associated with
attributes, organized as a tree. A tool to help in the
decision which represents the situation more or less
complex to which we must face in the graphic form of a
shaft in such a manner as to show at the end of each
branch the different possible results depending on the
decisions taken at each step.

4.1.1 Advantage:

The decision tree is a technique very popular and
usable views its simplicity and its benefits:

. The results of the shaft is
easily interpretable

e It is a model easily programmable to assign new
individuals

e  CART" Classification And Regression Trees"
allows the use of variables of all types ( Continuous,
discrete, categorical)

explicit and
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e  Treatment of a large number of explanatory
variables for subdividing the individuals in heterogeneous
groups (classes)

e  The decision rules are simple

e Little disturbance of individuals
extremes because the results are isolated in small sheets.

4.1.2 Disadvantage

Even if this technique has many advantages but it also
has disadvantages which are:

e  Use of variables not simultaneous but sequential.

e  "Butterfly Effect" =» change a variable in the
shaft, while the shaft changes.

e  Use of heuristic rules : a method that provides
rapidly (in temps polynomial) a workable solution, not
necessarily optimal, for a problem ofoptimisation NP-
difficile.

e Time extensive calculations (the search for
criteria of division and pruning).

4.2 Neural Network

Network of neuronesest is a calculation model whose
design is very schematically inspired of the functioning
of biological neurons. The neural networks are usually
optimized by methods of learning of probabilistic type, in
particular Bayesian filtering. They are placed in a share in
the family of statistical applications. The neural network
works with real numbers, the response reflects a
probability of certainty.

4.2.1 Advantage

e  Ability to represent any function, linear or not,
simple or complex.

e  The learning from examples representative, by
"retro propagation of Errors". The learning (or
construction of the model) is automatic

e  Resistance to noise or the lack of reliability of
the data.

e Simple to handle, much less work staff to
provide that in the statistical analysis classic. > Behavior
is less bad in case of low amount of data.

e  For the novice user, the idea of learning is more
simple to understand that the complexities of statistics
multi variables.

4.2.2 Disadvantage

e  The neural network does not always provide rule
of exploitable by a human.

e Jtdoes not fit the requirement "explanatory
memorandum" because it does not provide justification
easy to interpret.

e  The absence of systematic method for defining
the best network topology and the number of neurons to
place in the (or the layer(s) hidden(s).

e The choice of the initial values of the weights of
the network and the adjustment of thenot of
learning which play an important role in the speed of
convergence.
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4.3 Bayesian Network

In computer science and statistics, the Bayesian
network is a graphical model probabilistic representative
of random variables in the form of a directed graph
acyclic. Intuitively, they are at once: models of
knowledge representation and of machines to calculate
the conditional probabilities. For a given domain, it
describes the causal relationships between variables of
interest by a graph.

4.3.1 Advantage

The Bayesian Networks are often used, since they
have not bad advantages compared to other techniques.

e  The Bayesian Networks can represent intuitively
an area of knowledge, a lot of experiences show that it is
often easier to formalize the knowledge in the form of a
causal graph that in the form of a system based on the
rules.

e  The Bayesian Networks can manage the set of
incomplete data. And more the Bayesian networks allow
you to learn the causal relationship which can help us to
make decisions.

4.3.2 Disadvantage:

The observation of a cause or of several causes does
not lead systematically the effect or the effects that
depend on them, but only modifies the probability of the
observed so this technique is not interactive. This
technique may not respond well to changes in the
environment and in this case, the relief cannot be
guaranteed on time.

V PROPOSED SOLUTION

From the point of view of the situations being
addressed and view the advantages and
disadvantages of each technique, we present the above
tables or we have grouped our needs the acquisition,
representation and use of knowledge. The representation
adopted for this comparison is the following:

"Each line corresponds to a characteristic or need,
which can be an advantage, or the taking into account of
a given problem.

"If the technique considered allows to take into
account this problem, or has the advantage, a + sign is
placed in the corresponding box.

"A signed * is place in the box of the best technique from
the point of view of the characteristic considered.

TABLEI.
ACQUISITION OF GIVEN
Neural .. Bayesian
Decision Tree
Network Network
Data only
Joint * +
Incremental + *
Incomplete 4 *
Data
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TABLE2.
REPRESENTATION
Neural Decision Bayesian
Network Tree Network
Uncertainty *
Readable + *
Easy + *
Homogeneity *
TABLE3.
USE
Neural .. Bayesian
Network Decision Tree Ne}‘;work
Queries "
developed
Economic + "
Utility
Performance *

The disasters are different situations to ensure a
perfect functioning we propose to adapt the technique of
learning according to the criteria presented previously.
The adaptation will be through the automatic choice of
the best technique which is represented by the star" *
" and in the case where there are multiple criterion we
will do a combination between the degree of satisfaction

(+,%).
CONCLUSIONS AND PROSPECTS

In general, the problem of the aid to decision is a
complex problem, because of its characters. The system
operates in the environment which changed a lot, it must
confront with the altered situations or urgent, there are a
lot of parameters and criteria to meet. The system of
"simulation of relief" is able to learn the way to make the
decision of the user to support the user in other
situations. Usually, it must be split into several sub-
problems and apply a particular algorithm for each.

The algorithm must satisfy several requirements:
interactive, explanatory memorandum, online,
"manipulate not only the quantitative data but still
qualitative parameters". After the analysis of a few
techniques we found that the use of adaptive learning is a
proposal capable for having the best solution. But of
course, it is good only with a part of the problem of
general relief: that is the type of sub-problem as the
ambulance rescueth them the victim or the fireman get rid
fire ...

It has already used the character of the understanding
to make the learning for a system which can approach to
the capacity of human learning.
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The search is still maintained in order to make a
complete algorithm to give the possibility to a system to
react as the human brain and putting as perspective the
study of a method of classification of any type of a
natural disaster and also the dangerous situations and
criticism.
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Abstract—In this paper, we are focused on characters
recognition, for this we present a comparison between the
Krawtchouk Invariant Moment (KIM) and the Pseudo
Zernike Invariant Moment (PZIM) for the recognition of
printed Arabic characters (translated, rotated and
contaminated by noise). In the preprocessing phase, we use
the thresholding technique, and in the lear ning-classification
phases, we use the supports vectors machines (SVM).The
simulation results demonstrates that the KIM method gives
more significant results that the PZIM for each Arabic
character.

Index Terms—Recognition, Printed Arabic characters,
Krawtchouk invariant moments, Pseudo Zernike invariant
moments, Support vectors machines.

|. INTRODUCTION

In the pattern recognition many mathematical tools
used to extract the primitives from pattern such the
moments [1,2], and to train and classify these patterns
such a support vector machines (SVM) [3,4].

In fact the moments are efficient methods to extract the
primitives from the images that can be learned and
classified by the SVM method. In this paper we are
focused on the comparison between the performance of
the KIM and the PZIM in the recognition of noisy printed
Arabic characters. In the preprocessing of the images,
representing each character, we use the thresholding
technique and in the extraction phase of the primitives,
we use the KIM [5] and the PZIM [6] which are used to
transform the images to the vectors. The transformed
images are used as classes of a SVM in the training phase
and then for classify the images at the test phase. We
describe our processes of recognitions as follow : In the
learning phase we use the SVM method, whose the
strategy is one against all for optimally separating each
image (which modeled by a class characterized by a label
which equal to 1) of the learning base to the rest of the
other images that is modeled by another class
characterized by a label which equal to 1.This separation
(maximizing the margin between two classes) is therefore
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creating a decision function separating these 2 classes.
We have 28 numerals each of them will be used as a class
with a label which equal to 1 and the rest of the other
characters will be fully accrued in another class with
opposite label which equal to -1. So we built 28 decision
functions each of them separating a pair of classes (land-
1) among the 28 pairs. In the classification phase, we
calculate the image of the vector which models the
character test preprocessed translated, rotated containing
a noise by all 28 decisions functions, the recognition will
be given to the character whose decision function
separating its classes to another class containing the rest
of the other character s which gives the largest value
among all the calculated values of the 28 images of the
test.

In this paper, we present firstly the technique of the
Images preprocessing that we used, then we describe the
process of extracting of primitives from images by the
KIM and the PZIM then we will deduce the performances
of those moments with using the SVM in the learning and
classification phases.

II THE PROPOSED SYSTEM

Test - ) —
’ Pl'epmes;mg _'annnemmmu Classifeation | Recopiton
model ( Thresholding ) (KIM/PZIM) (svm)
Recoguition
Learmin
Luaniyy : Priies Teani
’ Preprocessing exfraction) eaning
model { Thresholding ) —* (KIM{PZIM) —¥ (s

Figl: The proposed system for Arabic characters recognition.

III THE PRE-PROCESSING

Before proceeding to the character recognition, it
should be to preprocessing the images of these characters
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for to eliminate as much as possible the noise.existed in
the images. In our approach, we preprocess the images by
a thresholding technique which makes the images contain
only black and white according a preset threshold.

IV THE PHASE OF PRIMITIVES EXTRACTION

4.1 The Krawtchouk Moments

4.1.1 The Krawtchouk polynomials
The definition of n-th order of classical krawtchouk
polynomial is defined as:

N
1
Kn (Xa 0} N) = Zak,n,pxk = Fl (—n,—X,—N; B)
k=0
Where

1)
=0,0,2..N,N =0, pe [0,1]

, F, is the hyper geometric function[7], defined as :

= (a), (b), x*
,F.(a,b;c;x) = kZ::O( zé§k)k K1 2)

And (@), is the pochhammer symbol (also rising
factorial) defined by:

(a), =a(a+1)..(a+k-1)=

I'(a+ k)
r'(a) ©)
The I function is defined by:

T(x) = It“e"dt
0

(4A)nd :Vne N, T'(n+1)=n!
The set of (N+1) Krawtchouk
polynomials{k (XN} forms a  complete set of discrete
basis functions with weight function:

w(x;p,N) = (Y )p - p)"-

and satisfies the orthogonality condition:
N
2 W pNK X pNK (RN = RNG, (o)
%0
Where

©)

:m,n=20,1,2..N,and p(n; p,N)

Is the squared norm, which is given by:

n 1 - Pin n!
n;p,N)=(-1
pMipN) = (DD -
And O nm 18 the Kronecker symbol defined by
if n=m
o = 1
nm { 0 others (8)

4.1.2 The Krawtchouk moments
The Krawtchouk moments have the interesting
property of being able to extract local features of an

image. The krawtchouk moments of order (N+IM) in

terms of weighted krawtchouk polynomials, for an image
with intensity function, f(XY) is given by:
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Z

-1M-1 -

Z K, (X p,,N
y=0

The NxM is the number of pixels of an image

f(XY) .The set

N=DK, (3p,M=DFY) (9

]
=)

X:

of weighted Krawtchouk polynomials Kn()g Ny is

defined by :

- ko WO
Ko(x;p,N) =K, (x;p,N) p(x;p,N) (10)

4.1.3 The Krawtchouk invariants moments
The geometric moments [8,9]of an image f(XY) is

defined by :

N-1M -1
M nmzz Z Xnymf(x,y) (11)
x=0 y=0

Then the standard set of geometric moment invariants
which are independent to rotation, scaling and translation
can be written as:

N-1M-1I - - . n
- M O—Oyz Z [(X—X) cos @+ (y— y)sin 0]

x=0 y=0
*[(y - y)cos 0(x— x)sin 01" f(x,y) (12)
n+m N M, -

+1, x =—D—, y =0
MOU

Where: y =

1 2Uu
0 = —arctg ——1L
2 20 ~ Hp (13)

And u . are the central moments defined in as:

-1 M -1

:unm=zz(x_x) (y

Xx=0 y=0

)m f(x,y) (14)

The krawtchouk moment invariant is :

Qm =Q ZZ Qinp@ime Vi (15
Q.. =[p(n;p,N —1)-P(m; p.,M =11 (16)
With -V = ioqzio('p)( D B )
And :(§)=y!(xx—iy)! (18)

For each character, the values calculated by the
krawtchouk invariant moments are used as a
vectors which will be considered as a class of a
SVM which’s making in the characters recognition.

4.2 The Pseudo Zernike Moments

For a image T(%Y) the pseudo-Zernike moment of
order n and repetition m is given by:

N-1M -1

Am=2 2 FOCHVIOGY) )
* _ jm arctan( y/X)
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"ED2E +y?) 2 2n+1-9)

And: Ry (% y) = ; si(n=[m - 9!(n+|m+1+9) D

x*+y? <1

where and the symbol * denotes the
complex conjugate operator.
4.2.1 The pseudo Zernike invariants moments

The pseudo-Zernike moment is invariant under
rotation but sensitive to translation and scale. Therefore a
normalization must be done of this moments.

foay) = foe 2 ye 2 22)

where (x, y) being centered of pattern
function f(x y) and
a=(f/M,,)"* , g isapredetermined value for the

number

of object points in the pattern.

We note that The KIM formula is more complex than that
of the PZIM.

V THE LEARNING PHASE

5.1 Principle of Functioning between Two Classes of the
SVM

5.1.1 Linear case
Given a set of vectors X € R" n is the dimension of

the vector space and two classes. The first class
containing a party of these vectors and bears the label
1,the second class contains the other party of vectors
and bears the label -1.the goal of SVM [10] is to find a
classifier ~that will separate these classes and
maximize the distance between them. This classifier is
called hyperplane (see figure 2)

Class 1 | Orptimaal
. 4 haperplame
- (]
-
" - o
;:_;H’ — | - LTS T Tp——
-
-
- , -—
- | x
Cass =
Ao
maarmin

Fig 2: determination of optimal hyperplane, vectors supports, maximum
marge and valid hyperplane.

The nearest points which alone are used for
determination of hyperplane are called support vectors.
The property of SVM is that this hyperplane must be
optimal that is to say it must maximize the distance
between the supports vectors of a class and those of the
other class.The classifier is represented by :

f(x,w,b):x = vy (23)
Where w and b are the parameters of the classifier y is the
label.

5.1.2 Theprimal/dual problems
5.1.3 Theprimal problem

For to maxim the distance between the supports
vectors of a class and those of the other class, we
must to solve a problem of minimization under the
constraints called the primal problem:
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Such that Z a,y, =

To minimize P(w,b) = ;—”W ”2 (24)

Such that y . (wx
5.1.4 Thedual problem

To simplify the calculations, it is necessary to
introduce a formulation called dual of the problem by
using the Lagrangian operator L

+ b)>1

L(w,b,a) = Wl = X e[y, (wx, +b) —1] o)

The dual variables ¢; intervening in the Lagrangian are

called Lagrange multipliers. The dual problem is:

To maximize D(a) = Z a, - %z Z a0,y %X
i=1

i=l i=l

0 @ 20, Vi=12..n
i=1

(26)

Only the OE corresponding to points nearest to

hyperplane is nonzero, we speak of support vectors. The
decision function associated is:

n
f(x) =Y a/yx,.x+b 27)
i=1
5.1.5 Non linear case
In the linear case (see figure 3), the classification of

data is easy, but in the nonlinear case the representation

space R" must be transformed to a other space of
higher dimension is called space of re-description R P
(p>n), this transformation is carried by virtue a
special functions called the kernel functions:
K:R"XR" > RP p>=n

(X, X ) = K (X, x;)

(28)

- '
Class 1

Class =

Fig 3: nonlinear separation between class 1 and class 2.

/ Class 2

Class 2

Class 1 o c —

Class 1

Fig 4: transformation of original data space to a re-description space.

We must solve therefore:

. n 1
To maximize D(¢r) = Zzloq _Ez’j LANANCRY

Zaiyizo

i=1
0<a,<C , Vi=1,2,.., n

The parameter C which appears here is a positive
constant fixed in advance, it’s called the penalty constant.
The decision function has the form:

Such that 29)
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n
f(x) => ay,K(x,%x.)+b (30)
i=1
Some example of the kernel functions:
Kernel linear Xy
Kernel polynomial of degree n (axy + b) n

Gaussian Radial Basis s
Function(GRBF): e 20 *

5.2 Principle of Functioning between a Several Classes
of the SYMs

The method described above is designed for two
classes problem many studies treat a generalization of
this method to multi-classification classes [11] among
these studies we cite the two most frequently used
strategies: The first approach is to use N decision
functions (one against t all) allowing to make the
discrimination of each class against all others. The
decision rule used in this case is usually the maximum
such that we assign an unknown vector x into the class
associated with the output of SVM is the largest:

i = arg max( f,(x))

N

i=1,2 ..,
(31D
The second method called one against one Instead of
learning N decision functions, each class is discriminated
against another So N(N-1) decision functions are learned

2
and each of them performs a voting for the assignment of
a new unknown vector X. its class then becomes the
majority class after the vote.
In our work, We use the kernel function GRBF with

the standard deviationo = 0.2 and the penalty constant:

C=10".

VI THE CLASSIFICATION PHASE

After having built the 28 decision functions between
the 28 pairs of classes in the learning phase by the
strategy of(one against all) we calculate the values of the
images vector modeling the character test by all the 28
decision functions the recognition will be given to the
character whose decision function separating its class to
another class containing the rest of the other characters
which gives the largest value among all calculated values
of the 28 images of the test.

VII EXPEREMENTS AND RESULTS

We choose the size image 50x50. Each character was
converted to vector of 7 components which are the
KIM/PZIM that used as: a class having a label that is
equal to 1, and the rest of all the other vectors modeling
the other characters can be used. The separation of the 28
pairs of two classes by the construction of the 28 decision
functions is fact by the strategy of one against all. First
we present the test character translated, rotated...and not
containing a noise, then we add increasingly an quantity
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of noise of type ‘salt & pepper* for to know the effect of
noise added on the rate recognition of each character, for
each moment. We choose the parameters of the KIM
equals to: p=gq=0.96. For each test character noisy,
translated, rotated...The noise used is of type ‘salt &
pepper’, its values are: [0,0.01,0.02, 0.03, 0.04 ,0.05,0.06,
0.07,0.08, 0.09,0.1,0.11,0.12,0.13,0.14,0.15,0.16,
017,0.18, 0.19, 0.2]. We group the results obtained in the
following tables:

TABLE 1:

THE RECOGNITION RATE OF EACH ARABIC CHARACTER.
Character 7, (PZIM) 7, (KIM)
i 39% 100%
- 48% 100%
& 58% 58%
& 81% 96%
z 29% 34%
z 34% 72%
¢ 29% 72%
2 29% 100%
3 48% 100%
B 100% 100%
B 62% 100%
o 29% 34%
S 100% 68%
U 20% 39%
U 34% 48%
L 100% 29%
L 43%, 39%
¢ 39% 58%
¢ 68% 34%
Ca 53% 81%
S 100% 100%
& 100% 100%
J 81% 100%
a 20% 100%
o 100% 100%
5 34% 39%
s 48% 100%
¢ 29% 100%
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TABLE 2 :
THE VARIATION OF THE GLOBAL RECOGNITION RATE IN FUNCTION OF
NOISE ADDED. AND THE ASSOCIATED GRAPH

Noise
T 4 (PZIM) T4 (KIM)

20 100% 100 %
0.01 100% 100%
0.02 100% 100%
0.03 100% 100%
0.04 93% 100%
0.05 93% 97%
0.06 75% 86%
0.07 65% 75%
0.08 58% 75%
0.09 54% 72%
0.10 43% 72%
0.11 40% 65%
0.12 36% 65%
0.13 36% 61%
0.14 33% 54%
0.15 33% 54%
0.16 33% 54%
0.17 25% 50%
0.18 25% 50%
0.19 25% 50%
0.20 25% 47%

[ : - —
e —
0.8
07|
06}

05}

04}

0.3t

0.2 | ' ' ! ! ' ! ! L Naise
“o 0.02 0.04 0.06 0.08 0.1 012 0.14 0.16 0.18 0.2

Fig 5: Evolution of global rate recognition T g of the PZIM and the
KIM in function of noise added.
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For two moments, the global rate recognition is a
decreasing function according to noise added, but the
important remark is that the falling of this rate of the
PZIM is greater than the rate of the KIM, this that we
check that the KIM is more robust than the PZIM against
noise.

VIII CONCLUSION

In this paper we have concentrated on character
recognition of noisy Arabic characters. The results, shows
that reliable recognition is possible using a thresholding
technique in the preprocessing phase and the invariants
moments of Krawtchouk and those of pseudo Zernike in
the primitives’ extraction phase and the SVMs in the
learning and the classification phase. The simulation
result demonstrates that the KIM is more robust and more
performing than the PZIM, despite the fact that the
recognition time of the KIM is greater than that of the
PZIM.
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Abstract—This paper presents a new approach to be used
for people detection and tracking in image sequences based
on color control points and skin color modeling. This
method aims to track these people in complex situations
such as playerson a soccer field. Each person in theimageis
represented by several control points which are obtained
using a color version of the Harris algorithm detector. Each
control point ischaracterized by the local appearance which
is a vector of local characteristics. Then we determine the
rules that define the skin regions in three different color
spaces such as RGB, HSV and YCbCr, and we apply these
rules to our images to segment skin regions. Using a set of
control points and skin regions allows us to track a person
by matching control points based on the measure of ZNCC
correlation «Zero mean Normalized Cross Correlation».
The simulations and experimental results show the
robustness of our algorithms in terms of stability and
convergence. Performance is illustrated by some examples.
Thus, our method fitswell with the noise conditions.

Index Terms—Color Control Points, Skin Color,
Appearance Model, Matching, People Detection, People
Tracking.

|. INTRODUCTION

Detecting and tracking people in image sequences is a
difficult task for several reasons namely the complex
movements of people followed, the human body is highly
articulated, the illumination of the scene changes can
result in non-consistency pixel values representing a
person, as well as image noise and phenomenon of
occlusion (the person itself, with the other moving
objects or objects in the background). However, the use
of people tracking is pertinent in many applications of
computer vision such as human-computer interaction,
civil and military surveillance, video conferencing or
analysis of human movement.

In its simplest form, tracking can be defined as the
problem of estimating the trajectory of an object in the
image plane as it moves around a scene. A large number
of tracking methods have been proposed; in fact most of
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them are based on region segmentation [16, 17] or people
tracking based on the subtraction of the background [1]
which simplifies subsequent processing by locating
regions of interest in the image from a model of the
environment and an observation. We also find algorithms
that are based on the extraction of contours with a particle
filtering using color information or a filter Calman [2, 3,
18, 21] or tracking based on mean shift [13, 19]. Other
algorithms are based on active contours [20] or
normalized cross correlation and color space [22, 23],
optical flow [24].

Or algorithms which using a variable search window
(VSW) algorithm based on color and feature points is
proposed [28].

Recently, Gouet and Lameyre [14, 25] presented a
tracker that uses control points and Snacks but with
images in grayscale and for a single object in the scene.
However, to the best of our knowledge, there papers [26,
31] presents a new approach for tracking objects in
complex situations using color interest points
characterized both by local descriptors and by a
geometric model.

In this work, we are interested in tracking people in
image sequences, or more specifically to track a certain
number of points detected on these people; the main
purpose is to reduce the maximum information of an
image in some control points and some skin regions.
Thus, a person is represented by several control points
which are obtained with a color version of the Harris
algorithm detector [4, 33]. Each control point is
characterized by its local appearance which is a vector of
local characteristics. Then we determine the rules that
define the skin regions in three different color spaces
such as RGB, HSV and YCbCr, and we apply these rules
to our images to segment skin regions. Using a set of
control points allows us to track a person by matching
control points from image to image based on the measure
of ZNCC correlation «Zero mean Normalized Cross
Correlation» [9, 34, 35].
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The main contribution of our method is to track
multiple people in a color video sequence containing
complex scenes where people can have different size.
Indeed, the combination of these two primitives will
develop a tracking method implementing the time
parameter and quality of tracking. However, skin color is
a primitive often used as a first estimate of location and
segmentation to reduce the search area. The color
information is clearly relevant to the presence of people
in video since they are very specific and allow fast
algorithms invariant to changes in orientation and scale.
The strong point of this method is that it is possible to
achieve a more robust tracking by using only one of the
two primitives considered i.e. if one of the two failed, it is
possible to keep track of a person using the other and vice
versa.

Figure 1 explains our treatment procedure for detection
and tracking people in image sequences:

Video flux

v !

Detecting Color
Control Points
By Harris

Research regions skin
in the RGB-HSV-
YCbCr color space

v

People detected
(see Algorithm 1)

v

Search for matches between the control points by
ZNCC

v

Regularization of control points by RANSAC
function

v

Combination of the best matches detected and
regions skin found

People tracked
(see algorithm 2)

Figl: Procedure for detection and tracking people.

This paper is organized as follows: in section 2 we
describe the tracking tools, namely skin color detection,
color version of Harris detector, and matching. In section
3, we present our proposed tracking system. In section 4,
we show the results of our experiment. In section 5 we
conclude with a summary.

II TRACKING TOOLS

2.1 Skin color Detection

The skin detection is to detect the pixels corresponding
to human skin in a color image; including methods of

©2014 ACADEMY PUBLISHER

detecting skin color are the explicit methods [5, 6, 12].
However, the skin color can be presented in different
color spaces such as:

. RGB Space: This color space combines three
color components (red, green and blue), it not
need any model of skin and no color
transformation [10, 15]. The threshold applied in
this space is defined as: (RGB) is classified as a
skin color pixel if:

(R>95) and (G>40) and (B>20) and (((max{R, G, B})-
(min{R, G, B}))>15) and (ABS(R-G)>15) and
(R>G)and (R>B)

e))

o YCDbCr space: In this space there is Y
represents the luminance and Cb Cr represent the
two components of chrominance (Blue and Red).
This space separates the luminance and
chrominance making YCbCr attractive for
modeling the skin color [15]. The threshold in
this area is as follows:

77 <= Cb<=127
133<=Cr<=173 2)

. HSV space(Hue, Saturation, value): Hue
defines the dominant color in a region. The
saturation of the color measurement of a region
in proportion to its shine. The highlight of the
use of this color space is the discrimination
between the luminance and chrominance [15].
The Threshold in this region is as follows:
[11]:

0<H <£0.5

0.17 < S <0.63 (3)

However, we can make a hybridization of two or more
spaces to have good results.

2.2 Color Harris Detector

Control points are the locations of an image which
contain the maximum information, there are involved in
many applications, like stereovision, image retrieval or
scene monitoring. Several control points detectors have
been developed over the last two decades. Schmid and
Mohr [7] compare the performance of several of them.
The most popular control point detector is the Harris
detector [8] with its adaptations [27, 29, 30]. While this
detector only applies to grayscale images, Montesinos et
al. [4] generalized it to color images. The control points
produced by their detector are defined as the positive
local extrema of the intermediate grayscale image.

R(X,y) =det(M(x,y))-k-tracaM(x,y))*  (4)
Where k is typically set to 0.04 and MCOW(X, Y)is the
2 X 2 matrix.

M - R +G. +B; RR+GG +BB,| (5
@ 'RR+GG,+BB, R +G,+B
With R, G and B are three components such as Red,
Green, and Blue.

After the matrix calculation Mc,,, for each pixel, we
eliminate the values that are lower to a single modifiable
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of response R and we make the extraction of the local
maxima.

According to the comparisons made by Gouet and
Boujmaa [32], the above detector appears to be the most
stable among the popular color control points detectors
with regard to illumination changes, noise with a
Gaussian filter, rotation, and viewpoint changes.

2.3 Matching

Matching correlation ZNCC "Zero mean Normalized
Cross Correlation" or centered normalized correlation [9,
34, 35] allows measuring the similarity of pixels between
the two images by calculating the correlation between
two windows. It provides a measure of the interval [-1, 1],
the similarity between two points X and Y is high when
ZNCC(X,Y) approaches to 1.

In the practice, we set a threshold S (in general S=0.5)

such as the couples(X, Y) are considered the true

correspondents if the following constraint is satisfied:
ZNCC (X,Y)>s (6)

This function uses the following formula to measure
the correlation between the points of images:

n

> (x, - 7)(% - \7)
NCC (XY = = —
V3 X5 6-7) %)
With: - X =(x)_ , and Y :(Yi )i:l...n the

coordinates of points X and Y.
- X and Y are the averages of X and

Y respectively such as:

n

2 X

i=1

X =il | g

n n

III TRACKING SYSTEM

The purpose of the proposed system is to track people
in a color video sequence, for each image we apply the
color Harris detector to extract the control points. Then
we determine the rules that define the regions of the skin
in three color spaces RGB, HSV and YCbCr and apply
these rules to our images to segment skin regions. To
keep track of people we are looking for connections
between these points, calling the measure of correlation
ZNCC.

The purpose of the proposed system is to track persons
from frame to frame, for each image we use the Harris
detector to extract color control points. Then we
determine the rules that define the areas of the skin in
three different color spaces RGB, HSV and YCbCr and
apply these rules to our images to segment skin regions.
To keep track of people we are looking for connections
between these points, calling the measure of correlation
ZNCC.

However, each control point is characterized by a
vector containing some local attributes, it consists of
three channels r, g and b plus Gaussian derivatives
r-0,,0,,r,,9,,b, , and we also add the local

Cornerness R given by equation (4).
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So, we characterize each control point j in frame n by
the vector following characteristics:

Vi(n)=(r.g.b.r,.g,.b,.r,.g,.b,.R) (¥

A person p in image n is then modeled by:

VP =4, (n)/j=1.., P(m} O

Where P(n) is the number of control points.

The basic problem is to find for each control point
ie{l,...,P(n=1)} with P(n—1) the number of control
points detected in the image n—1, the best control point j
which is corresponding with je {l,...,P(n)} where
P(n) the number of control points for the image n. The
search party is local and occurs in an area of research for
the control point i is calculated all the correlation values
on the corresponding epipolar line in the other image, the
control point associated with the highest score is selected
as appropriate (see figure 2).

. /.jl

Fig2: Correlation windows

The  degree of
(i .G ) s
centered at i and a window that moves on the points
j',..., ", the robustness of these functions are classified

similarity ~ between  pairs
calculated using a window

according to their matching capabilities in the case of
large displacement, change brightness, noise and low
textured areas.

The performance of our tracking system is also closely
linked with the results obtained in the detection of skin
color. The segmentation procedure is done by scanning
all the pixels of the image in search of those that follow
the desired threshold in the space used. The pixel
belonging to the range of desired threshold is 1 otherwise
it is 0. This process produces a binary image highlighting
segments with skin color (white) the other did not take
the skin color black.

Our suggested method for tracking persons contains
two algorithms, in the first; we propose a simple and
effective method for detection of people in a sequence
images based on the color control points detected by
color Harris and skin color with the aim of eliminating
the non- skin color regions. The second algorithm is to
keep track of people detected by Algorithm 1 based on
matching correlation ZNCC and the skin regions.

Algorithm 1: ( People Detection )

Stepl: Image acquisition: Take a series of successive
images by a digital camera or from a color video.

Step2: Apply color Harris detector for the first image
n =1 with the aim of identifying regions of interest
detected on people.

Step3: Apply a skin detector in the YCbCr-RGB-HSV




JOURNAL OF EMERGING TECHNOLOGIES IN WEB INTELLIGENCE, VOL. 6, NO. 1, FEBRUARY 2014 97

space to segment the image into skin regions and
differentiate individuals with respect to other objects.

Stepd: Apply a skin detector in the YCbCr-RGB-HSV
space to segment the image into skin regions and
differentiate people with respect to other objects.

Step5: Combination of the detected control points and
regions skin found.

Step6: Show the detection result: people detected are
surrounded by rectangles containing the found color
control points and sections of skin.

The result of Algorithm 1 allows us to initialize the
algorithm 2, so the detection step serves only to initialize
people tracking.

Algorithm 2: (People Tracking)

Stepl: Initialization :

Image acquisition: Take a successive series of images
containing people to track.

Apply Algorithm 1 for thefirstimagen = 1 andn = 2.
Determine the characteristic vector for each detected
point controlV " (1)and v P (2) .

Step2: Apply Algorithm 1 for each image n and fill
vectors v (n) with appearance features.

Step3: Match the color control points detected by Harris
using correlation measure ZNCC.

Step4: Regularization of control points detected by
RANSAC function.

Step5: Combining the results of the best matches
detected and regions skin found.

Step6: Show results of tracking by combining color
control points and skin color, such as persons tracking is
surrounded by rectangles.

These two algorithms were tested on a large number of
image sequences. The scenarios are varied, ranging from
individual person walking alone to people in a crowd
interacting (two or more people meet and walk side by
side). The simulated results show that our algorithm is
able to track more people, and therefore, detect and
manage the interactions between them.

IV EXPERIMENTATION

To work on a real case with our method, we have
chosen two successive images with 374 x421 size taken
from a football match video time of 4:13 min (two people
who meet and walk side by side). First, we detected the
control points by Harris algorithm [4, 33] and matched to
each pair of images by measuring correlation ZNCC [9,
34, 35], at this stage several matches are false, where a
regularization step is very important to keep just the best
matches found by calling the function (RANSAC:
Random Sample Consensus) [36]. Then we determine the
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rules that define the areas of the skin in the hybridization
of these three color spaces RGB, HSV and YCbCr and
apply these rules to our images to segment skin regions.

All algorithms used in this article have been
implemented in Matlab 7 Intel Core (TM) 2 CPU
2.00GHz, Microsoft Windows 7 with 3GB memories.

Fig.3 shows an example for detecting skin color for
these two images in the three spaces RGB, YCbCr and
HSV.
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k) M
Fig3: Example of skin detection. (a) and (b) two successive original
image, (c) and (d) skin pixels in the RGB space, (e) and (f) skin pixels
in the YCbCr space, (g) and (h) in the HSV space, (i) and (j) in the
RGB-YCbCr-HSV space, (k) and (1) the binary images in the YCbCr-

RGB-HSV space.

Based on these results, the detection of skin is based on
the choice of the color space and the phase thresholding,
and the hybridization of these three spaces RGB, YCbCr
and HSV gives us a better result compared to others, we
can nevertheless see a higher error rate for certain spaces
(YCbCr, HSV). The execution time of the program is
1.039306 seconds for each image.

In Figure 4, we illustrate the result of tracking by
applying the two algorithms 1 and 2. First of all, we
detect the control points then we determine the skin
regions. Tracking consists of matching control points
detected on these two images and skin color. We can
notice that our system is able to track these people, by
detecting several skin areas, despite the existence of false
skin detection and control points.
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(€)) (h)

Fig4: Results of tracking using both algorithms 1 and 2. (a) and (b) the
red and green points indicate control points detected by Harris detector,
(c) and (d) indicate control points detected by correlation ZNCC, (e) and

(f) regularization of control points detected by RANSAC function, (g)

and (h) results of tracking based on the color control points and skin
color in the RGB-YCbCr-HSV space such as persons tracking is
surrounded by rectangles.

According to the results in Figure 4, the two people are
correctly detected and tracked; the result of matching is
best as pictures show (e) and (f) after the elimination of
false matches by RANSAC function. The skin regions are
specified and surrounded by boxes as the pictures show
(g) and (h). The total running time of our system is
72.256917 seconds for the two images.

Our proposed tracking system has been tested on a
large number of images from several snuff videos of
different length sequences. The scenarios are varied,
ranging from simple person walking alone several people
interacting (two or more people meet and walk side by
side). The experiment results show that our algorithm is
able to detect and track multiple people in image
sequences, and that this system is robust in the case of the
existence of noise.
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In summary, according to the simulations, only the
proposed method can correctly track people, other
methods are disturbed by noise or the presence of control
points belong to the background and use of skin color
allows increase the performance of our approach. By
combining these two primitives will develop a tracking
method implementing the time parameter and quality
tracking.

V CONCLUSION

In this paper we have presented a new approach for
tracking people in image sequences using color control
points and skin color. A person is defined by a set of
control point detected with version color Harris detector.
Each control point is characterized by local appearance
i.e. a vector of local characteristics more cornerness.
Using a set of control points and regions skin allows us to
track a person by making connections between these
points from one image to another based on matching
correlation ZNCC. The combination of control points
with local descriptors has been successfully used for
matching points and the color of the skin allows us to
increase the performance of our proposed method,
reducing areas of research.
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Abstract—This paper treats the autonomous navigation
problem of robotic systems in a dynamic and uncertain
environment. In particular, we areinterested in determining
the robot motion to reach the target while ensuring their
own safety and that of different agents that surround it. To
achieve these goals, we have adopted a fuzzy controller for
navigation and avoidance obstacle, taking into account the
changing nature of the environment. The approach has been
tested and validated on a Thymioll robots set. As
application field, we have chosen a parking problem..

Index Terms—Robotics, Navigation Autonomous, Fuzzy
Logic, Thymioll Robot.

I. INTRODUCTION

In unstructured environments, robot controller must be
able to operate under conditions of imprecision and
uncertainty and efficient response to events [1]. Obstacle
avoidance is an essential component to achieve successful
navigation. Several research works have been reported in
this area. Several trajectory tracking and path following
algorithms have been proposed to steer the mobile robot
along a path to a desired goal in order to prevent
collisions with obstacles. Many researches turned their
attention to the obstacle avoidance problem developing
interesting real-time behavior for mobile robots in
unknown environment. The most well know are, the
potential field method, vector field histogram and the
method of deformable virtual zone. The first one was
introduced by [2] imagines the virtual forces acting on the
robot. This method assumes that the robot is driven by
virtual forces that attract it towards the goal, or reject it
away from the obstacles. The actual path is determined
by the resultant of these virtual forces, the second method
is introduced in [3] which corresponds to local occupancy
grid, constructed from the sensors of the robot; this
method was improved in [4], landmark learning [5], edge
detection, graph-based methods [6], Limit-cycles method
[7] and many others. However, relatively few of them are
suitable for real-time and embedded applications on very
low-cost systems. Among them, the methods that use
artificial intelligence approaches as:-Neural Network [8]:
this approach is applied to determine the optimal neural
networks structure for real-time obstacle avoidance task.
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In [9], the paper proposes a neural network that uses
Qlearning reinforcement technique for solving the
problem of obstacle avoidance. -Multi Agent System: In
[10], a new local collision avoidance algorithm between
multiple robots for real-time navigation is presented .This
algorithm is based on multi agent system and quadratic
optimization method for a collision free navigation and to
compute the motion of each robot. -Hybrid Neural
Network Genetic Algorithm: [11] used a hybrid neural
net- work, genetic algorithm and local search method for
solving the problem of finding the optimal collision free
path in complex environments for mobile robot. -Particle
Swarm Optimization: In [12], the author proposed two
extensions of Particle Swarm Optimization (PSO) and
Darwinian Particle Swarm Optimization (DPSO) to solve
the problem of obstacle avoidance for multi robot.

All these methods require to be implemented on robots
with a sufficiently complex functional structure. The
robot must possess capabilities of perception, decision,
evaluation of the action and a relatively high
computational power and/or memory.

This paper mainly deals the navigation control and
obstacle avoidance. Our objective is to develop a simple
and reactive obstacle avoidance tool that can be
implemented on an extremely compact such as the
Thymio II [13]. In this context, we propose an intelligent
and fast fuzzy controller system for navigating in real-
time. The fuzzy logic is certainly one of the most adopted
approaches in industry. It addresses such applications
perfectly as it resembles human decision making with an
ability to generate precise solutions from certain or
approximate information. It fills an important gap in
engineering design methods left vacant by purely
mathematical approaches (e.g. linear control design), and
purely logic-based approaches (e.g. expert systems) in
system design. The advantage of using fuzzy logic for
navigation is that it allows for the easy combination of
various behaviors outputs through a command fusion
process. The navigation system in this case consists of
two behaviors an obstacle avoidance behavior and a goal
seeking behavior[14][15].

A set of experimentations is realized to demonstrate
the feasibility of this approach for navigation, avoiding
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static and dynamic obstacles (other robots) and
aggregation (in our case, parking in the edges of
environment) for Thymioll mobile robots.

Besides this introduction, the structure of the paper is
as follows: Section 2 gives the specifications of the robot
platform and its functioning under ASEBA tool. Section
3 presents the description of fuzzy logic controller.
Section 4 shows different experimentations for testing the
proposed approach. Conclusions and perspective are
given in Section5.

II TrYMIO II AND ASEBA PRESENTATION

The system consists of a set of Thymioll mobile robots
(https://thymio.org) navigating in a dynamic and
uncertain environment. The robots must explore the
environment and avoid static and dynamic obstacles
(other robots).

2.1 Thymio Il Robot

Thymio II is an affordable educational robot (<1008$).
It provides three main features: a large amount of low-
cost sensors and actuators,a specific interactivity based
on light and touch, aimed at increasing the understanding
of the robot functionalities and a very efficient
programming  environment based on  Aseba
(https://aseba.wikidot.com/en:start). Its interactivity is
based on several functionalities: capacitive touch
buttons,color of the body (full RGB spectrum) and LED
associated with each robot functionality
(https://aseba.wikidot.com/fr:thymioprogram). This robot
is representative of low-cost mass-produced systems: A
control method applied on the Thymio II robot can be
deployed at very low cost: <2$ for the processor, <1$ for
each proximity sensor, <1$ per motor.
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Figure 1. The Thymioll robot Platform and its structural component.

2.2 ASEBA Environment

Aseba is a set of tools which allow novices to program
robots easily and efficiently. It is an event based
architecture for real-time distributed control of mobile
robots. It targets integrated multi-processor robots or
groups of single-processor units, real or simulated. The
core of Aseba is a lightweight virtual machine tiny
enough to run even on microcontrollers. With Aseba, we
program robots in a user-friendly scripting language
using a cosy integrated development environment.
(https://aseba.wikidot.com/en:description).

FIE

Figure 2. Aseba environnement
(http://www.mobsya.org/robot/logiciels).

III NAVIGATION PROPOSED APPROACH

In order to avoid static and dynamic obstacles and
permit parking in the edges of the environment by the
robot Thymio II, we proposed and developed a reactive
system control of navigation using fuzzy logic (Figure 3).
The robot reacts according to the changes in environment.
The fuzzy system determines the two wheels speed of
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Thymioll robot so that it avoids obstacle and go to the
reach.
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Figure 3. Thymioll robot navigation controller.

The fuzzy control system is composed of two modules
based on inputs sensory of the Thymioll robot:
v Avoidance obstacle module
v Aggregation module.

A fuzzy system that determines the speed of right and
left wheels: motor_right_target, motor_left target based
on the distance of the obstacles around the robot
measured by the sensors: CO, C7, C6, C5, C1, C2 and
values given by the two sensors DS1 and DS2.

TABLE 1.
THE MEASURED DISTANCES OBSTACLES-ROBOT
g?iﬁ%ﬁ Sensors Distances given
Frontal obstacle gj BE;
Left Obstacle g: gg;
Right Obstacle g; gg;
3.1 Avoidance Obstacle Module

In the next section, we describe different stages of the
fuzzy control for avoidance obstacle (Fuzzification, fuzzy
inference and Deffyzzification).

e Inputsfuzzification

We first proceed to the fuzzification of the distances:
DF1, DF2, DG1, DG2, DDI1, and DD2. The same fuzzy
model used for the different measured distances.

These distances are represented by proxy_horizontal
variable which is calculated by Aseba tool.

The membership functions of these distances near and
far have been fixed after several tests and experiments.
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Figure 4. The fuzzy sets of proxy_horizontal variable

The prox_horizontal variable is calculated by Aseba
tool.

. Outputsfuzzyfication

The speed fuzzification of the right and left wheels:
motor_right_target and motor_left_target is presented
infigure5.

The membership functions for this variable are: Dacc
(deceleration), Zacc (no speed change) and Acce

(acceleration).
Membership

&

Dacc Zac Acce
L

-200 il 200 motor_right target

Figure 5. Fuzzy sets of motor_right target and motor_left_target

variable.

e Fuzzyinference

This step presents the inference rules elaboration to
determine the robot behavior according to its intrinsic
parameters. It will be seen later that the number of
potential rules of reaction increases directly with the
number of labels of the variables.

According to the membership degree of the different
distances measured by the robot sensors, each values
combination of these input variables, a command
presented by the outputs variables (motor right target
and motor_left target) is associated with it.

»
prox horizontzl (units)
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Figure 6. The eight situations of avoidance obstacle

The inference rules definition are based on the
following situations (figure 6 ) which shows the different
cases of avoidance obstacles that the robot can undergo
during its navigation.

Each situation is defined by a set of inference rules
depending on the distances of obstacles-robot. As
example, we give the set rules of situation 1: «Front
close".

The robot stops and performs randomly one of the
following maneuvering:

»  Deviation in a right.
» Deviation in a left.
» A half-rotation.

TABLE 2.
RULE INFERENCE OF SITUATION 1 "FRONT-CLOSE".
Fuzz
Distanc y .
esensor | Valu Action
e
DFl1 Near o
:c DF2 Near Tri:e Deviation in right

DD1 Far 20
DD2 Far Motor left target 0
DGl Far Motor_right targe 2-0
DG2 Far t 0

2.2.3 Defuzzification

In this section, we present a defuzzification process
used in our fuzzy system. The defuzzification step allows
the transformation of the output fuzzy values into the
corresponding physical values.

We opted for the defuzzification method called
"average weighted method". This choice is usually
conditioned by a compromise between implementation
ease and computing performance [16].

2.2.2 Aggregation Module

The objective of this module is to stop the robot when
it is on the environment edges.

To define these edges, we used another color (black)
different in the light intensity with the inside area color
(white) where the ground sensors of Thymio robot can
detect it easily.

The variables measured by these soil sensors are:
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v’ prox.ground.ambiant: ambient light intensity on the
ground, varies between 0 (no light) and 1023
(maximum light).

v' prox.ground.reflected: quantity of light received
while the sensor emits infrared, ranging from 0 (no
reflection) and 1023 (high light).

v' prox.ground.delta: difference between reflected light
and ambient light, related to the distance and color of

the soil.
Membarship degres
The edge Tnside
1
|
N/ |
| I
} [
0 ! 5
800 103 ground light reflected

Figure 7. Fuzzy sets of ground light reflected
The variation of the light reflected from the ground is
described by two subsets: at edges and Inside.

IV SIMULATION AND RESULTS

In this section, we evaluate the proposed approach
efficiency by a set of experimentations on Thymio II
robots group.

Environment Edges

Inside of
enviromnent

| Obstacle

Thymioll
robot

Figure 8. Experiment environment for Thymio II robot.

The experimentation scenes are timed and filmed by
several cameras. In Figures 9-10, we show several cases
of environments simples and complexes to validate the
proposed approach. The bold line represents the
trajectory of the robot.

(a) First position (b) Final position

Figure 9. Navigation and avoidance obstacle in the environment 1.
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(a) First position (b) Final position
Figure 10. Navigation and avoidance obstacle in the environment 2

(a) First position
Figure 11. Navigation and avoidance obstacle in the environment 3.

(b) Final position

In these various cases of test we can see that the
proposed approach is safe and efficient.

Even if the environment is complex and dynamic
(several obstacles and active robots), the Thymioll robot
is able to avoiding different static and dynamic obstacles
encountered with a flexible navigation and stop at the
environment edges.

CONCLUSION

In this article, a proposed solution has been presented to
the problem of navigation and obstacle avoidance by
developing a fuzzy navigation controller dedicated to
Thymioll robots under Aseba environment. The
experimental results are satisfactory and validate the
proposed approach. The robot navigates autonomously
and safe despite the complexity of the environment.
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Abstract—Wireless sensor network is vulnerable to various
attacks due to the deployment in hostile environment.
Among various types of security threats, low power sensor
nodes are affected by the attacks that cause random
drainage of the energy level of sensors. It leads to the death
of nodes. The denial of sleep attack is the most dangerous
type of attack in this category. Most of the existing
approaches to detect denial of sleep attack involve lot of
overhead, which lead to poor throughput. In this survey,
different approaches for the detection and prevention of
denial of dleep attacks in wireless sensor networks are
described.

Index Terms—Anomaly detection, denial of sleep attack,
frequency hopping, sleep deprivation.

I. INTRODUCTION

Security of Wireless sensor network (WSN) becomes a
significant issue with the fast development of WSN that
is exposed to a wide range of attacks due to the limited
resources and its deployment in the hostile environment.
Intrusion detection system is one of the main and
effective defensive approach against attacks in WSN. A
particular devastating attack is denial of sleep attack (DS
attack). It is a specific type of DoS (denial-of-service)
attack. The denial of sleep attacks can be categorized into
six categories depending on the attack strategy as

Sleep deprivation attack

Barrage attack

Synchronization attack

Replay attack

Collision attack

Broadcast attack.
In DS attack, the main aim of the intruder is to increase
the power consumption of the sensor node. Its battery life
is also decreased. Due to this attack, the lifetime of WSN
is decreased. The attack accomplishes this by making the
sensor node busy and preventing it from going into low
power sleep mode. So the energy of the sensor nodes is
wasted. Large amount of energy consumption is imposed
upon the limited power sensor nodes by this attack. This
leads to denial of service through denial of sleep.

The sleep deprivation attack is a severe attack in WSN
as replacing or recharging node batteries in WSN is not
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possible. Barrage attack causes its victims to spend more
energy by attacking them with legitimate requests. In
both barrage attack and sleep deprivation attack, the
victim will never enter its low power sleep mode. The
aim of the synchronization attack is to cause relative time
synchronization problems at the MAC layer. The
synchronization attack is hard to detect because it stays
within the confines of the protocol. A replay attack is a
breach of security in which data is stored without
authorization and then retransmitted in order to trick the
receiver into energy exhaust operations. In the broadcast
attack, the unauthenticated traffic is broadcasted into the
network by the attacker node to reduce the lifetime of
sensor nodes.

This type of attack is hard to detect as it does not affect
legitimate throughput, which might signify an ongoing
network attack. The collision attack can be launched by a
compromised node that does not follow the medium
access control protocol. Collision is caused with neighbor
transmissions by sending a short noise packet. Many
existing detection approaches depend on deterministic
model. But in sensor network, the status of affected nodes
changes with time.

The paper is organized as follows. Section 2 describes
prevention approaches for denial of sleep attacks in
wireless sensor networks. Section 3 presents results and
discussion. Section 4 provides conclusion and future
enhancement

II PREVENTION APPROACHES FOR DENIAL OF SLEEP
ATTACK

2.1 Absorbing Markov Chain (AMC) Model

A mathematical model based on Absorbing Markov
Chain (AMC) [1] was used to detect denial of sleep
attack in sensor network. The probabilistic nature of
sensor nodes was detected by the AMC model. In this
approach, denial of sleep attack is detected by
considering the expected death time of sensor network
under common scenario. The method evaluate the
behavior of compromised sensor nodes depending on the
Markov chain with an absorbing state. The Absorbing
Markov Chain was used to model the behavior of each
and every sensor node. Instead of concentrating on single
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sensor node’s behavior, the network flow is monitored by
the approach to detect intrusion.

In this approach, the expected absorption time of senor
network is examined which denotes the network lifetime.
If the network state tends to death fast when compared to
common death time of sensor network, then the network
is affected by denial of sleep attack. The method was
more accurate than the deterministic model.

2.2 Hierarchical Framework based on Distributed
Collaborative Approach

A hierarchical framework based on distributed
collaborative approach [2] was used for the detection of
sleep deprivation attack in WSN. The method utilized
anomaly detection approach in two steps to minimize the
probability of false intrusion and to provide a reliable and
energy effective heterogeneous WSN. The values are
compared with predefined parameters specified in normal
profile to detect the anomaly. The responsibility of each
node changes dynamically to minimize the burden of a
single node. In order to reduce the attack, the method
physically prevents malicious nodes from the network
and denies fake packets. Cross layer energy-efficient
security mechanism [3] was used for the protection of
network from denial of sleep attack. Simulation showed
that the approach achieved significant performance in
avoiding network nodes from distinct denial of sleep
attacks. The cross layer interaction concept was used to
prevent sensor nodes from energy exhaust attacks.

The cross layer information i.e. one hop routing table
from the network layer was used by MAC layer to
identify attackers. If the sender does not belong to the
routing path of the receiver node, all received RTS
packets are rejected. The Received Signal Strength
Indication (RSSIs) of received packets are then computed
and compared with RSSI of neighborhood routing node
in order to prevent network nodes from malignant denial
of sleep attacks such as replaying attacks. The approach
is well suited for resource constrained WSNs as it
requires low additional cost.

2.3 Lightweight hierarchical model for HWSNET

Heterogeneous wireless sensor network (HWSNET) is
more suitable for real life applications when compared to
the homogeneous counterpart. Security of HWSNET
becomes a significant issue with the fast development of
HWSNET. A lightweight, hierarchical model [4] was
used for the insomnia detection of sensor nodes affected
by sleep deprivation attack in HWSNET. The approach
used cluster based method in an energy effective manner
in order to build a five layer hierarchical network to
increase the network scalability and lifetime. Here the
sensor network is partitioned into clusters which are
again divided into sectors.

Partitioning the sensor field preserves communication
bandwidth and prevents redundant exchange of messages
among senor nodes. In this approach, energy efficiency
was accomplished by keeping a minimum number of
sensors active. A dynamic model was designed to
overcome the sudden death of intrusion detection system
(IDS) enabled sensor nodes that are responsible for all
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detection tasks, due to power exhaustion. Anomaly
detection technique was used in the approach in such a
way that the phantom intrusion detection was avoided.

2.4 Svarm based Defense Approach

A swarm based defense approach [5] for denial of
sleep attack utilizes an anomaly detection model to
determine the affected traffic between the nodes.
Depending on this, frequency hopping approach was
initiated. Ant agents of swarm intelligence are then
applied to gather the frequency hopping time and
communication frequency. The faulty channel is
identified depending upon the frequency hopping time.
And when the administer node gets this data, it deletes
the faulty channel. The simulation results showed that the
approach is effective in faulty channel detection. Less
energy is consumed as the data about all the attackers can
be known by utilizing ants. A framework for preventing
denial of sleep attack [6] consists of four key components
®  Strong link-layer authentication
®  Anti-replay protection
® Jamming identification and mitigation
®  Broadcast attack defense

Strong link-layer authentication is the most significant
and first component of denial-of-sleep defense and must
be included into any WSN that might be exposed to
attack.

2.5 Secure Topology Maintenance Protocol (Sec-TMP)

The scalable Secure Topology Maintenance Protocol
(Sec-TMP) [7] was resilient to sleep deprivation attacks.
Sec-TMP does not require underlying routing and pair-
wise node confidentiality. It was highly scalable as the
newly deployed nodes were involved in the TMP
(topology maintenance protocol) by the pre-existing
nodes in the network. It utilizes one-hop communications.
A novel approach for detection of sleep deprivation
attacks [8] depends on wireless sensor network (WSN)
clustering. It includes recursive clustering of sensors till a
required granularity is achieved. The approach is applied
with two distinct clustering algorithms. Fast and Flexible
Unsupervised Clustering Algorithm (FFUCA) was used.
To launch the sleep deprivation attack, the adversary
nodes become cluster heads.

2.6 Random Vote, Round Robin and Hash-based Scheme

Three clustering approaches for mitigating sleep
deprivation attack: the random vote, round robin and
hash-based scheme were analyzed [9]. These approaches
prevent the adversary from becoming a cluster head and
also minimizes the impact of sleep deprivation attack.
The random vote scheme randomizes the cluster head
selection. The round robin scheme was used to overcome
the lack of scalability problem in random vote clustering
algorithm. In round robin scheme, clusters were
maintained for long periods of time. The round robin
scheme consists of two phases

® Bootstrapping phase
® Maintenance phase

Initial clusters were formed in bootstrapping phase. In
the maintenance phase, the precise membership of each
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cluster is updated due to addition of new nodes, removal
of nodes from network and node mobility. The round
robin scheme requires only a single iteration for selecting
cluster head. But, a list indicating nodes in cluster at all
times must be maintained at each sensor node in the
round robin scheme. The excessive overhead inherent in
the round robin scheme is overcome by the hash-based
cluster head selection scheme. Dynamic clustering in an
attack and fault tolerant manner is performed without
excessive overhead.

Many denial of sleep attacks don’t require a constant
signal. So it is difficult to recognize the traffic as
malicious and to identify the attacking node through its
emitted transmissions [10]. The denial of sleep attack
focuses MAC protocols. A clever denial of sleep attack
keeps the radios of sensor nodes on and their batteries are
drained in few days. The denial of sleep attack is
mitigated by a framework including authentication at link
layer, protection of broadcast attack and tamper
resistance.

2.7 |solation Table Intrusion Detection System (ITIDS)

Isolation tables and routing tables [11] are combined to
detect anomalies. Isolation Table Intrusion Detection
System (ITIDS) detects malicious nodes depending on
attack behaviors. The malicious node is detected through
its unusual behavior. The sensor node behaviors are
compared with the attack behaviors for determining
anomalous information. If the node is anomalous, it is
isolated and recorded in isolation table. In ITIDS, sensor
nodes of all kinds are concerned by monitoring task and
control each other to detect denial of sleep attack. There
are four characteristics of ITIDS
Base station (BS)

One Primary Cluster Head (PCH)

Several Secondary Cluster Heads (SCHs)

The remaining senor nodes are MNs (member
nodes)

The approach consists of four stages. Initially, the
system predefines IDS. MNs are monitored by SCH.
Then PCH is monitored by SCHs and MNs. Lastly, IDS
backups the isolation table in base station.

2.8 Ant-based Routing Algorithm

An ant-based routing algorithm [12] was used to detect
denial of sleep attacks in WSN. The denial of sleep
attacks are detected by using age, energy and reliability
as parameters. The impact of distributed denial of service
attacks on the performance of WSN is evaluated by using
OPNET modeler. Packet authentication is used to prevent
the denial of sleep attack [13]. Continuous resetting of
sleep timers and link-layer authentication is used to
protect from denial of sleep attack.

2.9 Secure Wake up Scheme

A secure wake up scheme [14] activates a sensor node
by a secure wake up radio from a sleep state only if
messages from legitimate and authenticated nodes are
pending. The approach uses a lightweight security
verification scheme which can be performed without
requiring the change of node to its active state. The
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network can be protected from the sleep deprivation
attack by moving the authentication from application
level to physical level. Time synchronized one-time-
password scheme [15] provide a secure wake up
authentication.

The scheme under denial of sleep attack consume less
power than the self-discharge of the batteries. The main
idea is to keep the node always in the sleep mode and
wake it up only as and when communication is essential.
An additional receiver is used that remains in idle mode
and wuses only small amounts of energy. The
communication requests are captured by this receiver. It
also wake up the parts of node that are currently in rest in
order to receive data.

All incoming requests to the wake up receiver on the
physical layer are authenticated to prevent the adversaries
targeting to drain the energy. The request that wireless
sensor nodes utilize to wake up each other is known as
token. The unnecessary traffic is reduced by computing
the tokens instead of exchanging them. The counter-
synchronized one time password is used for token
generation.

2.10 Storm Control Mechanism

Storm control mechanism [16] was used to mitigate
flooding and denial of sleep attacks. The frequency of the
received packets is tracked by the system. An alert is
triggered when it goes beyond a configured limit. The
node sends alert to the base station and shuts its wireless
transceiver for a predefined period of time. The storm
control mechanism was implemented in TinyOS as a
security layer incorporated in the communication stack.
TOSSIM is used to test the implementation.

2.11 Clustered Adaptive Rate Limiting (CARL) Approach

Clustered Adaptive Rate Limiting (CARL) [17]
approach depends on current host-based intrusion
detection methods to prevent denial of sleep attacks. It is
a rate limiting approach. In this adaptive rate limiting
approach, network traffic is restricted when enough
malicious packets are sensed in order to suspect that there
is presence of attack. It can be also utilized to maintain
better throughput and network lifetimes at a time even
during sleep deprivation attack. A fake schedule switch
scheme with RSSI measurement [18] defends denial of
sleep attack. The scheme is implemented in S-MAC
protocol. a quickest intrusion detection scheme, markov
decision process (MDP) [19] keeps a minimal number of
sensors active. The approach ensures energy expenditure
for sensing, communication and computation is reduced.
It also ensures that the network lifetime is reduced. A
secure intrusion detection system [20] was used for denial
of sleep attack prevention in WSN.

III RESULTS AND DISCUSSION

The results of the survey are shown in table 1. Various
approaches for the prevention of denial of sleep attacks in
wireless networks are depicted. AMC model evaluates
the behavior of compromised sensor nodes to detect
denial of sleep attack. Hierarchical framework based on
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distributed collaborative approach uses anomaly detection
approach to detect sleep deprivation attack. Swarm based
defense approach uses ant agents of swarm intelligence.
The lack of scalability problem in the random vote
scheme and excessive overhead inherent in round robin
scheme is overcome by hash based scheme. FFUCA

algorithm was used in recursive clustering of sensors
approach. Routing and isolation tables are used in ITIDS
technique.

TABLE 1:

TECHNIQUES FOR PREVENTION OF DENIAL OF SLEEP ATTACKS

Authors Year and reference Technique performance
Bhattasali and Chaki 2012 (1] Absorbing Markov Chain The behavior of compromised
(AMC) model sensor nodes is evaluated based
on Markov chain
Bhattasali et al. 2012 [2] Hierarchical framework based Uses anomaly detection
on distributed collaborative approach to detect sleep
approach deprivation attack.
Boubiche et al. 2012 [3] Cross layer energy-efficient Uses cross layer interaction
security mechanism concept to prevent sensor nodes
from energy exhaust attacks.
Bhattasali and Chaki 2011 [4] Lightweight hierarchical model Detects insomnia of sensor
for HWSNET nodes affected by sleep
deprivation attack
Periyanayagi and Sumathy 2013 [5] Swarm based defense approach Uses ant agents of swarm
intelligence
Gabrielli et al. 2009 [7] Scalable Secure Topology Highly scalable and uses one-
Maintenance Protocol (Sec- hop communication
TMP)
Fouchal et al. 2013 [8] Recursive clustering of sensors Uses Fast and Flexible
Unsupervised Clustering
Algorithm (FFUCA)
Pirretti et al. 2006 [9] Hash-based scheme Overcome lack of scalability
problem and excessive overhead
inherent
Chen et al. 2010 [11] Isolation Intrusion Detection Routing tables and isolation
System for hierarchical WSN tables are combined to detect
anomalies
Juneja et al. 2010[12] Ant-based routing algorithm Uses age, energy and reliability
as parameters
Rughinis and Gheorghe 2010 [16] Storm control mechanism The storm control mechanism is
implemented in TinyOS

CONCLUSION

The paper comprises the survey results in prevention
approaches for denial of sleep attack in wireless sensor
networks. The survey describes various methods and
techniques such as AMC model, cross layer security
mechanism, swarm based defense approach, ITIDS,
storm control mechanism, ant-based routing algorithm.
The results of the survey show that the solutions, which
require large scale alterations are unrealistic. As a future
work, the prevention of denial of sleep attacks can be
performed with minimum changes, cost and resources

REFERENCES

[1] T. Bhattasali and R. Chaki, "AMC Model for Denial of
Sleep Attack Detection," Journal of Recent Research
Trends (JRRT), pp. 1-4, 2012.

[2] T. Bhattasali, R. Chaki, and S. Sanyal, "Sleep Deprivation
Attack Detection in Wireless Sensor Network," arXiv
preprint arXiv:1203.0231, 2012.

[3] D. E. Boubiche, A. Bilami, and S. Athmani, "A Cross
Layer Energy Efficient Security Mechanism for Denial of
Sleep Attacks on Wireless Sensor Network," in Networked
Digital Technologies, ed: Springer, 2012, pp. 151-164.

©2014 ACADEMY PUBLISHER

[4] T. Bhattasali and R. Chaki, "Lightweight hierarchical
model for HWSNET," Networking and Internet
Architecture, pp. 1-14, 2011.

[S] S. Periyanayagi and V. Sumathy, "Swarm Based Defense
Technique for Denial-of-Sleep Attacks in Wireless Sensor
Networks," International Review on Computers &
Software, vol. 8, 2013.

[6] D.R.Raymond, R. C. Marchany, M. I. Brownfield, and S.
F. Midkiff, "Effects of denial-of-sleep attacks on wireless
sensor network MAC protocols," Vehicular Technology,
IEEE Transactions on, vol. 58, pp. 367-380, 2009.

[71 A. Gabrielli, M. Conti, R. Di Pietro, and L. V. Mancini,
"Sec-tmp: a secure topology maintenance protocol for
event delivery enforcement in wsn," in Security and
Privacy in Communication Networks, ed: Springer, 2009,
pp. 265-284.

[8] S. Fouchal, D. Mansouri, L. Mokdad, and M. Iouallalen,
"Recursive - clustering - based approach for denial of
service (DoS) attacks in wireless sensors networks,"
International Journal of Communication Systems, 2013.

[91 M. Pirretti, S. Zhu, N. Vijaykrishnan, P. McDaniel, M.
Kandemir, and R. Brooks, "The sleep deprivation attack in
sensor networks: Analysis and methods of defense,"
International Journal of Distributed Sensor Networks, vol.
2, pp. 267-287, 2006.



110 JOURNAL OF EMERGING TECHNOLOGIES IN WEB INTELLIGENCE, VOL. 6, NO. 1, FEBRUARY 2014

[10] D. R. Raymond and S. F. Midkiff, "Denial-of-service in
wireless sensor networks: Attacks and defenses," Pervasive
Computing, |EEE, vol. 7, pp. 74-81, 2008.

[11] R.-C. Chen, C.-F. Hsieh, and Y.-F. Huang, "An isolation
intrusion detection system for hierarchical wireless sensor
networks," Journal of Networks, vol. 5, pp. 335-342, 2010.

[12] D. Juneja, N. Arora, and S. Bansal, "An Ant-Based
Routing Algorithm for Detecting Attacks in Wireless
Sensor Networks," International Journal of Computational
Intelligence Research, vol. 6, 2010.

[13] S. Saha, "ZIGBEE OPNET Modeller: An Efficient
Performance Analyzer for Wireless Sensor Networks."

[14] R. Falk and H.-J. Hof, "Fighting insomnia: a secure wake-
up scheme for wireless sensor networks," in Emerging
Security Information, Systems and Technologies, 2009.
SECURWARE'09. Third International Conference on,
2009, pp. 191-196.

[15] A. Kavoukis and S. Aljareh, "Efficient time synchronized
one-time password scheme to provide secure wake-up
authentication on wireless sensor networks," arXiv preprint
arXiv:1302.1756, 2013.

[16] R. Rughinis and L. Gheorghe, "Storm control mechanism
in wireless sensor networks," in Roedunet |nternational
Conference (RoEduNet), 2010 9th, 2010, pp. 430-435.

[17] D. R. Raymond and S. F. Midkiff, "Clustered adaptive rate
limiting: Defeating denial-of-sleep attacks in wireless
sensor networks," in Military Communications Conference,
2007. MILCOM 2007. |IEEE, 2007, pp. 1-7.

[18] C. Chen, L. Hui, Q. Pei, L. Ning, and P. Qingquan, "An
Effective Scheme for Defending Denial-of-Sleep Attack in
Wireless Sensor Networks," in Information Assurance and
Security, 2009. IAS09. Fifth International Conference on,
2009, pp. 446-449.

[19] K. Premkumar and A. Kumar, "Optimal sleep-wake
scheduling for quickest intrusion detection using sensor
networks," in Proc. IEEE Infocom, 2008.

[20] P. Sharma, N. Sharma, and R. Singh, "A Secure Intrusion
detection system against DDOS attack in Wireless Mobile
Ad-hoc Network," International Journal of Computer
Applications, vol. 41, pp. 16-21, 2012.

©2014 ACADEMY PUBLISHER



JOURNAL OF EMERGING TECHNOLOGIES IN WEB INTELLIGENCE, VOL. 6, NO. 1, FEBRUARY 2014 111

A Comprehensive Study of Finding Copy-and-
Paste Clones from Program Source Codes

Kamran Khan,

Shaheed Zulfigar Ali Bhutto
Institute of Science and Technology
Islamabad, Pakistan
Kamran_3388@yahoo.com

Abstract—In any programming language source code, the
code that is repeated is called the clone. The clone detections
have got much attention in the recent years. In literature
there are a number of clone detection techniques have been
proposed. These techniques includes CP-Miner, CC-Finder
etc. each of these techniques attempts to detect the clone
from the source code of various programming languages. In
this study, we will provide comprehensive details of the
various clone detection techniques proposed so far. These
techniques have been critically evaluated based on a no of
efficiency measure parameters. In our future work we will
propose our own clone detection technique that will more
efficient and accurate in terms of code clone detection from
multiple programming languages.

l. INTRODUCTION

In software development, programmer often uses copy-
and-paste technique. The aim of copy-and-paste
technique is save efforts in manually typing over the
codes again in computer program software. It is
mandatory to detect and remove such clones. In the past,
many techniques have been proposed. For example, [1],
[2] use copy-and-paste detection tool for detecting code
clones.The main issue associated to clones in
programming languages is that copy-and-paste
introduces bugs in programming code due to forgetting to
change identifiers each time right through the code that is
pasted from some somewhere else [2].

There are many issues associated with copy-and-paste
source code when the size of the code get bigger,
furthermore handling these issues are even greater
challenge. A bug in one module is reproduced in every
copy [3]. As many of the copy-and-paste codes are not
documented which provides that which part of the code
repeated in which parts, it is extremely hard to find and
fix such programming bugs. These bugs are the main
source of issues related to maintenance of existing
software and removing such bugs are more complex and
costly. Moreover, understanding and reusing such code is
also a challenge for programmers which reduce the level
of abstraction and adding new functionality to the code
[3].

Different research studies have already been done to
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identify the duplicates in software applications [12].
However, these techniques have limitations regarding the
support for certain programming languages. In literature
different tests have been performed on known tools and
techniques for clone detection but the results reveals that
there is none good approach that produce efficient and
optimal output.

In software engineering the topic of clone detection
has received much attention in last decades. In literature
several methods for clone detection have been proposed.
These techniques are widely used in software domain[8]
the existing clone detection techniques focuses on finding
similar codes in source code, known as clone, which
resulted in reduced update issues and application size.
These gains, however, can be improved by evaluating the
level of clone analysis [4]. Previous studies showed that
these gains can be detect design level similarities which
can aid to the software design in terms of code
optimization and understanding the design of software.

The rest of the paper is organized as follows: After
presenting some basic definitions about clones in Section
2, we present some summaries and strong points and
weak points of clone detection techniques. In Section 3,
we present a different comparison of these clone
detection techniques have been critically evaluated.

1. LITERATURE REVIEW

In [1] Kamiya et al. have proposed a technique for
detecting clones in large source codes. Their technique is
called CC-Finder. The CC-Finder is based on the
following elements: (1)-transformation rules; (2) a token-
based comparison and (3) optimization techniques. These
three elements attempt to improve the performance and
efficiency of clone detection in the source code. The CC-
Finder works as follow. In first step, the source code is
divided into tokens. Afterwards, all these tokens are
concatenated into a single token file. Then clones
detection is performed on this single file. During the
token analysis process, the white spaces are removed
between the tokens and these characters are sent to the
formatting step. In the second step, the token sequence is
transformed using transformation rules. In this step the
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special characters, operators and name spaces are
discarded. In the third step, following the second step
transformation the same pairs are detected as clone pair
[1]. In the fourth and last step the proposed method
locates the copy-and-paste and converted them into the
line numbers on the original source code. Afterword [1]
is implemented in C++ language. The results showed that
[1] can extract the clone from different languages source
code including C, C++, Java and COBOL. Although, CC-
Finder is very efficient for clone detection but this
technique is failed to detect the clones that come from
two different programming language source codes.

In [2] Li et al. have proposed another useful tool for
clone detection. The method proposed in [2] applies
techniques of data mining to identify copy-and-pasted
code in a huge source code. The proposed technique is
capable to find operating system associated bugs [2]. The
proposed approach has two main functionalities (1).
Detecting copy-and-paste code segments (2) finding
copy-and-paste related bugs. It works as follow: In step
reduce the development time. A software developer in his
development career frequently uses copy-and-paste and
they use the same code again and again. Copy-and-paste
method reduces programming effort and time therefore
programmer uses copy-and-paste rather than writing new
code from scratch. In literature a large number of
techniques have been developed for detecting duplicated
code in

No.1 the proposed approach first change the problem
into frequent subsequence mining problem [2]. The
author used CloSpan algorithm to detect the basic copy-
and-paste segments. In this step the proposed approach
detects copy-and-paste very competently. To further
accelerate the process the [2] eliminate unnecessary
comparison by using frequent subsequence mining
method. In second step, the proposed approach found
code clones which were the main source of bugs.
Furthermore to evaluate the efficiency of the [2] different
experiments were performed using [2] the results showed
that the execution time of the proposed technique is
optimal, proposed approach took 11-12 minutes to find
101,699-198,605 code clones in a source code segment in
a Linux. Further [2] was compared with [1], the
comparisons established that execution of [1] is similar to
[2] but the [2] is more efficient and detects much more
copy-and-paste segments. So there work is supported by
very good explanatory examples. The currently
developed tool is only work for programs written in C or
C++ and their tool detects only simple cases of errors
which is not complicated.

In [3] Wahler et al. have proposed a new method for
detecting clones. Their technique is based on frequent
itemset. The proposed technique works as follow; in first
step, it takes source code from different compilers as an
input, the [3] then creates a consistent code from the input
using corresponding parser. In the next step, it uses the
popular frequent itemset finding technique to generate
most frequent itemset from the XML file. In the last step,
it removes or detects the itemset as the duplicate code. By
using JDK, the authors have implemented their approach.
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Although, the experimental results shows that it can
efficient and accurate to detect the clones from the source
code; but this detection is limited to clone of type 2.

In [4] Basit et al. have proposed a method for detecting
or finding the clones in a source file. Their technique is
based on token-base technique for finding (a) simple
clones (b) finds co-occurring clones in a different files by
using a frequent itemset mining and it perform file
clustering to find clusters that are similar. The execution
process of [4] is as follow; In first step, the input file is
converted into tokens and the efficient suffix array based
algorithm is used to find the repeated tokens. The first
step provides a data in a suitable format for second step.
In the second step, [4] detect clones that occur together
and frequently in a different source by using a frequent
itemset technique. In this step they found some un-
significant files coverage, for these un-significant files
coverage they used third step (clustering highly clone
method). The proposed approach is implemented using
the C++ compiler for efficiency measure; they used the
Java source file as an input to find the clones from it.
Although, this technique can find clone but this detection
is limited to just one programming language.

In [5] hummel et al. have proposed a new technique
for finding clones. Their method is known as “Novel
Index Based”. Their technique is used for both
incremental and scalable to a very large source code. The
incremental based method consists of three steps. In a
first step the source code is read from a disk and
converted into tokens. So the result of this step is the list
of normalized statements for each file. In the second step,
it finds the global statements list for equal sub strings.
The result of this step is cloning information on the level
of statement sequences. In the last step this technique
creates cloning information on the level of code regions
from cloning information on the level of normalized
statements. Their clone index approach is similar to the
inverted index used in document retrieval system. This
method is not only used for the retrieval of all the clones
enclosed in a source file but it is also useful for the
efficient retrieval of clones from the source file. They use
their method in a distributed environment across different
machines for the creation of index and retrieval of clones.
In a distributed environment they experiment on Java, C
and C++ source codes. They have showed the efficiency
of their work experimentally.

In [6] Baxter et al. proposes the Abstract Syntax Tree
(AST) to detect the clones in the source code. Their
proposed approach is the simple one as compared to the
rest of the clone detecting techniques available in the
literature. This technique is efficient and can detect the
clones accurately from the code as compare to other clone
detection techniques which only focus on either the string
matches or near misses only on the body of the
underlying functions. The technique proposed in [6] first
of all the source code is parsed and from this parsed code
an Abstract Syntax tree is produced. Then a set of three
algorithms have been applied on Sub-Tree Clones. In
this step the similarity is measured between the sub trees.
This similarity is measured using the formula given
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below in Eq.1. This AST is used to find the clones
from the source code. The first algorithm is called
Finding

Similarity =2xS/(2xS+L+R)- Eqgl [1]

Where, S is the number of shared nodes [6], L is the
number of different nodes in sub-tree 1; R is the number
of different nodes in sub-tree 2 [6]. The [6] applied their
proposed technique on real world software systems,
which confirms that this new technique [6] can generated
more accurate clone detection results as compared to the
other clone detection techniques. This technique has
following strong points. (1) This technique is
straightforward for detecting the clone in the source code.
(2) It is more efficient as compare to it is proved form the
experimental results [1]. (3) It will defiantly open the new
direction for the detection of the clone code in the source
code of the program. Although [6] has given new
dimensions to the clone detection mechanism but the
technique it uses, AST uses a thresholds value which
eliminates small trees comparisons but the proposed
method failed to find the close clones such that in which
one clone instance is small, and the other is large [6].

In [7] Falke et al. have proposed a method called
“Abstract syntax Suffix Tree”. Their method is used to
find clones in based on [6]. The approach proposed in [7]

is used to find syntactic code clones in an optimal manner.

Their method is very efficient especially in token base
clone detection as suffix tree token base clone detection is
very fast. Basically suffix tree is originally used for
efficient string searching. The suffix tree represents a
string where every suffix is shown through a path from

root to a leaf and the edges are labeled with substrings [7].

Comparison between token base ad AST base shows that
suffix-tree-based study offers a lot of advantages over
other methods. Their comparison shows that token base
clone detector is familiar to a new language in a very
small time. The algorithm of linear time is consists of the
following steps; In a first step, the source code is parsed
and from this parsed code an Abstract Syntax tree is
produced. Then in the 2nd step they serialize the AST
nodes by a preorder traversal [7]. In the 3rd step each
AST node represents a token and suffix tree clone
detection is based on token. In this step the actual value
of string is not disturbed when they are represented as a
node. The output of this step is set of clone classes. The
clone classes are consisting of AST node sequences and
these sequences may or may not be syntactic clones [7].
Therefore in last and 4th step these sequences are
decomposed into syntactic clones. They compare their
method with 9 other techniques which is a plus point of
their technique. Their method is good to find syntactic
clones in a source but their technique is less efficient.

In [8] Jablonski et al. have proposed a new approach
for detecting a copy-and-paste clones and changing the
identifiers name in an integrated development
environment. This technique is called a CReN. CReN
finds the code clones which is occurred during the copy-
and-paste in the integrated development environment
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(IDE) and the proposed method in [8] uses set of rules
which are based on the identifiers relationship in the code
fragments. Their tool CReN is implemented as an eclipse
plug-in in Java [8]. They have performed experiment on
the source code which is written in a Java language. Then
they apply the proposed tool to find the copy-and-paste in
the input file, the proposed tool is a set of identifiers
placed in a code fragment and map the identifiers pairs
which are placed in a same location. Their tool uses AST
API of eclipse JDK framework [8] and this AST allows
the proposed tool is used to create connection in clone
code. The [8] tool is also used for renaming the identifiers
just within copy-and-paste fragments. Experimentally
their tool is so good for clone detection but it is used only
for Java source code.

In [9] Uchida et al. have presented, the broad analysis
of a code clones and for this purpose they use 125
packages of open source which is written in a C language.
For analysis they use a CC-Finder technique to determine
the code clones and evaluate them statistically. They also
use a clone warrior tool for code clone identification for
identifying and classifying the code clones and to
examine the causes for their production. For token base
clone detection they use CC-Finder method which have
an industrial potency and applicable to a million lines size
of source ¢ ode. For detecting a code clones using a CC-
Finder method they follow the following steps; In the
first step, the input files are converted into tokens based
on the lexical analyzer rules of the programming
language [9]. In this step, the proposed method prunes
white spaces and remarks or comments. In the next step,
data types, variables and constants are replaced by the
same respective tokens [9]. This replacement is useful for
identifying a code clones as pair of code lines where only
the variables names are differ. In the last step, all the
substrings which are transferred as token sequences; a
pair of identical substring is detected as clone pair. So,
for visualization of a code clone they used a clone warrior
tool which consists of a graphical user interface (GUI).
Using clone warrior tool, first they specify the criteria for
clone detection i.e. the smallest amount of a fragments. In
next they specify the input files which have to be
analyzed and after all the clones are detected from the
input file and stored in code clone storage and provide the
view in three forms i.e. the file list view, the code clone
list view and the source code editor. This work is
supported by very good explanatory examples. So their
experiment works fine but it is applicable only to a source
file which is written in a C Language.

In [10] Jia et al. have proposed a new technique for the
precise and efficient clone identification. This approach is
called Kclone. It combines lexical and local dependencies
analysis in order to generate precise clones from the data
source without affecting the clone deduction speed. This
technique works in three steps; first of all it converts the
code into an internal representation. After transformation
it identifies those parts that denote clones and finally it
combines the clone pairs into clone classes. For further
details readers are referred to read [10]. Efficiency of this
technique is supported by experiment which performs
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clones deduction in various programming code including
C, C++ and Java. The author have concluded that it is fast
and requires less memory as compare to other clone
detection techniques. Although it can find type 3 clones
from the source code but it is less efficient for type 2
clones.

Shinobi [11] is another useful and novel approach for
the clone’s detection and then the modification of the
code clones. This technique was proposed by Kawaguchi
et al. in 2009. The main features of this technique are to
(1). Identify the clones from the source code and (2).
Highlight these identified clones segments. This
technique is very tightly integrated with Microsoft visual
studio. It works in such a simple way that as it detects the
code clones, it warns the developers about the clones, so
that the developer can get read of it. Shinobi is a token-
base detection method. It takes the source code
automatically and then detects the clones. The source
code may be from a CSV file or source file directory.
This approach is very useful for clone detection while a
developer is working on the software maintenance. The
detail procedure of Shinobi is available in [11]. This work
is supported by very strong arguments. These are (1) It
can be implemented as add-in in Microsoft visual studio.
(2) Its clone detection process is very fast and automatic.
(3) It is very useful in clone detection while a developer
is working in a software maintenance phase. Although,
this technique is simple, fast and accurate it does not
provide any kind of compatibility with other development
environment like Java Netbeans, Oracle edition etc.

There are two types of code defects that may exist in
any of the source code file. These two issues are rule
violation defects and copy-and-paste problems. Zhang
[12] et al. have suggested a model that copes with these
two types of source defects. The authors have used the
data mining technique for their approach. This technique
is frequent pattern mining. It is not an easy task to detect
the programming defects. The proposed approach is
tested with a C source file having 4 million lines of code.
This approach is implemented in C++ and Python. They
perform various experiments. The results of these
experiments clearly show the efficiency and accuracy of
this technique. Since this approach can detects maximum
programming defects in one phase that is why testing
time is very much optimized with this method. The
authors have implemented the data mining techniques
effectively to identify and modify the programming
defects. Although this technique works fine, they have
not compared their experiment results with other
techniques, including [2] and [1] etc.

1. CRITICAL EVALUATION

This section primarily reflects the comparison and
contrast of the above reviewed literature regarding the
different clone detection techniques. It identifies the
similarities and differences among the various research
works on the clone detection algorithms. The critical
review is given in the Table-1(A), Table-1(B) and Table-
1(C), below. This will help for the future research in the
clone identification and deletion of the clone data.
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The clone detection technique in [1] provided
sufficient experimental details of the methods with
implementation in C++ but the method [1] can detect
clones only in one language. In contrary the work [2] also
provided detailed experiments and with C++
implementation but the method [2] can detect clones in C
and C++ source codes. The clone detection approach for
java based source code is provided in. The authors in [4]
and [8] both have provided with sufficient details but [8]
is more accurate as it implements consist renaming
approach in detected clone.

Researchers in [6], [7], [8], [9] and [10] proposed
approaches for detection clones written in C language,
these have provided sufficient details and the results are
presented in tabular as well as graphically format except
[8] and [9]. The author [6] in his future work planned to
provide method which is more efficient and removal of
detected clones. In contrary authors from [8] and [9]
suggested in their future work to extend their approaches
for detecting clones in source code written in more than
one language, but the researcher in [10] has not discussed
any future work. To detect clones written in .Net
language the work [11] provided sufficient details but the
future work is not discussed. The work [12] is Python
based detection tool.

V. CONCLUSION AND FUTURE WORK

In this study, we have presented the summary
information of the different clone detection techniques.
These clone detection techniques are based on the CC-
Finder, CP-Miner, Abstract Syntax Tree, and Frequent
Itemset Technique. In addition, we also have highlighted
the research contributions and found out some limitations
in different research works. Consequently, this work also
depicts the critical evaluation in which comparison and
contrast have been taken out to show the similarities and
differences among different author’s works. The
spatiality of this work is that it reveals the literature
review of different clone detection techniques and
provides a vast amount of information under a single
paper. In our future work, we have planned to propose
our own technique based clone detection technique, and
provide its implementation and compare its results with
the different existing clone detection algorithms.
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Abstract—Parallel computing methods decrease the
processing time in mobile distributed systems compared to
the conventional sequential computing techniques. But as
they are developed from smaller mobile clusters to extensive
mobile grids, they are prone to issues like high latency/jitter,
processing speed, communication overhead, and low data
transfer rate. So, an efficient and optimized parallel
computing paradigm known as Distributed Shared Proxy
Object Model (DSPOM) is developed based on Surrogate
Object Model (SOM) integrated with Distributed Shared
Obiject (DSO) for mobile grid. SOM is chosen to enhance the
resource sharing of mobile grid computing, while DSO is
chosen to reduce the computational complexity. The unused
computing determinant is utilized by SOM to save the
processing time. The transparency of the DSO model in
terms of distribution and heterogeneity reduces the
computational complexity. DSO also enhances the load
adaptability and fault-tolerance to parallel programs on the
mobile grid. The DSPO model performs better in terms of
query time, query latency, packet loss, load adaptability, and
fault-tolerance.

Index Terms—Control Object, Distributed Shared Proxy
Object (DSPO), Mobile Host (MH), Peer-to-Peer (P2P),
Proxy Object (PO), and Surrogate Object Model (SOM).

I. INTRODUCTION

ARALLEL computing is an important aspect in

mobile distributed systems to reduce fault-tolerance,

computational time and overhead. It assigns the
computations in an adaptive manner according to the work
load. When parallel computing techniques are developed
from smaller mobile clusters to extensive mobile grids,
they are prone to issues like high latency/jitter, processing
speed, communication overhead, and low data transfer rate
[1].

Parallel and distributed mobile computing fully utilizes
the computing power in mobile systems. These systems
must ideally offer flexible communication, unlimited
computing capacity and higher availability of the mobile
distributed information [2]. The computing resources of a
distributed mobile system are combined to work in a
common system, forming mobile clusters. A group of
mobile clusters forms a mobile grid, which can be defined
further as a mobile cluster of mobile clusters.

When MHs form a part of the mobile grid, they can be
represented as both ‘consumer’ and ‘provider’ of services
and other data resources. In mobile grids the tasks are
computationally complex and need to be distributed across
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multiple hosts. This requires collaborative processes
between distributed tasks. When MHs are provider of
services and resources, the user needs to be confirmed that
the service can complete the assigned task. Parallel
computing on mobile distributed systems decreases the
computation time, but also brings forth some issues like
load variation, limited node availability, and heterogeneity
in processor speed, network speed, operating system (OS),
and architecture.

A mobile distributed system consisting of
interconnected mobile clusters handles a wvast load
fluctuation on individual mobile nodes. The unused
network computing capacity must be utilized in every way
for maximum efficiency. The programs executed on the
mobile grid should be load adaptive. Conventionally, the
communication processes are executed as a collection of
processes (COP). Using the COP model, a programmer
will not be able to recognize the varying network load
patterns. The initiator node gets heavily loaded during the
program execution, which decreases the performance of
the system.

Generally, mobile distributed systems involve varying
numbers of active and inactive mobile nodes over a period
of time. This should not affect the computation time, but
there would be a significant change with larger differences
in the number of mobile nodes [3]. When two different
program instances use different number of mobile nodes,
the occurrence of node failures is less relative to a single
program execution. When a mobile node or a connection
crashes during a subtask computation, the mobile node
may be activated before the completion of the program
execution.

The variations in the network speeds and processor
speeds results in the higher communication overhead of
the mobile distributed systems. This makes them suitable
only for common parallelism. When the communication
overhead is increased, the speedup of parallel processes is
decreased. The processors in a heterogeneous cluster have
varying speeds and the effective capacity may vary due to
severe loading. Thus, appropriate grain sizes must be
selected during the runtime as an effect of load variation.
So, the programming paradigm must be designed for
flexible task grain size.

The interconnected mobile clusters  possess
heterogeneity in system architectures and operating
clusters. This issue is fixed by mobile distributed operating
systems [4] and mobile distributed file systems [5]. The
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heterogeneity in system architectures has more impact
than that of operating systems.

Some of the existing methods to solve the issues in
parallel computing are discussed. Parallel and distributed
computing has been performed using methods like DP [6],
Moset [7], ADM [8], Sprite [9], EMPS [10], Condor [11],
Piranha [12], Batrun [13], Comet [14], Imapreduce [15]
and NOW [16]. Mobile telemedicine is a recent
application of parallel and distributed computing [17]. A
general telemedicine system consists of a small group of
hospitals which can provide remote healthcare services.
But, in developing nations there is a requirement for larger
Internet-based telemedicine systems due to the large
population is in the rural areas. A variable Internet-based
P2P architecture is applied in these telemedicine networks.
The principle of this system is based on a distributed
context-aware scheduler and a store and forward model.

A transparent programming model can be used for the
parallel communication in a grid [18]. The GDP
(Distributed Pipes with grid abstraction) model performs
the inter-process communication between machines. This
permits the random migration of parallel tasks
corresponding to the grid dynamics. It can support both
sequential load and parallel load. But this model does not
provide support for mobile systems.

The mobility of the mobile hosts (MHs) may lead to
message loss in a distributed mobile computing
environment [19]. The battery power can be greatly saved
when the message delivery is guaranteed exactly once.
The limited resources of MHs involved in the mobile grid
need an efficient communication protocol for delivering
the messages exactly once and avoiding further
retransmissions. So, an exactly once multicast protocol
(EOMP) is used to enhance the power efficiency. An
unreliable wireless MAC layer multicast is used to
transmit the messages to the MHs. This protocol tolerates
the system failures at the mobile support station (MSS) by
switching the MSS as stateless.

Computational mobile grid can also be regarded as an
integration of mobile clusters [20]. Mobile cluster
computing can also be designed using IPv6 protocol [21].
An iterative grid-based application for parallel and
distributed computing is designed in a distributed solution
environment [22]. The environment is based on mobile
agent systems.

The process interactions in distributed computations are
studied in [23]. They are programs whose communications
depend on the transmission of messages. These programs
generally execute on network architectures such as
distributed parallel machines or NOW (Network of
Workstations) [24]. Few example models for process
interaction in distributed computations are heartbeat
algorithms, network of filters, decentralized servers,
broadcast algorithms, bag of tasks, token-passing
algorithms, and echo/probe algorithms. These models
consist of modules such as, computing network topology,
parallel sorting, and termination detection.

Distributed computing can also be tested using tools
such as OptimalGrid which is a middleware pattern for the
computation of larger problems in distributed computing
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applications [25]. OptimalGrid comprises of an automatic
problem partitioning, runtime management, problem
deployment, and dynamic redeployment. CADP 2011 tool
is another tool used for the construction and analysis of
distributed processes [26]. Grumbach and Wang designed
a rule-based language for distributed programming [27].

A cost-effective computing was proposed for the cloud
infrastructure in [28]. This method utilized dynamic
resource management to provide the advantages to the
cloud infrastructure services. An integrated architecture
was proposed to enable migration of virtual machines and
live resource scaling. Shanmugam and Mohamed proposed
a data management scheme for the mobile cloud using
surrogate object [29]. A Surrogate Object based Cloud
Caching (SOCC) procedure was proposed to provide
self-healing ability. The data required for the transfers
between several surrogate objects over the cloud were
saved and the customer requirements were analyzed. Gang
scheduling algorithm was used to schedule the parallel
tasks on the cloud [30]. The surrogate model was evolved
for a transaction management scheme in mobile cloud [31].
The mobile nodes in the cloud transmit the transaction
request to its proximate surrogate object. The surrogate
objects enhanced the network lifetime by checking its data
cache for the execution of the transactions. The fault
tolerance and reliability were enhanced by transferring the
transaction request to surrogate object, while the network
lifetime was increased by transferring the surrogate
objects to the least loaded base stations.

An efficient and optimized mobile grid parallel
computing paradigm known as Distributed Shared Proxy
Object Model (DSPOM) is developed based on Surrogate
Object Model (SOM) [32] and Distributed Shared Object
(DSO) [33]. Grid computing is integrated with service
composition procedure to enhance the accessibility and
computational capability of mobile distributed systems.
The object model comprises of a combination of
middleware solutions, resource-sharing solutions, and
wireless resource access. The mobile distributed system
involving the computational and data resources is modeled
as a Peer-to-Peer (P2P) model [34]. Service composition is
enabled by virtualizing the data resources as services.

Each mobile host (MH) in the wired network is
represented by a proxy object that uses application defined
data structures and methods. These MHs have limited
resources under high mobility. The proxy objects contain a
data cache in the MH and decrease the wireless data
transfers [32]. The location management issue is solved by
providing a unique agent for MH location details.

The optimized parallel computing on the mobile grid is
performed by the distributing and sharing the states of the
local objects [33]. Here, the local objects are the proxy
objects. The unused computing ability in the network is
utilized by this technique. The communication processes
is executed as a single element comprising of many
loosely connected distributed shared proxy objects.

By integrating SOM and DSO, the following benefits
can be achieved:

e DSO is used to increase the information processing
capacity, service sharing by providing context and
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location sensitive information, while the issues due to
the asymmetry of the mobile distributed systems in
network connectivity, mobility, and computing power
are solved by SOM.

e The heterogeneity in operating systems, system
architectures, and load variations are solved in a fair
manner by the DSO technique, while the unused
computing determinant is utilized by SOM to save the
processing time.

e The transparency of the DSO model in terms of
distribution and  heterogeneity reduces the
computational complexity, while SOM is chosen to
enhance the resource sharing of mobile grid
computing.

e DSO also enhances the load adaptability and
fault-tolerance to parallel programs on the mobile
grid.

The remaining part of the paper is organized as follows:
Section II involves the detailed description of the DSPOM
based mobile grid. Section III involves the design issues
observed during the implementation of the DSPOM.
Section IV involves the performance evaluation and
comparison of the DSPOM with SOM and DSO. The
paper is concluded in Section V.

II. DSPOM BASED MOBILE GRID

The proposed mobile grid is defined as a cluster of
mobile clusters [32]. Each cluster is a combination of MHs
and static hosts (SHs) grouped logically/virtually. The
MHs are served by a conventional mobile support station
(MSS). Each cluster is managed by a SH designated as
cluster head (CH). The role of a CH is to manage the
services and resources within its cluster. MSS and CH can
be assigned to the same host when the MSS load is less.
The communication between the CHs of the mobile grid is
performed by a P2P overlay [35].

A. Visualization of Mobile Grid

An example mobile grid structure in terms of distributed
shared proxy objects is shown in Fig. 1. The mobile grid
consists of Mobile Clusters (MCs), Cells, Mobile Support
Stations (MSSs), proxy objects, Cluster Head (CH) which
is also a Static Host (SH), P2P overlay for the
communication between the CHs, and Mobile Hosts
(MHs). The states of the distributed proxy objects alone
are shared.

Each MH is visualized by a proxy object (PO) in the
wired network. This ensures the conservation of
transparency to the imbalance in wireless communication.
An active PO monitors the information pertaining to the
current state. When a MH comes into a specific cell it
transmits a control signal to the MSS of the cell, which
contains the address of the MH’s former MSS. When a
MH enters the cluster for the first time, the address of the
former MSS is specified as NULL, and a PO is created for
complete encapsulation of the mobile device. The object
pointer to a new PO is transferred to its MH for its further
communication with the PO. A unified object model can
be accomplished by visualizing the other MHs and SHs as
independent objects. The multiple interface of an object
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represents the multiple nodal services. The mobile nodes
involved in the computations are optimized into
distributed mobile objects and the mobile grid is converted
from a nodal collection into a distributed mobile objects.
These mobile objects form the basic blocks of the mobile
grid.

The abstraction of MH into PO addresses most of the
critical issues affiliated with the MH [36]. Some of the
relevant aspects of proxy objects are as follows:

e [t gives a solution to the mobile asymmetry problem
due to difference in wired and wireless bandwidths.

e [tavoids the location management issue by defining a
storage point for MH location details.

e [t reduces the query response time and avoids data
loss by caching the host specific data and buffering

the wuser requests temporarily when MH is
disconnected.
e It ensures the optimal utilization of wireless

bandwidth.

The distributed and decentralized nature of the proxy
objects enhance the resource sharing in the mobile grid.
The proxy objects represent the active hosts and the wired
network represents them. The mobility of the MHs does
not degrade the provision of the services because of the
full-state maintenance of hosts. The proxy objects are fully
dynamic, secure, and autonomous i.e., the operational
capabilities of POs even after the MHs are not reachable
and disconnected. The PO may be related to MHs of three
cases:

1. MH outside the local but inside the same MC.
2. MH outside any MC.
3. Foreign MH.

The dynamicity of the mobile grid architecture is
enabled by permitting the alteration of new services and
extending the wired network. This aids the adaptability of
the services based on the necessities of the mobile grid
users. PO possesses the properties and characteristics of a
host. The characteristics of a PO are represented as
attributes, sub-objects, and methods. The attributes of a
PO comprise the computational capability, bandwidth, and
memory consumptions [32]. The sub-objects and the
methods contain the services and other data resources
offered by the host. The integration of the agreement and
security policy by PO for all services specifies the
operation mode of services.

SOM operates in wireless connectivity mode when the
surrogate objects are transferred to the wired network from
the MHs. The state information is used to maintain the
services of PO, even when the MH is disconnected. The
data and services results can be delivered once the MH
reconnects. This programming principle (or) paradigm
enhances security by integrating authority schemes within
the POs to operate the objects and services.

MHs are also information service providers [36]. The
energy and bandwidth consumption can be reduced by
contacting the PO for information rather than contacting
the MHs. Congestion can also be avoided by replicating
the POs, thereby enhancing the system scalability.
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Fig. 1. Proposed mobile grid architecture based on DSPOM.
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B. Management of Services

The mobile grid comprises of services as the basic
blocks for large-scale computations [32]. The main issues
in the mobile grid are service detection and cooperation,
i.e. to synchronize a group of services executing on
heterogeneous resources under various controls in order to
solve a unified problem. The computational resources and
their functionalities are defined as composable services.
Mobile grid applications can be constructed by creating
these services at a higher abstraction level.

Service composition is an important function which
permits various autonomous services to be formed into a
new service with a unique functionality and permits

development of independent and modular services.
Service composition is dependent on the location of the
users and focuses on management of the integrated
services for task completion [32].

Mobile grid formed by MHs poses new obstacles for
service composition. The service results are not displayed
when a user requests a service from a host, but moves to
another host with higher functionality. The result becomes
invalid when the user moves across various access points
for location dependent services. The infrastructure for
service composition of the mobile grid is given in Fig. 2.

Static and Mobile Hosts

Static and Proxy Objects

Distributed Shared Objects

Service Discovery

Service
Compostion

Application

Fig. 2. Layered reference architecture for services management in mobile grid.

The distributed proxy objects structure the principles
through which services are defined and used for resource
sharing in the mobile grid. The services are virtualized as
software  functional components which involves
abstraction of pre-defined functionalities. The services are

announced and discovered using inspection and directories.

After service detection, an appealing element can connect
to the selected mobile device and begin the communication
with its explicit functions via platform autonomous
protocols. A vast conglomeration of composable software
and hardware resources can be obtained by integrating the
services with virtualized hardware resources.

Service detection is an important step, as the system
must find a service before it could utilize it. The mobile
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grid should be capable of supporting variable service
announcement and discovery. The service detection is
based on the characteristics, location, and functionality of
the services [36]. Runtime connection enhances reliability
and load balancing of the system. It also supports a wide
range of application compatibility in terms of network
configurations and platforms. When the task is completed
the services are returned back to the conglomeration for
assignment to other users.

1) Service characterization

The service providers need to issue the constraints and
features of the services. These descriptions are sent to CH
for registration. A discovery protocol is required to map
the services to the application queries. This service model
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has the following advantages:

e No particular schema is needed for the system to work
in a heterogeneous environment.

e Freedom to express conditions on the services the
model is ready to serve.

The characterization of services involves attributes and
conditions [32]. The attributes of the service model
comprise of the resource characteristics such as CPU usage,
location, and free memory. Dynamic characteristics of the
services can be obtained by DPSOs running on the data
resource. Conditions include the limitation expression
given by the service provider for service allocation.

The services are maintained by an exchange service
repository. The logical mobile clusters contain a service
directory in the CH, which is the center for services
registry. A MH that desires to give its services avails the
information in the service directory.

2) Service detection

The services must be identified in order to coordinate
with other mobile users and utilize them. The present
methods for service detection constrain the interoperability
and lead to expressive power loss during component
characterization. The DPSOM gives a clear differentiation
between global service management and local service
management. Global service management groups the data
from the cells into large mobile clusters, thus availing the
data available to the users [36]. It also comprises global
tracking services and search methods for clients. Local
service management controls the services within a logical
mobile cluster or a domain like cell. The directory service
regards the location of two processes in a similar cell also
as same.

Local service management occurs in CH of each logical
mobile cluster. A service is affiliated with the Proxy
Object Identifier (POID) depending on the client’s needs.
The basic requirements for this management are execution
monitor, information database, and scheduler.

e The information related to the data resources and
services are stored in the information database.

e The scheduler computes an association of objects with
services based on the information database.

e This connection is used to contact the objects and
affirm the schedule. All these processes are managed
by the execution monitor.

3) Service composition

The combination of high and low performance devices
interconnected to each other makes the integration and
execution of heterogeneous tasks a tough task [32]. Service
composition is used to construct complex services from
basic services, thus resulting flexibility of new service
creations. It can be shown as a variable integration of
multiple services in the mobile grid in response to a client
request.

The critical issue in service composition involves the
management of disconnections during the execution of
services and formulating context dependent service
execution. The execution of service composition is
performed based on optimal computing resources under
conditions like data resource reliability and execution cost.
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A user initializing a service composite request can also
indulge in another service composition. The P2P overlay
within the CHs ensures the fault-tolerance of the system.

C. Distribution and Sharing of Proxy Objects

A DSO makes use of multiple interfaces, each
composing of a group of methods [33]. The proxy objects
act as local objects in a DSPO. The mobile objects in this
model are passive, while the user threads use these mobile
objects by executing the code for their methods. A single
mobile object can be accessed by multiple processes
simultaneously. The modifications to a mobile object’s
state by a process are visible by the other processes. The
distributive nature of the mobile shared objects enables the
active copies of a mobile object’s state to be stored
simultaneously on multiple machines. But, the
communication protocols, distribution/migration of states,
and replication methodologies are embedded in the
interface.

A significant difference between DPSOs and remote
objects is that there is no priori differentiation between
users and servers. The processes that communicate via
method invocation combine in its object implementation.

1) Merits of DPSOs
Some of the advantages of DPSOs are:

e A distributed proxy object enables well-structured
interfaces to its applications. The user is separated
from the communication and replication processes.

e Complete encapsulation of communication and
persistence in a distributed proxy object. This implies
that the implementation of a distributed system is not
bounded to a small group of consistency algorithms or
communication protocols.

e  Ability to load object implementations at runtime.

e A process consists of a local implementation of the
distributed proxy object’s interface in its own address
space. A DSPO is visualized only as a local object in
the perspective of a process.

2) Architecture of DSPO

The distributed proxy objects are a group of local proxy
objects that communicate and furnish the user of the object
with the delusion of the shared state [33]. This
characteristic is advanced over a remote object model since
it is not bounded to a small set of predefined
communication patterns. The example architecture of a
DSPO is shown in Fig. 3.

The distributed proxy object is used in four address
spaces, where each address space comprises of a proxy
object. The group of proxy objects forms the distributed
proxy object. The proxy objects utilize the communication
services of a network to operate on the distributed proxy
object and maintain the distributed proxy object.

The proxy object implementation is assorted from an
application via an explicit interface table comprising of
method pointers [33]. The interface table is triggered when
the process connects to the object. The contents of the
interface table are variable over time. This enables the
dynamic adaption of the distributed object’s local
implementation. The adaption process does not affect the
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interface to the application that triggers its methods.
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Fig. 3. Example architecture of a DSPO.

The implementation of a distributed proxy object can
utilize  random  communication  patterns  while
communicating with local objects. The communication
process can also integrate data placement and replication.
This scheme is applicable for efficient implementations of
various communication paradigms. There are no
limitations on the predefined operations since the
interfaces are completely user-defined.

D. Transparent Communication
The developer of the distributed proxy object requires

being isolated from the data placement and replication [33].

So, a standard hierarchy is
implementation of a distributed proxy object.
hierarchy of a local object is given in Fig. 4.

The distributed proxy object’s developer is segregated
from communication, consistency management, and
replication by using a communication object and a
replication object. The object developer implements the
semantics object which enables the actual functionality of
the distributed proxy object, while the communication and
replication objects are chosen from a library. A control
object is used to manage the interactions between the
replication objects and the sematic objects as a
consequence of method invocation by an application. The
control object can generated automatically.

The proxy object is capable of exporting methods that
can execute on internal state. A control object is produced
based on the interface to the semantics object. The access
of the control object is synchronized with that of the
distributed proxy object by serializing permissions to the
semantics object. This prohibits the race conditions by
triggering the replication object to stabilize the state of the
distributed proxy object. The interface exported by the
control object is similar to that of the semantics object.

developed for the
The
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Fig. 4. Hierarchy of a proxy object.

Proxy object

The implementation of a method invocation by the
control object is performed via three consecutive steps:

1. The start method controls the execution of global state
functions. During remote execution, the control object
passes the mobilized arguments of the method
invocation to the replication object. The execution of
the replication object occurs according to a specific
replication protocol and returns the mobilized results
to the control object according to the remote method
invocation.

2. During local execution, the control object triggers the
related method on the semantics object. During active
replication with a local copy, the control object offers
the replication object with the mobilized arguments of
the method invocation. Then, the replication object
executes the protocol to transfer the arguments to all
replicas. This enables the synchronization with the
other replicas.

3. Finally, the control object triggers the corresponding
method on the semantics object.

The control object triggers the finish method on the
replication object, which yields the replication object an
opportunity to update the remote replicas. Two extensions
are needed in this model to enhance its practical
performance.

1. The control object and replication object needs to
distinguish various operation types. It is also required
to differentiate operations that alter only a part of the
global state, which may occur in the case of nested or
segmented objects.

2. Few extensions are required on specific criteria to
handle synchronization since the semantic operations
are serialized and not permitted to block for a long
time.

The operations can be secured by providing blocks on a
conditional basis. The status information is returned to the
control object after the possible alterations are made. The
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control object will delay the execution of the operation
until the next state alteration.

This model of shared state comprising of operations
results in passive objects, where the activity is given by the
threads executing in the processes. For secamless
integration of communication in this model, pop-up
threads are instantiated with the incoming messages [33].
So, the communication object will open a new thread to
handle an incoming message. The communication object
inside the new thread triggers a method on the replication
object’s callback interface. The replication object requests
the control object’s callback interface with the mobilized
arguments of the request.

III. DESIGN ISSUES

The performance of the DSPO scheme depends on the
mobility of the nodes, tolerance to network traffic, and
node density. The number of mobile nodes entering a
group of cells should be managed properly. The parallel
computing on mobile grid depends upon several key issues
such as, mobility of nodes, fault-tolerance, connectivity of
mobile nodes, uneven nodal distribution, transmission time,
heterogeneity of nodal performances, and uneven load in
the network.

A. Load Balancing

The optimum number of implementation processes and
their granularities can be computed from the details
respective to the availability of nodes and load in the
network. The various mobile nodes contain partitioned
computation sub-domains. The granularity of each
subdomain depends upon the load ratio on each mobile
node. The heterogeneous load conditions are handled by
issuing load indices (threshold values). The load can be
balanced by nullifying the mobile nodes for which the load
indices cross a specific value. The processing power of
individual elements also contributes to the load balancing
in a heterogeneous group of mobile nodes.

B. Bandwidth

The nodes possess high variations in the network
bandwidth, depending on whether it is a static node or a
mobile node, and on the type of connection to the present
cell. The DSPO model distinguishes the type of
connectivity and provides flexibility in terms of network
bandwidth and task size.

The proxy objects does not support flexible wireless
bandwidth, which is overcome in the DSPO model by
differentiating the type of connectivity in a cell of the
mobile cluster.

C. Handoff Process

When a MH moves from a cell to another, the transition
process is termed as handoff. The channel resources should
be monitored to preserve the connectivity of the network
during handoff. The channel used in the previous cell may
not be reusable in the present cell because of co-channel
interference or adjacent channel interference or low signal
strength. So the transiting mobile device gets separated
from the rest of the mobile cluster. When a fresh channel
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has not been allotted to the mobile node within a limited
time span, the messages transmitted in the network are
delayed, resulting in a retransmission of data.

The transmission time can be limited and the
retransmission of data can be averted by using various
topologies based management schemes. Two types of
topology of nodes are used such as, tree topology and ring
topology. The tree topology consists of an organizational
structure of nodal levels forming a tree. The number of
nodes in the lower level of the tree is greater than that of
the previous level of the tree. Each mobile node in the ring
topology consists of exactly two neighbors forming a
planar structure. This structure rearranges the MHs
arranged in a mobile grid of rows and columns. A
fragmented topology is reframed prior to the deletion of
the pre-defined topology during the traversing of a mobile
node. The reconstruction of the fragmented topology is
based on an optional node to the migrated node. The
reconstruction time should be least for the satisfactory
performance of the mobile grid computing.

The handoff issue was not properly addressed by the
proxy objects, but it is efficiently handled by the topology
scheme introduced in the DSPO model.

D. Disconnectivity of Mobile Nodes

Timers are maintained for the detection of mobile node
disconnectivity from its affiliated cell. A mobile host when
it does not return to its cell within the time set in the timer
and then the sub-process is retransmitted to some other
mobile node. The disconnectivity issue was not properly
addressed by the proxy objects, but it is efficiently handled
by the timer scheme introduced in the DSPO model.

E. Tolerance to Network Traffic

The network traffic generated during the migration of
PO is managed by a real-time queue model. A robust queue
estimation algorithm can be applied for managing the
dynamic network traffic. Reliable and accurate queue
information controls the network traffic of mobile grids
adaptively to the real traffic queue sizes. A primitive
conservation model is used to estimate the queue size
(system state) with the flow-in and flow-out readings.
These results are updated with a measurement equation
based on the time occupancies from link-entrance and
mid-link loop detectors. This model also consists of a
single point correction technique which resets the
estimated results to avoid the counting errors over time.

The network traffic issue was not properly addressed by
individual proxy objects, but it is efficiently handled by the
queue introduced in the DSPO model.

IV. PERFORMANCE ANALYSIS

The DSPO is compared with SOM [32] and ARC [37] in
terms of the following parameters, query time and query
latency with respect to packet loss and migration
frequencies, number of messages exchanged, speedup, and
processing time. Speedup is the ratio of sequential
execution time to the parallel execution time. The network
architecture consists of a heterogeneous combination of 30
mobile and static nodes in a simulated area of 100 * 100 m.



JOURNAL OF EMERGING TECHNOLOGIES IN WEB INTELLIGENCE, VOL. 6, NO. 1, FEBRUARY 2014 127

There are 5 mobile clusters with a cluster head for each
cluster. The nodal velocity is varied from 5 to 30 m/s.

A section of the simulation field is shown in Fig. 5. The
yellow colored links between the CHs represent the P2P
overlay. A CH and their respective nodes are linked by a
DSPO as highlighted by black colored links. The radio of
each node is given as green colored circles. The routing
path of a particular node n11 is highlighted in red colored

lines as shown in Fig. 6.

The frequency of the presence of the mobile nodes in the
respective mobile clusters is computed. Each mobile
cluster is represented by their cluster node (or) home node.
The messages to be communicated in packets are created at
consequent time intervals in the corresponding source
nodes. The messages are relayed to intermediate nodes and
then received by the final destination nodes.

100m,

A

|

[*]

Fig. 5. Section of the simulation field.

[4]

[»]

n11 at (2373.67,1118.04) |29 messages |V| | routing info

Fig. 6. The routing path of node n11 is highlighted in red colored lines.
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Fig. 7. Comparison of query latencies for various packet losses in: (a) SOM, and (b) DSPOM.

A. Query Time and Latency with Respect to Packet Loss

The query latencies are analyzed in terms of query time
for a caching application using SOM and DSPO. The
comparative analysis is performed against simulation time
for four packet loss probabilities of 0%, 1%, 3%, and 5%
as shown in Fig. 7.

The results show that the query time for DSPO model
decreases almost gradually, but the decrease for SOM in
the cases of packet loss probabilities of 0%, 1%, and 3% is
smaller compared to that of the former model. For a packet
loss probability of 5% in SOM there is an increase in query
time after simulation time greater than 1 x 10* s. The query
time for the DSPO model is about 14% lesser than SOM
with respect to four packet loss probabilities of 0%, 1%,
3%, and 5%.

The query time increases as the packet loss probability
also increases in SOM. However, in DSPOM this increase
is not much greater compared to the same in SOM. It can
also be noted that the maximum query time with null
packet loss probability is higher in SOM, compared to the
maximum query time in DSPOM, even with 5% packet
loss probability. The percentage increase in query time for
three packet loss probabilities is observed in Fig. 8.

In the case of packet loss probability equal to 0.3, the
difference in increase of task time between SOM and
DSPOM is about 16%, with SOM possessing higher
increase in query time. The maximum increase in query
time is higher in SOM (19%) compared to the DSPO
model (18%).

B. Query Time and Latency with Respect to Migration
Frequency

The migration of PO to any node in the wired network
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Fig. 8. Increase in query time over increasing packet loss
probability.

and the distributed and shared computing contributes an
advantage over the conventional SOM and DSO methods.
This enhances the load balancing, failure recovery, and
network latency reduction of the system. The effect of PO
migration on the query latency for different migration
frequencies in SOM and DSPOM is analyzed in Fig. 9.
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Fig. 9. Comparison of query times in: (a) SOM, and (b) DSPOM.

The results show that the query time for DSPO model
decreases almost gradually in the cases of migration
frequencies of 1 and 3 and decreases only a bit in the case
of migration frequency of infinity. The query time for
SOM decreases randomly in the cases of migration
frequencies of 1 and 3. It increases randomly in the case of
migration frequency of infinity after a simulation time of 2

x 10*s. The query time for the DSPO model is about 11.56%

lesser than SOM with respect to three migration
frequencies of 1, 3, and infinity.

The query latencies become high when the PO is
migrated for every movement of MH. This is due to the
higher amount of time for migration. But, when the
migration frequency is decreased, the query time is
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increased because the MH moves to various cells but the
PO moves only once. This implies that the query time
remains constant when the PO is static and MH moves
many times. This is due to the fact that the query response
time is dependent on the PO nearness to the initial MSS.
Thus, queries are randomly generated from various parts
of the network.

C. Network Traffic

The network traffic generated due to PO migration is
analyzed for the determination of the freedom of PO
migration. The increase in the number of messages
exchanged relative to simulation time at different
migration frequencies is shown in Fig. 10.
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Fig. 10. Comparison of number of messages exchanged in: (a) SOM, and (b) DSPOM.

The results show that the number of messages
exchanged increases randomly in DSPO model and
linearly in SOM for migration frequencies of 1, 5, and 100.
It is observed that the number of messages exchanged in
the DSPO model is about 12.1% higher than SOM with
respect to the migration frequency of 100. The maximum
number of messages exchanged is higher in SOM (4.183 x
10% compared to the DSPO model (4.635 x 10°).

It is observed that the magnitude of the traffic is higher
when the PO moves for every movement of MH. But as the
migration frequency decreases, the generation of traffic is
much lesser. The migration frequency value other than
unity does not influence the network traffic. This proves
that it is better not to move the PO whenever the MH
moves.

D. Speedup and Processing Time

The mobile grid architecture is realized using a cellular
model with seven nodes as MSSs, and the remaining nodes
are designated as MHs of the mobile grid. The MHs are
partitioned into seven groups, where communication
occurs between the MH of a group with other nodes
through the relative MSSs. Each MH consists of a client
and a DSPO. The clients are involved in the task
submission, while the MHs are involved in the distributed
mobile processing. The performance analysis displays the
speedup attained by the parallel execution of the problem.
TABLE I compares the speedup achieved using the mobile
grid under a different number of participating MHs with
mobility and without mobility conditions.
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TABLE I
COMPARISON OF SPEEDUP IN SOM AND DSPOM
No. of Without Mobility — Speedup With Mobility — Speedup
0.0

MHs SOM DSPOM SOM DSPOM
4 2.745 2.956 2.6 2.754
8 3.889 3.957 3.37 4.245
16 6.778 7.256 5.453 6.235
32 9.948 10.687 8.443 9.256
42 15.632 16.425 12.665 13.687

TABLE 1 shows that the speedup in DSPO model is
higher than that of SOM with and without mobility
conditions. The average speedup for the DSPO model is
about 5.38% higher than that of SOM without mobility
considering MH quantities equal to 4, 8, 16, 32, and 42.
The average speedup for the DSPO model is about 11%
higher than that of SOM with mobility considering MH
quantities equal to 4, 8, 16, 32, and 42. It is observed that in
the case of with mobility, the speedup decreases relatively
in both the cases due to higher processing time taken by
moving devices.



JOURNAL OF EMERGING TECHNOLOGIES IN WEB INTELLIGENCE, VOL. 6, NO. 1, FEBRUARY 2014 131

TABLEII
COMPARISON OF PROCESSING TIME IN SOM AND DSPOM
Without Mobility — With Mobility — Processing
No. of Processing Time (s) Time (s)
MHs
SOM DSPOM SOM DSPOM

4 279 256 302 292

8 197 185 233 225

16 113 105 144 138

32 77 64 93 85

42 49 32 62 59

TABLE II compares the processing time taken for SOM
and DSPOM under a different number of participating
MHs with mobility and without mobility conditions.
TABLE II shows that the processing time in DSPO model
is lesser than that of SOM with and without mobility
conditions. The average processing time for the DSPO
model is about 14.6% lesser than that of SOM without
mobility considering MH quantities equal to 4, 8, 16, 32,
and 42. The average processing time for the DSPO model
is about 4.86% lesser than that of SOM with mobility
considering MH quantities equal to 4, 8, 16, 32, and 42.

A program for solving double precision matrix
multiplication problem is loaded onto the DSO model and
DSPO model. Their overheads are compared in terms of
speedup at no load condition. TABLE III compares the
speedup values achieved for different task sizes.

TABLE IIT
COMPARISON OF SPEEDUP IN DSO AND DSPOM
Task size N(;de Speedup — DSO Speedup — DSPOM
50 x 50 2 1.46 1.65
100 x 100 2 1.75 1.89
4 3.2 3.67
5 3.8 4.05
150 x 150 3 2.63 2.89
6 4.75 4.86
200 x 200 4 3.48 3.78
5 3.48 3.85
8 6.24 6.92

TABLE III shows that the speedup in DSPO model is
higher than that of SOM for various task sizes and numbers
of nodes equal to 2, 3, 4, 5, 6, and 8. The average speedup
for the DSPO model is about 8.5% higher than that of
SOM considering various MH quantities and task sizes
equal to “50 x 507, “100 x 1007, “150 x 1507, and “200 x
200”. It is seen that DSPOM possesses slightly lesser
overhead than DSO technique, with retained features such

as fault-tolerance, heterogeneity support, and load
adaptability.

V. CONCLUSION
Parallel computing methods are preferred over

sequential computing techniques to decrease the
processing time in mobile distributed systems. But they are
subject to many issues such as, high latency/jitter,
processing speed, communication overhead, and low data
transfer rate, when they are developed from smaller mobile
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clusters to extensive mobile grids. So, an efficient and
optimized parallel computing paradigm known as
Distributed Shared Proxy Object Model (DSPOM) is
developed based on Surrogate Object Model (SOM) and
Distributed Shared Object (DSO) for mobile grid.

By integrating SOM and DSO, the following benefits
can be achieved: 1) DSO is used to increase the
information processing capacity, service sharing by
providing context and location sensitive information,
while the issues due to the asymmetry of the mobile
distributed systems in network connectivity, mobility, and
computing power are solved by SOM, 2) The
heterogeneity in operating systems, system architectures,
and load variations are solved in a fair manner by the DSO
technique, while the unused computing determinant is
utilized by SOM to save the processing time, 3) The
transparency of the DSO model in terms of distribution and
heterogeneity reduces the computational complexity,
while SOM is chosen to enhance the resource sharing of
mobile grid computing, and 4) DSO also enhances the load
adaptability and fault-tolerance to parallel programs on the
mobile grid.

POM consists of a grid computing technique and service
composition technology which combines the universal
resource access and middleware solution for mobile
computing to enhance the resource sharing solutions of
mobile grid computing. The wunused computing
determinant is utilized to save the processing time. The
proxy objects are distributed and shared to avail
user-defined functions through distribution and replication
of states. The transparency of the program model in terms
of distribution and heterogeneity reduces the
computational complexity. It also enhances the load
adaptability and fault-tolerance to parallel programs on the
mobile grid. The approach of DSPOM performs better in
terms of query time, query latency, packet loss, load
adaptability, and fault-tolerance.
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Abstract— Deep Web is a widely unexplored data source, is
becoming an important resear ch topic. Retrieving structured
data from deep web pages isthe challenging problem dueto
their complex structure. In this paper, Information extracts
on the Deep Web pages based on the Deep Web Data
Extraction technique (DWDR-IR). Search engines usually
return a large number of pages in response to the user
queries. To help the users to navigate in the result lit,
ranking methods are activated on the search results. In this
paper, a page ranking mechanism called Coherence Ratio
based Page (CRP) ranking algorithm isused. To retrieve the
information accurately, an approach called Wor dNet isused.
WordNet checks the similarity of data records and find the
correct data region with higher precision using the semantic
properties of data records. This concept isvery important to
display the valuable results occur on the top of theresult list
on the basis of browsing behavior of the user, it reduces the
search space and provides high accuracy. This approach
handles the visual features on the deep web data extraction,
including data item extraction, data record extraction and
visual wrapper generation. The proposed work removes all
noise such as header, footer, irrelevant advertisement and
irrelevant content using NoiSe Filter (NSFilter) algorithm.
The proposed method retrieves perfect extraction of relevant
results from the deep web pages. DWDE-IR results higher
precision, recall and filter accuracy than the existing method
VIDE.

Index Terms— Data item extraction, Data record extraction,
Deep web data extraction, Ranking algorithm, Visual
wrapper generation, WordNet.

1. INTRODUCTION

eep web is the web that is dynamically generated

from the data sources such as file systems or

databases. On surface web, data are available through
URLs; whereas in deep web data are guarded by a search
interface. Crawling deep web is the process of collecting
hidden data by issuing queries through various search
interfaces. It includes web services, HTML forms and
programmable web APIs crawls deep web data sources is
essential for several reasons, such as indexing deep web
data sources or backing up data.

Most of the information available on the internet cannot
be directly accessed via the static link; Users must type
some keywords before getting the information hidden in
the web database. Deep web contains 400-500 times more
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information and 15% larger visit capacity than that of
surface web. In addition quality of data is also relatively
higher. All the web databases make up the deep web; it
may be hidden web or invisible web). Generally the query
which is entered by the user is enclosed in web pages in the
form of data records. These web pages are difficult to
index by the traditional crawler based search engines like
Google and Yahoo. Data records on a query result page
display uniformity in their content, appearance and
structure. They show structural and visual similarities. The
displayed data in the primary database, and the data items
for each record are retrieved from the database in response
to the user’s query, the same template is used to present the
record.

The lexical database for the English is WordNet. It is
used to check and find the meaning of words in their
contents using the semantic relations of the words. Usually
WordNet is used for information retrieval and this
approach is also applicable to data extraction on deep web
pages. Most of the existing work deals with the extraction
of data records are based on the theme of identifying
repeated patterns. They identify repeated patterns in the
HTML source code of multiple training pages from a data
source in order to infer a common structure or template
and use it to extract structured data from new pages from
the same source. As most of the web pages are written in
HTML, it is Web page programming language dependent
i.e. HTML dependent. Moreover HTML is no longer the
exclusive web page programming language; the other
languages have been introduced such as XHTML and
XML. Simultaneously to attract human users'
consumption of knowledge retrieved from search engines;
best template designers of deep web pages always arrange
the data records and the data items with visual uniformity
to meet the reading habits of human beings. The
Document Object Model (DOM) is a cross-platform and
language independent convention for representing and
interacting with objects in HTML, XHTML and XML
documents.

In this paper, an efficient Deep Web Data Extraction for
Information Retrieval technique (DWDE-IR) is proposed.
Here Visual Block Tree is used to extract the semantic
structure of a web page based on the visual presentation.
Visual features are used to identify the special information
present on the deep web pages. Then data record
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extraction phase includes the Filtering, Clustering and
Regrouping process. Then Data Item Extraction phase
consists of Record Segmentation and Item Alignment
steps. Finally Visual Wrapper Generation includes Data
Record wrapper and Data Item Wrapper process. The
proposed work removes all the noise blocks present on the
entire web page and also it reduces the time with high
accuracy.

The remaining part of the paper is organized as follows:
Section II involves the works related to the Deep Web
Data Extraction. Section III involves the existing method
ViDE description and problems of ViDE. Section IV
involves the description of the proposed method
DWDE-IR. Section V includes the performance analysis
and explanation of results. The paper is concluded in
Section VI.

II. RELATED WORK

Wei et al proposed a vision-based approach that was
Web-page-programming-language-independent. This
method utilizes the visual features on the deep Web pages
to implement deep Web data extraction including data
record extraction and data item extraction. The evaluation
measure was used to capture the amount of human effort
needed to produce the extraction [1]. Hong proposed a
method WordNet to check the similarity of data records
and detect the correct data region with higher precision
using the semantic properties of these data records. The
proposed method extracts three types of data records
namely single-section data records, multiple-section data
records and loosely structured data records [2]. Lin et al
proposed an algorithm for discerning the common path
based on hierarchical DOM. Based on the common path
and predefined regular expression the target data of the
Deep Web was extracted [3]. Han et al proposed a Deep
Web data extraction and service system based on the
principle of cloud technology. A multi-node parallel
computing system structure was adopted and a task
scheduling algorithm was designed in the data extraction
process. In this paper, the lask load was balanced among
the nodes to accomplish the data extraction rapidly [4].

Srikantaiah et al proposed a similarity based web data
extraction and integration system (WDES and WDICS) to
extract search result pages from the web and integrate its
contents to enable the user to perform intended analysis.
The system provides for local replication of search result
pages. This system results better precision and recall than
Data Extraction based Partial Tree Alignment (DEPTA)
[S]. Li et al proposed a Web data scheme and a domain
data model. It also puts forward the web table positioning
and web table records extracting based on web data
schema and an integration algorithm based on the main
data model [6]. Huang et al proposed an approach to
minimize the communication cost to select the appropriate
query. A set covering model was used to indicate the web
database. An incremental harvest model was learnt by the
machine learning method to select the appropriate query
automatically [7]. Hong et al proposed an approach for
information extraction based on fast heuristics techniques.
Filtering rules was used to detect and filter out irrelevant
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data records. A tree matchnig algorithm was also used to
increase the speed of data extraction. A data alignment
algorithm was proposed to align iterative and disjunctive
data items [8].

Kayed et al proposed an approach to measure the
relevancy of retrieved web sites to user query concepts and
rank them accordingly. a relevancy measure called
ontology concepts was proposed. It hepls to re-rank the
retrieved documents according to their relevancy to the
search query [9]. WSD have been implemented in Lucene
using query expansion with thesaurus and relevance
feedback. The extended Lesk algorithm was
re-implemented to disambiguate the query using WordNet.
Expansion terms were limited up to 20 words chosen from
expansion term candidates from disambiguated query’s
senses information, co-occurrence terms and most
frequent terms using Kullback-Leibler Distance. The
process gets iterated to find the best number of expansion
iteration. This method provides better understanding of
WSD in information retrieval system performance.

Du and Hai proposed an extension similarity and an
intension similarity that analyzed a user’s browsing
patterns and their hyperlinks. Also the information content
similarity between two nouns were compared
automatically by examining their ISA and Part-Of
hierarchy and using a user’s web log. A method for
computing the semantic similarity between two concepts
in two different lattices and finding the semantic ranking
of web pages is proposed. This method proved that the
semantic ranking of web pages is useful and efficient for
making a web crawlers choice of a web page [10]. Palekar,
et al utilized the visual features of the deep Web pages to
implement deep Web data extraction including data record
extraction and data item extraction [11]. Das and Kumar
designed a technique called Hidden Web Query Technique
(HEET) for modelling and query the hidden web. Also a
new approach to modelling of consecutive forms and
concept of comprehensive form have been presented [12].
Kayed and Chia Hui proposed an unsupervised page-level
data extraction approach to deduce the schema and
templates for each individual deep websites, which
contains either singleton or multiple data records in one
web page. FiVaTech handles tree matching, mining
techniques and tree alignment to achieve the challenging
task. [13].

Sreekrishna et al proposed a semantic ontology based
deep web data classification method (SODWEB). This
method is used to classify the data in the deep web
automatically. The URL is choosen for the process of
analyzing the semantic association among the concepts.
Then the URL of deep web search source was mapped to
the category hierarchy obtained [14]. Patel et al proposed
an effective Deep web data integration approach based on
Schema and Attributes Extraction of Query Inetrfaces.
This approach avoided the incorrect subsets while
grouping attributes and is highly effective on schema
extraction of source query interfaces on the invisible web
[15]. Anderson and Hong proposed a novel approach for
extracting the data records from deep web pages [16].
Based on structural regularity, visual and content
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similarity between data records displayed on the query
result page. This approach used to identify each data
record individually while ignoring noise items such as
navigation bars and advertisements. This approach
resulted higher accuracy.

Miao et al proposed a method for record extraction that
captures a list of objects in a more robust way based on a
holistic analysis of a web page. It focused on the repetition
of tag path appears on the DOM tree of the web document.
This paper introduced a similarity measure that captures
the visual signal. Tag paths are clustered based on the
similarity measure and sets of tag path that form the
structure od data records and extracted [17]. Mukherjee, et
al classified users based on their internet usage patterns
and for each class, maintain a cache of web documents.
Searching the contents is based on term set analysis and
direction cosine distance approach. Finally a more
actualize and relevant result set were generated for the
query [18]. Bronz, et al proposed an innovative approach
that aims at pushing further the level of automation of
existing wrapper generation systems by leveraging the
redundancy of data on the web. The result of this approach
shown a relevant improvement in the precision of the
extracted data without a significant loss in the result [19].
Li and Xie proposed a keyword-based user interface
system EasyUI for achieving web-scale data integration
and easy to use for ordinary users. Also the following
challenging areas were addressed: indexing schemata
terms, data values and domain features of the Deep Web,
processing user input, mapping the user query to the
domain that the user query most likely corresponds to, and
translating the user query into candidate structured queries
for the domain. [20].

III. EXISTING METHOD- VIDE

A. Description of ViDE

ViDE is the Vision Based Approach for Deep Web Data
Extraction, that is
Web-page-programming-language-independent
methodology [1]. This approach uses the Visual Block
Tree to extract the semantic structure of a web page based
on the visual presentation. Visual features are used to
identify the special information present on the deep web
pages. It includes the Data Record Extraction process such
as Filtering, Clustering and Regrouping. Filtering removes
the top and bottom records of the web page. Clustering the
blocks is based on block similarity. The regrouping
process uses the regrouping algorithm to regain the blocks.
Data Item Extraction phase includes Record Segmentation
and Item Alignment process. Record segmentation uses
the heuristic rules to segment the records. Data Item
alignment focuses on the problem of how to align the data
items of the same semantic together and also keep the
order of the data items in each data record. Finally, the
Visual Wrapper Generation process includes data record
wrapper and the data item wrapper. The data record
wrapper locates the data region in the Visual Block tree
and then extracts the data records from the child blocks of
the data region. The data item wrapper takes the attributes
{a1, ap,....,8,} which are obtained from the sample page
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and a sequence of data items {itemy, itemy, ..., item}
obtained from a new data record, the wrapper process the
data items in order to decide which attribute the current
data item can be matched. This process is much faster than
the wrapper generation process.

B. Problemsin ViDE

Extracting structured data from deep web pages is a
challenging problem due to their complex structure. Until
now, there are a large number of techniques have been
proposed to overcome this problem. But all of them have
some limitations because they are
Web-page-programming-language  dependent.  ViDE
system can only process deep web pages containing only
one data region not in multidata-region. It removes the
noise blocks on the top and bottom of the web pages and
does not guarantee the removal of all the noise blocks.
Record segmentation process is based on Visual Block
tree. ViDE system takes a long time and low efficiency in
extraction.

IV. DWDE-IR: DEEP WEB DATA EXTRACTION FOR
INFORMATION RETRIEVAL

A. Basic Concepts about Web Page and Layout

The web pages consist of different kind of information
in the form of texts, images, flash, video etc. The Web
Page Layout is represented as a coordinate system. The
origin locates at the top left corner of the web page. The
x-axis is represented as left - right horizontal position and
the y-axis are represented as top - bottom vertical position.
Suppose each text or image is incorporated in a minimum
bounding rectangle with their sides are parallel to the axes,
then a text or image has an exact coordinate (X , ) on the
web page. Here X refers horizontal distance from the origin
to the left side of its corresponding rectangle and Y refers
vertical distance from the origin to the upper side of its
corresponding rectangle. The x and y coordinates and sizes
of texts or images on the Web page from the Web Page
Layout.

B. Visual Block Tree and Visual Features

Vision-based Page Segmentation Algorithm (VIPS) [1]
aims to extract the semantic structure of a web page based
on its visual presentation. Such semantic structure is
usually called as a tree structure. Each node in the tree
correlates to a block. Each node will be assigned a value
called the Degree of Coherence. It is used to indicate how
coherent of the content in the block based on visual
perception. The algorithm extracts all the suitable blocks
from the HTML DOM tree and then it finds the separators
between these blocks. Separators denote the horizontal or
vertical lines in a web page that visually cross with no
blocks. Based on these separators the semantic tree of the
web page is constructed so that the web page can be
represented as a set of blocks. Noisy information such as
navigation, advertisement and other decoration can be
easily removed because they are often placed in certain
positions on a page. Contents with different topics are
categorized as separate blocks.
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1) Visual Features

Usually web pages are used to broadcast information to
users like other kinds of media such as newspaper and TV.
Visual features are very important to identifying special
information on web pages. Deep web pages contain data
records which are retrieved from the web databases.

The visual features are recognized based on its four
features:

1. Position features (PF)

2. Layout features (LF)

3. Appearance features (AF)
4. Content features (CF)

Position features demonstrate the location of the data
region on deep web page. Data regions are always placed
centered horizontally. Layout features show that how the
data records in the data region is commonly arranged.
Appearance feature catches the visual features within data
records. Content features trace the regularity of the
contents in data records.
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Fig.1. (c) Visual Block Tree

C. Data Record Extraction

Data record extraction aims to locate the boundary of
data records and extract them from the deep web pages. So
the following three techniques are incorporated:

1) Filtering— NSFilter Algorithm

Using NSFilter algorithm, all the noise blocks located
on the web page are removed. Noise blocks are present on
anywhere on the web page body. Existing system removes
only the noise blocks present on the top and bottom of the
webpage. To overcome this limitation proposed system
introduced the NSFilter algorithm.

for each LF;in LF

If LF; = center
Add into FB; /Iremoves header, footer,
right
|eft noises
end for

for each FB in new

if FB = Error
FB= FB- FB; /I removes advertisements and
unwanted contents
end for
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Here FB is the filtered block list. Error contains the
unwanted information blocks which are to be removed.
Data regions are always placed centred horizontally.
NSFilter removes all the noises such as header, footer,
advertisements and other unwanted information’s present
on the webpage.

2) Clustering- Aggregate Clustering Approach

The filtered blocks are clustered using an Aggregate
cluster approach based on the block and value similarity.
In the existing system, similarity can be calculated using
how many blocks present in the same type of the web page.
It depends based upon the block count, not a value
presented on the web page. To overcome this problem
proposed system clusters the block based on both block
similarity and value similarity. The equation for
computing the appearance similarity between two blocks
b, and b, is given below:
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Sim(bsy, bs;) = w; * simlmage(bsy, bsy) + Wy *
simPText(bgy, bs;) + wy * simLText(bgq, by,)
(1)

where smimage(bg, by), sSimPText (by, bs), and SimLText
(bgg, be) are the similarities established on image size,
plain text font and link text font. Wi, Wy , and Wi, are the
weights of these similarities.

The equation for computing the appearance similarity
between two values v; and v, of two blocks (bg, by) is
given below:

Sim (vq,v,) = w; * semsim (v4, ;) 2

where simlmage (1, V), SMPText (vy, Vo) and sSimLText (vy,
V,) are the similarities based on Image tag, Plain text
content and Link text content. W, Wy , and W are the
weights of these similarities.

min{Ta;(bs1),Ta;(bsz)}
max {Ta;(bs1),Ta;(bsz)}

SimImage(bgy, bsy) =
(3)

= Tai(bs1)+Ta;(bsz)
L' Tap(bs1)+Tap(bsz)

“)

min{Tfp¢(bs1),Tfpe(bs2)}

SlmPText(bSl, bSZ) - max {Tfpt(bs1),Tfpt(bs2)}

(5)

b Tt a0
pt Tap(bs1)+Tap(bsz)

(6)

min{Tf¢(bs1),Tf1t(bs2)}

SimLText(bs1, bs2) = LT oo T 52}

(7

Taj(bs1)+Taye(bs2) (8)

W =
7 Tay(bsy)+Tap(bsy)

Tot text vy + Tot text v,
Tot bg1+Tot bg,

&)

t =

Here Ta;(b) represents the total area of images available
in block b. Ta,(b) denotes the total area of block b.
Tf,:(b) denotes the total number of fonts of the plain text
available in block b. Tay,(b) is the total area of plain text
in block b. Tf;;(b) denotes the total number of fonts of the
link text available in block b. Ta;;(b) is the total area of
link text in block b.

Clustering the blocks based on blocks and value
similarities:

Sm(byby) =
(10)

sm (bs, bs) + sSm (v, W)
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Where Sm(by,b,) denotes the similarity measure
between the blocks and value. The nearest value among
the blocks are clustered based on the eqn(10)

3) Regrouping- MERGE Method

The clustered blocks are needed to regroup, such that
the blocks belonging to the same data record form a group.
Existing system uses the manual process of regrouping
according to their position. The result of the existing
system is not so accurate for regrouping. So in this work
MERGE method is used to merge the blocks based on their
tags, value and data block.

Algorithm: Regrouping- MERGE METHOD

Input: Ky, Kp... Ky : group of clusters generated by blocks

clustering from a given deep web page A.

Output: dy, dy... dy: each of them corresponds to data

record on A.

Begin

//Stepl: Sort the given blocks in k; according to their

position

(based on top to bottom; then left to right)
1: for each cluster k; do
2: for any two blocks b;; and b;xin k
IN<<k<| k|

3: if bjjand b; are in different lines on A, and b; is
above b;;

4: bije b //lexchange their orders

in k;

5:  elseif b;jand b;y are in the same line on A, and by is
in front of by

6: bidH bix

7. dse

8 if sim (biJ, bi,k) > threshold

9: merge (b;j, bix);

10: end until no exchange occurs;

11: form the minimum-bounding rectangle Rct; for k;;

//Step2: Initialize g groups and g is the number of data
records
on A
12: Kinax= {Ki | 1k;] = max{|ky|, k2| ... [km}}; /9
=lkmaxl
13: for each block byuxi in Kmax
14: initialize group V;;
15: put by into Vi;

//Step 3: Insert the blocks into right groups and each group
corresponds to a data record

16: for each cluster k;

17: if Ret; overlaps with Rctya,on A

18: if Rct; is ahead of (behind) RCtyay

19: for each block b;;in k;

20: find the nearest block by in Kmax that is behind

bi; on the web

page;

21: place b;;into group V;

End

D. Data ltem Extraction

In this paper, the problem of segmenting the data
records into a sequence of data items and aligning the data
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items of the same semantics together are focused. To
address this issue, two techniques are used.

1) Data Record Segmentation- MSEGMENT Algorithm

The regrouped records are taken as inputs to segment
the data records. The records within a data area are
identified as sub-trees. The sub-trees rooted through
children of the data area root. The segmentation process
depends on record separators i.e sub-trees interleaved with
data records. The root node of a record separator is a child
of the data area root and it does not contain any text or
URL. Since each of the record contains only one instance
of matching node (MN), the segmentation process
heuristically identifies the areas belonging to a single
record.

Seps for MSegment Algorithm

Input: Regrouped records
Output: Segmented records

Consider CR
Expand CR
Consider S of CR
If SeRS
Consider CR as PR
Else
Compute dist between two CR
Consider all 2 x (dist-1) to left and right ST
Repeat step 8 to all CR and compute similarity
between the identified expansion
10 If several expansion have same similarity
11 Choose the highest similarity among R

O 0010 DN WK —

Here CR denotes the candidate record, RS denotes
record segmentation, S is the siblings of the CR, PR
denotes proper record and R denotes records.

In the first step of the algorithm, each sub tree in the
DOM containing a single MN and rooted at a direct child
of the data area root is considered as a CR. A successive
step tries to expand the CR to adjacent sub trees in the
DOM. Therefore consider the S of CR. If they are RS,
consider each CR as a PR; otherwise compute the distance
between CR as the number of S between their root nodes.
Then consider all the 2 x (dist-1) expansions of a record to
left and right adjacent sub trees. Apply the same expansion
to all the CR and compute the similarity. Choose the
highest structural similarity among R.
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Fig.2. Extracting information from the web database

2) Data Item Alignment- Nested Structure

The data records are represented as {r r,...r,} and each
data record r; is denoted as a sequence of data items {item;,
item, item,,}. The entire data item has a unique position
in its corresponding sequence according to the semantic
order.

Data item alignment focuses on the problem of how to
align the data items of the same semantic together and also
keep the order of the data items in each data record.
Proposed work uses the nested structure for data item
alignment.

Given a column ¢, which contains n data values, the
intra-column similarity similarityjy, be the average data
value similarity within each column in ¢,

m—

o 5 Sptgal
Similarityierq = 2 %_q:pq (11)

Here Ly is the data value similarity between pth and gth
data values of ¢;.

For two columns ¢; and ¢, which has fand g data values
respectively, the inter-column similarity similarityipe is
defined to be the average data value similarity of every
pair of data values in ¢; and c,.

N o1 Thet L
Similarity ey = “f—’;ﬂ (12)

Here Ly is the data value similarity between pth data
values of ¢, and qth data values of ¢, using the data value
similarity. After similarityiya and  similarityie are
calculated for identified columns c, , if sSimilarityiye /
similarityina > Ses is a threshold that is set to 0.5, ¢, is
assumed to be a nested column set, which means that the
data values in it are generated from a nested structure.

E. Visual Wrapper Generation-MViDE

Wrapper Generation includes data record wrapper and
the data item wrapper. They are the programs which
execute the data record extraction and data item extraction
with a set of parameter extracted from sample pages. Each
Web database a normal deep Web page containing the
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maximum number of data records are used to generate the
wrappers.
1) Data Record Wrapper

For each of the record, visual data record wrapper find
the first block of each record and the last block of the last
data record (b pr). To achieve this objective, the visual
information of the first block of each data record extracted
from the sample page is saved and the distance (t) between
two data records are also saved. For the child blocks of the
data region in a new page, find the first block of each data
record by the visual similarity with the saved visual

information. Then b, pron the new page needs to be placed.

The vertical distance between any two neighboring blocks
in one data record is always smaller than t and the vertical
distance between b prand its next block is not smaller than
t. Hence the first block is recognized whose distance with
its next block is larger than t as b pg.

2) Data Item Wrapper

The data alignment algorithm groups data items from
different data records into columns or attributes such that
data items under the same column have the same
semantics. Given a sequence of attributes {t;tp,...,t,}
obtained from the sample web page and a sequence of data
items {d;d,,...,dn} which is obtained from a new data
record. The data items are wrapped in order to decide
which of the attribute matches the current data item. For d;
and t;, if they are same as T,B and A then their match is
recognized. The wrapper then checks whether d;;; and tj,
if not, it checks d;and tj;; Repeat the process until all the
data items are matched to their corresponding attributes.

T is the font used by the data items, B denotes Boolean,
and A is the image, text, number, date etc.
F. Query Processing

The data record list and item are extracted from the
database. Then the extracted result of the database is
compared with the user query. The co-occurrence ratio is
calculated for the user query and the extracted data record.
Co-occurrence ratiol is calculated using query and the key
term. Co-occurrence ratio2 is calculated using query and
the extracted record list. When the information is queried
through a search engine, the result will be presented as a
list, and the result which best satisfies the user demand
will appear at the top of the list. The web pages are
displayed based on the Page Ranking Algorithm.

Co-occurrence Ratiol
R1 =it Sim(q, t;) (13)

where Sm is the similarity measure between query ¢ and
key term t;.

Co-occurrence Ratio2

R2 =Y, SEMSim(q,t;) (14)
where SEMsim is the semantic similarity between query q
and t; is the extracted record list based on WordNet [2].
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Fig.3. Flow for generating accurate results

Algorithm-CRP Ranking

Input: Query, Extracted record list q;
Output: Score List
Convert q into t1, t2... t,;
for (j=1; j<=n; j++)
Calculate R1 using eqn (1)
Calculate R2 using eqn (2)
C[j]:kl *R1 +1\2*R2,
end for

Select the top k results from the result set, select (R, K);
Here k; and k, are the weighting coefficient, k; + k,=1.

Based on this algorithm the similarity measures are
calculated and the web pages are displayed based on the
best score among the matched web pages.

V. PERFORMANCE ANALYSIS

In this paper the performance quality is measured using
Precision, Recall, Filter Accuracy and search time
between the proposed system DWDE-IR and ViDE. The
implementation is carried out by taking the two datasets
like GDS and SDS.

A. Precision

Precision is the fraction of retrieved instances that are
relevant. Precision is calculated correctly based on the
extracted data items and records with the total number of
extracted data records and items.

Recc
Rece

Precision for data record extraction =

(15)

where Rec.is the total number of correctly extracted data
records and Rec. is the total number of data records
extracted.
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Precision for dataitemextraction = —=2 (16)
Iteme

where |tem, is the total number of correctly extracted data
items and Iteme is the total number of data items extracted.

Fig.4. and Fig5 are the precision output for the existing
technique ViDE and the proposed method DWDE-IR for
record and item extraction.
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Fig.4. Precision between ViDE and DWDE-IR for record extraction
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Fig.5. Precision between ViDE and DWDE-IR for item extraction

B. Recall

Recall is the fraction of relevant instances that are
retrieved. Recall is calculated correctly based on the
extracted data items and records with the total number of
data records and items.

Recall for data record extraction =

(I

Rec,
Recy

where Rec.is the total number of correctly extracted data
records and Recy is the total number of data records.

Item,

Recall for data itemextraction = ——= (18)
Itemg

where Itemis the total number of correctly extracted data
items and ltemy is the total number of data items.
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Fig.6. and Fig.7 shows the comparison of recall calculated
for record and item extraction between VIiDE and
DWDE-IR. The result shows that the proposed system
DWDE-IR generates better relevant instances than the
existing system ViDE.

C. Filter Accuracy
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Fig.8. Filter Accuracy between ViDE and DWDE-IR

DWDE-IR generates more accurate result than the
existing ViDE approach. DWDE-IR removes the noise
present on anywhere on the webpage; whereas ViDE
removes only the noise present on the top and bottom of
the webpage.

D. Search Time

The searching time for the proposed DWDE-IR
consumes less time when compared with the existing
ViDE. It is shown in Fig.9.
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Fig.9. Search time between ViDE and DWDE-IR

VI. CONCLUSION AND FUTURE WORK

The problem of Deep Web Data extraction has received
a lot of problems in recent years and most of the proposed
solutions are based on HTML source code. In this paper,
an efficient Deep Web Data Extraction for Information
Retrieval technique (DWDE-IR) is proposed. The
proposed system is html independent and can even process
deep web pages containing multiple data region.
DWDE-IR removes all the noise blocks such as header,
footer, irrelevant advertisement and irrelevant content
from the webpage. It uses the page ranking algorithm to
display the best suited result at the top of the result list.
The processing time is quite less and also produces high
accuracy results. The proposed system results higher
precision, recall and filter accuracy than the existing
approaches.

In future, the different types of wrapper generation
method are applied to test better data record wrapping and
data item wrapping. Then best clustering technique is
incorporated to attain an accurate information retrieval.
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Abstract— WiMAX standard also known as |EEE 802.16 is
a wireless MAN standard driven by WiMAX Forum.
WIMAX forum defines specification for QoS provisioning
for manufacturing of WiMAX equipment by different
vendors but the amount of bandwidth allocated to specific
service in WIMAX is still an open issue. A number of
algorithms have been presented to satisfy the diverse QoS
requirements for traffic in WiMAX networks. The focus of
all these algorithms is towards real time traffic. Non real
time traffic like nrtPS and BE is quite often neglected. This
paper is an attempt towards fair allocation of resources to
non real time traffic simultaneously taking care of real time
traffic also. The approach uses uncertainty principles of
fuzzy logic to calculate new weights for different flows and
makes allocation based on these new weights. Simulation
results show that the proposed scheme was able to meet
required performance levelsfor both kinds of traffic.

Index Terms—Scheduling, | EEE 802.16, fuzzy, weight

1. INTRODUCTION

Ever increasing demand for multimedia application has
shifted the focus of wireless fraternity to IEEE 802.16
standard, also known asWiMAX,. It is designed to
provide both wired and wireless broadband access in
Metropolitan areas [1] [2] guaranteeing minimum quality
of service (QoS) for both real and non real types of
applications. In order to make resource allocation
effective WiMAX support scheduling based channel
access in which different resources like time, frequency
are allocated in proportion to service priorities calculated
on the basis of bandwidth request made by different SS.

Support for varying applications is provided by
associating each connection between BS and SS to five
different service classes as defined by the standard. UGS

Unsolicited grant service (UGS) applications are fixed
size real time applications with streaming on a periodic
basis, e.g. VoIP without silence suppression. Real time
polling service (rtPS) provides real time applications with
variable-size data packets streaming on a periodic basis,
e.g. MPEG video. Non-real time polling service (nrtPS)

©2014 ACADEMY PUBLISHER
doi:10.4304/jetwi.6.1.142-147

is for non real time Variable Bit Rate applications that are
delay tolerant and require minimum bandwidth guarantee
e.g. FTP. Best Effort service(BE) is used for best-effort
traffic such as HTTP or www. A new service flow called
extended real-time Polling was added in IEEE 802.16e
standard to incorporate the advantages of both UGS and
rtPS. The signaling mechanism in WiMAX permits SS to
predict its bandwidth requirements and request for it
from BS and BS makes the allocation on the basis of
bandwidth requested and QoS parameters for the
connection.

Each frame in WiMAX is divided into two parts :
downlink and uplink subframe. Downlink subframe is
used by BS to send control and data information to
different SS while uplink subframe is utilized by SS for
data transmission. Time slots are granted to a connection
depending on service flow of connections.IEEE 802.16
standard defines QoS service framework for different
services as shown in figure 1. but how much amount is to
be allocated for each service has been left as open issue
to be explored and implemented by equipment
manufacturers. This paper is an attempt in this direction.
The proposed scheme uses the dynamism provided by
fuzzy logic and can be easily implemented in base
stations. This paper is organized as follows. Section-II is
devoted to studies available in this direction followed by
proposed scheme in the next section. Simulations and
results are given in next section and finally conclusion is
presented.

II. RELATED WORK

Problem of bandwidth allocation and scheduling of
resources together form one of the major challenges in a
packet switched network like WiMAX and literature is
rich enough with a number of studies in this direction.
For the design of new approach authors has studied a
number of papers few of these are listed in this sections.

Shreedhar andVarghese[3] presented a changed form
of round robin method and named it deficit round
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robin(DRR) whch they hope will provide O(1)
complexity if specific constraints are met. The scheduler
has disadvantage as only one packet can be served from
the queue which may lead to real time packet missing
their deadlines.

Wongthavarawat et al.[4][5] utilized multiple

algorithms for scheduling of different service classes.
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priority in the order of UGS>>rtPS>>nrtPS>>BE. A
connection admission mechanism using token bucket has
also been proposed.

Ball et al. [6] proposes a RR scheduler instead of
assigning priority to real time applications tries to
allocate resources to all connection in a round robin
fashion. The results indicate that although BE service
performs good but performance for real time application
is not good enough however algorithm simplifies the
complexity as no decision time was required.

Authors of [7] and [8] has proposed weighted round-
robin (WRR) and earliest deadline first (EDF) schemes.
The transmission in EDF is as per their associated
deadlines while WRR provides allocation in round robin
manner but different flows or connections are associated
weights. Proportional fairness (PF) scheme was
implemented by etl al in[9]. Allocation in PF is to the
connection with highest priority which may lead to
starving of low priority flows. Other schemes like
Weighted fair queuing (WFQ) in [10] and modified
largest weighted delay first (M-LWDF) in [11] scheme
are also available.

J. Sun et al[12] proposed two different schedulers for
BS and SS. Priorities to UGS and bandwidth requests
opportunities for rtPS and nrtPS connections were
assigned at the time of connection setup. Data grants for
rtPS, nrtPS classes were scheduled taking into account
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bandwidth request information and their minimum
requirements. The residual bandwidth was distributed in
accordance to pre-assigned weights. Fixed priority
scheme was implemented at SS assigning priorities of
1,2,3 and 4 for for BE, nrtPS, rtPS and UGS service
classes respectively. UGS is allocated guaranteed
bandwidth at the first instant, deadlines for rtPS packets
were then calculated based on arrival time and tolerated
delay and were scheduled on the basis of approaching
deadlines. For nrtPS packets each packet is associated
with virtual time that is calculated to guarantee minimum
reserved bandwidth and all BE class were scheduled in
FIFO manner.

N Liu et al [13] presented another scheme that uses
combination of three different schedulers to meet Qos
requirements of various classes. Scheduler I serves time
sensitive traffic streams like UGS, rtPS and nrtPS and
uses EDF algorithm. WFQ was used to schedule
minimum bandwidth reserving flows like nrtPS where
weights were in proportion to bandwidth requirements
while BE also employs WFQ scheduling technique which
was implemented by scheduler 3. Weights in scheduler 3
correspond to traffic priorities of each BE connection and
these schedulers were served in fixed priority order with
scheduler I being assigned highest priority. The proposed
scheme used to plan contention and reserved transmission
opportunities in accordance to bandwidth availability.
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Juliana Freitag et al.[14] wused the concept of high,
intermediate and low priority queues to handle varying
types of traffic. High priority queue is used to handle
flows that must be scheduled in next frame which
includes UGS packets and uni-cast request opportunities
for rtPs and nrtPS flows. Intermediate and low priority
queues were used to handle rtPS, nrtPS and BE flows
respectively. Queues were served using strict priority
however starvation was handled as request whose
deadline is going to expire is migrated to high priority
queue.

One of the most recent work in the field of dynamic
scheduling has been done by M. Fathi et al[42] where a
joint scheduling and CAC method is proposed. WFQ was
used initially to assign weights to different classes in
accordance to priorities. Bandwidth allocation is done on
the basis of packet dropping probability.

The papers discussed in this section indicate that non-
real time traffic is always sacrificed to real time traffic
which tends to degrade the performance for non-real time
applications. In actuality non-real time traffic holds a
very large share of traffic on a network. This means that
non-real time traffic cannot be neglected and a suitable
scheme is necessary for making fair allocations to it.

I1I. PROPOSED SCHEME

The scheduling problem in WiMAX is quite novel as it
has to satisfy a number of applications and these

applications tend to have different QoS satisfaction levels.

WiMAX has dynamic QoS and SS request resources
from BS for transmission on the basis of its incoming
traffic. Requirement of incoming traffic can change
momentarily in multimedia application and therefore
choosing a single and fixed bandwidth allocation
mechanism for all sorts of application is not good idea as
it may deteriorate QoS levels and real time applications
can starve non-real time application like BE and nrtPS.
In such situations a bandwidth allocation mechanism that
can adapt itself to the changing requirement of QoS will
be preferred. Authors in this paper tend to solve
scheduling problem in WiMAX using a dynamic
approach that is based on the principles of fuzzy logic.
The indecisive theories of fuzzy logic are very helpful in
providing solution to the problem where designing of
exact mathematical models is very difficult. The main
aim of the scheduler is to provide fairness in terms of
bandwidth allocation to neglected traffic classes of nrtPS
and BE.

The traffic in WiMAX consists of combination of real

and non-real time applications categorized into 5
different QoS service classes namely Unsolicited Grant
Service(UGS), ertPS(extended real time polling service),
rtPS (real time polling service), nrtPS(non-real time
polling services) and BE( Best Effort ). Out of these first
three belong to real time traffic class while the last two
fall to non real time traffic class. Both these traffic have
different QoS parameters ,real time traffic requires a
guaranteed delivery of packets within stringent time

©2014 ACADEMY PUBLISHER

constraints while maximum sustainable time requirement
of non-real time traffic shall be satisfied by the
implemented scheduler. Therefore the designed scheduler
shall be able to adhere to these requirements and shall
provide a fair share of allocation to both these classes of
traffic.

The fuzzy approach proposed in this study takes as
input two variables, latency requirements for real time
traffic and throughput for non-real time traffic. The
output of the fuzzy inference system is weight, whose
value will be used to make bandwidth allocations to both
these classes. The respective membership functions for
all three variables are shown in figures( ). The fuzzy
system is built over five different linguistic variables for
all the input and output variables .The membership
function are defined as NB(Negative Big), NS(negative
small), Z(Zero), PS (Positive small) and PB(positive big).
The range of all these variables is from 0 to 1. The rule
base consists of 5 x 5=25 rules which is considered to be
sufficiently large for two input fuzzy inference system is
used for inference database. The rule base has been
defined considering the nature and dynamism of input
traffic.

The default weight for any flow in WFQ is calculated
from the following equation

Rmin(i)

Zio Rmin(p) M
Where And Ry ;) is the minimum reserved rate for

w; =

flow(i) and all flows shall satisfy the constraint of equation 2.
row; =1 0.001 =w; <1 (2)

The fuzzy system consists of three steps:-fuzzification
where the system reads in system input variables ie
throughput and latency. Fuzzy reasoning where input
state variables read in previous step are manipulated as
per the rule base and provides an output value. Last step
defuzzification, employs centre of gravity method to
calculate a crisp value for our output variable weight. The
outputted value is taken as the weight for real time traffic
and weight of non-real time traffic is calculated by
subtracting from 1 since the total weights for all queues
shall satisfy the constraint defined in 2. The bandwidth
allocation to different queues is made on the basis of
weight assigned to that queue using the bandwidth
allocation formula

Wi

Bandwidth = Rpyg X 55— 3)

i=oWi

1V. RESULTS AND DISCUSSION

In order to implement the concept of adaptive weight
calculation for scheduling, a wimax network consisting of
one BS and a number of SS was created in a simulator
written in C++.The mail aim of the simulation is to check
whether the proposed scheduler is successful in providing
fairness to nrtPS and BE classes. The performance of
these traffic classes is observed with varying number of
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real time connections. Performance is studied on the basis
of parameters like delay and throughput. Various
simulation parameters used are defined in table
1.Simulation is aimed at making sure that the proposed
scheme is able to provide a relative good QoS levels or
not. This is done by increasing the number of UGS
connections in the scenario while keeping number of rtPS

and nrtPS fixed. Scenario consists of one BS and 110 SSs.

For experimentation 10 ertPS, 10 rtPS connections,
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Fig 3 :- Fuzzy membership diagram for input variable latency
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25 nrtPS connections and 25 BE connections were
established, and the number of active UGS connections
were varied from varies from 10 to 40. The performance
is verified by measuring the delay and throughput of real
and non real time traffic with an increase in number of
UGS connections.
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Fig 4 :- Fuzzy membership diagram for output variable weight

TABLE 1:
SIMULATION PARAMETERS FOR SCENARIO

Simulation parameters
Radio type 802.16 Radio
Operating frequency | 2.4GHz
Transmission Power | 30(dbm)
Channel Bandwidth | 20MHz
FFT Size 2048
Antenna Model Omni directional
Cdl Radius 1500 m
Frameduration 10ms
Number of nodes 110
Base Station 1
Node placement Unifrom
M obility M odel Random way point
Pathloss model Two-ray
Latency for Vol P <150ms
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Fig 5:- Delay of UGS, ertPS and rtPS

Figure 2and 3 shows plot of queuing delay incurred by
real time traffic consisting of UGS, ertPS and rtPS traffic
classes and non real time classes consisting of nrtPS, BE
with an increase in number of UGS connections. The
variation in the queuing delay of UGS connections is
minimal since they have the highest priority. Delay for
ertPS and rtPS classes shows an increase when number of
UGS connections approaches above 30 which is
understandable as more resources are used to satisfy high
priority traffic. The delay for nrtPS and BE traffic classes
shows the maximum variations. The delay for both these
classes shows steep rise when amount of traffic increased
in the network, this was expected since these classes have
minimum priority amongst all traffic classes. Inspite of it
the delay values are considerably manageable and
scheduler was able to provide acceptable levels of delay
for all classes.

delay non-real time v/s
UGS connections

—=—delay_nrtPs

delay (seconds)

——delay BE

10 15 20 25 30 35 40

UGS connections

Fig 6:- Delay of nrtPS and BE classes

Figure 7and 8 shows the plot of throughput for real and
non real time classes with variations in UGS connections.
The graph shows that throughput obtained for UGS is
maximum and is almost fixed and does not show any
variations as per IEEE 802.16 WiMAX standard.
Throughput for ertPS and rtPS was quite good until
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number of UGS connection increased beyond a limit after
which the throughput for nrtPS started to decrease but the
throughput for ertPS is still competitive enough.

Fig. 8 shows the throughput of the nrtPS and of the BE
connections. nrtPS throughput shows small oscillations
and scheduler provided with minimum bandwidth to
achieve minimum threshold levels for nrtPS class. The
BE service enjoys the same throughput as enjoyed by
nrtPS service for small number of active connections,
since the scheduler could have allocated the residual
bandwidth to this service. When number of connections
is high, the throughput for BE decreases

V. CONCLUSION

The above study proposed an adaptive scheduler for
solving bandwidth allocation problem for WiMAX
networks using the concepts of fuzzy logic. The proposed
method supported different traffic types as specified by
the standard and takes into account the QoS requirements
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for making bandwidth allocations. The fuzzy system
makes its scheduling decision on the basis of two input
variables and gives queue weight as its output. Traffic in
WIMAX networks consist of mixture of real and non-real
time traffic and simulation shows that proposed scheduler
was able to handle both these classes fairly. The
scheduler was able to satisfy the latency requirements for
real time and minimum throughput requirement for non
real time traffic efficiently.
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Abstract— A wide range of different image modalities for
medical imaging are available now-a-days which provide
view of internal structures of the human body such asbrain,
kidney, liver etc. Among these medical image modalities,
Ultrasound (US), Magnetic Resonance Imaging (MRI),
Computed Tomography (CT), Positron Emission
Tomography (PET) and Positron Emission Tomography
combined Computed Tomography (PET/CT) imaging has
gained importance in research areas. The key problems
within medical image analysis techniques are segmentation
and shape feature extraction that will be referred to in this
paper. Segmentation of grayscale medical images can be
difficult since the intensity values between healthy tissue
and tumor may be very close. PET/CT provides more
accur ate measurements of tumor size than is possible with
visual assessment alone. In this paper, segmentation method
for the detection of liver tumor in PET/CT scansis proposed.
The images are denoised using median filter and binary tree
guantization clustering algorithm is used for segmentation.
Finally ROl selection and shape feature extraction is
performed on the selected cluster to quantify the size of the
tumor and to check the accuracy of our method with
original image and K-means Clustering method.

Index Terms— Denoising, Liver segmentation, Binary Tree
Quantization Algorithm, K-means Clustering Algorithm,
Shape Featur e Extraction.

1. INTRODUCTION

Tumor/ Cancer are the abnormal growth of cells or
tissues in the organ. Liver Cancer is a common type of
cancer that affects the largest organ in the abdomen, the
liver. There are two types of liver cancer namely Primary
Liver Cancer and Secondary Liver Cancer. Primary liver
cancer is the cancer that originates from the liver itself.
This type of liver cancer is also known as hepatocellualr
carcinoma (HCC) or hepatoma. It is the fifth most
frequent cancer form in the world and third leading cause
of cancer death. HCC cases mostly occur in Asia and
Africa, but its number is increasing rapidly in U.S. and
other western countries [1]. Secondary liver cancer is the
cancer which originates in other organs but then spreads
to liver [2]. Secondary liver cancer is also known as
Metastatic liver cancer. Our interest of research is
hepatocellular carcinoma, which we will further refer to
as liver tumor. According to American Cancer Society [3],
men suffer from liver cancer more than women. As per
data from the World Health Organization (WHO), less

©2014 ACADEMY PUBLISHER
doi:10.4304/jetwi.6.1.148-156

than 30 cases per 100,000 people worldwide die as a
result of liver cancer, with high rates in parts of Africa
and Eastern Asia. So, it is clear that the major cause of
death in human is considered to be liver tumor [4]. There
are various signs and symptoms of liver tumor which
include unexplained weight loss, swollen abdomen,
yellowish skin, dark colored urine, pale colored stools,
few weeks of appetite loss, feeling full even after a small
meal, high temperature and sweating, vomiting and
nausea. There are various risk factors that can lead to
liver cancer such as Hepatitis B infection, Hepatitis C
infection, excessive alcohol consumption, diabetes and
obesity.

Analyzing medical images manually is very difficult
due to large size of medical image database, so computer
oriented surgery has become one of the major research
subject [5] and this has led to medical imaging modalities
such as X-ray, CT [6], Magnetic Resonance Imaging
(MRI) [7, 8], SPECT [9], PET [10] and ultrasound [11,
12].

In this paper, problem of PET/CT based liver
segmentation to detect liver tumor is addressed using
Binary tree quantization clustering algorithm and feature
extraction is performed to calculate area, perimeter and
equiv-diameter of tumor detected by binary tree
quantization. These are calculated to check the accuracy
of our process and all the parameters of the output image
are calculated and compared with the original input
image. Binary tree quantization clustering algorithm is
used as it directly works on the RGB image which
eliminates the requirement of converting the grayscale
image into colored image and so is well suited to be used
for PET/CT images. Firstly image pre-processing is done
to reduce the effect of noise and preserve liver tumor
edges for successful segmentation. Then, Binary tree
quantization clustering is applied for segmentation. After
segmentation, ROI selection is done manually to
calculate various features of tumor. Finally the method is
compared with same features calculated for original
image and traditional K-means clustering algorithm for
checking the performance of our method with K-means
method. The results show that the method successfully
segmented tumor with accuracy compared to K-means
method. In PET/CT imaging modality, within a single
scanner PET and CT scans are combined and hence in a
single scanning session this modality provide both
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functional and anatomical imaging [13] i.e. in PET/CT, in
the same session, images are acquired from both the
modalities sequentially which are then combined into
single superposed image. CT pictures of the body
structures are taken firstly. Then at the same time, areas
where cells are more active than normal cells of the body
are shown up by the radioactive substance. Both the
information is then combined by the scanner which
allows the doctor to visualize changes in the cell’s
activity (if any) and know where the changes are
happening exactly. The most commonly radioactive
substance used is 18F-FDG (fluorodeoxyglucose). For
carrying out the PET/CT scan, radioactive substance is
injected through a small tube which is put into the veins
in the back of hand or arm. The scan is carried out only
when the body has absorbed the radioactive substance (it
takes at least one hour) and the bladder is emptied. The
patient needs to lie down on a narrow table which moves
through the scanner and detector. During the scan, X-rays
emitted by the CT scanner go to the detector through the
patient’s body to generate its anatomical structures. Then
PET scanner (which is a large machine with round
doughnut shaped machine in the middle similar to CT and
has multiple rings of detectors), detects the radiations
which are emitted from the patient because of the
radioactive substance which is used by the computer to
generate the cell activity (functional activity) in tissues of
the body. All the cells in the body use radioactive
substance (namely F18-FDG) as an energy source. So,
cancer cells grow more rapidly than healthy cells. This
forms the image generation in PET/CT scans. Due to
reduced scanning time in PET/CT, it is considered
reliable in clinical practices [14].

II. RELATED WORK

Variety of segmentation methods have been proposed
for CT, MRI and PET images to detect tumor but there
have been little attempts to work on PET/CT images.
Amir H. Foruzan et.al [15] proposed a technique for
segmentation of liver in CT data for liver initial border
estimation in which they started with image
simplification, then searched rib bones, connected them
together to find ROI of liver. They then used split
thresholding technique to segment the images. Different
colors were assigned to objects present in ROI, the split-
threshold step and the objects that were found in 75% of
right part of the abdomen. After this a colored image was
obtained in which liver had a specific color from where
liver boundary was extracted. In the method of Xing
Zhang et.al [16], automatic liver segmentation included
average liver shape model localization in CT via 3D
generalized Hough Transform, subspace initialization of
Statistical Shape Model through intensity and gradient
profile and then deforming the model to liver contour
through optimal surface detection method based on graph
theory. LasZlo Rusko et.al [17] method automatically
segments the liver using region-growing facilitated by
pre- and post-processing functions, which considers
anatomical and multi-phase information to eliminate over
and under-segmentation. Hassan Masoumi et.al [18]
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extracted features of liver region in MRI images using
watershed algorithm and artificial neural network leading
to automatic liver segmentation. But all these methods
resulted only in liver boundary and did not detect liver
tumor. O. Lezoray et.al [19] proposed an unsupervised
clustering technique in which watershed operates on
distance function to centers of class for determining the
number of classes. In this method, segmentation of
colored image considered pairwise color projections
where each of these projections is analyzed to look for
the dominant colors of 2-D histogram and to fully
automate the segmentation, energy function was used to
quantify the quality of the segmentation. But the
difficulty with the histogram method is to identify peaks
and valleys in the image. Marisol Martinez-Escobar et.al
[20] first colorized the pixels representing tumor and
healthy tissues and then used threshold method for
segmentation to detect tumor to overcome the problem as
faced in histogram. But these methods are either
performed on CT or MRI images or the images are first
colored and then segmentation is applied. Since
morphological changes always precede metabolic
changes and are detected through imaging modalities like
CT or MRI, PET is expected in enabling an early
assessment of response to treatment. 18F-FDG PET has
been reported to give earlier response for tumor detection
than CT [21].

Positron  emission  tomography (PET)  with
18FFluorodeoxyglucose (18F-FDQG) is widely suggested
method medical imaging as numerous tumors are
diagnosed very accurately which has improved the
decision for therapy consideration and assessing patients
having cancer at different stages in the last two decades
[22, 23]. It is based on the tumor specific high
intracellular accumulation of the glucose analog
fluorodeoxyglucose (18F-FDG) [24]. It gives tumor’s
physiological information and its metabolic activities [25].
PET/CT provides functional and anatomical imaging
within a single scanner in a single scanning session [26].
Though PET has been replaced by PET/CT, most of the
segmentation work to detect tumor has been done on PET
only [27-30].

Baardwijk et. al [31] provided the advantage of PET
combined CT images for the segmentation purpose.
Potesil et. al [32] segmented PET/CT images using initial
hot spot detection and segmentation in PET for tumor
structure appearance and used shape model to classify
voxels in CT. Xia et. al [33] proposed an expectation-
maximization algorithm using stimulated annealing to
automatically segment brain PET/CT images. But long
execution times were the main drawback of this method.
Yu et. al [34] proposed the co-registered multimodality
pattern analysis segmentation system (COMPASS) to
extract texture features from PET/CT and then used
decision-tree based K-nearest-neighbor classifier to label
each voxel as either “normal” or “abnormal” and the
performance was compared with threshold methods: SUV
value and signal/background ratio. Yu et. al [35]
evaluated the effectiveness co-registered segmentation
method to distinguish tumor from healthy tissue in
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regions of head and neck. Most approaches use standard
uptake value (SUV) to detect tumor which is a semi-
quantitative normalization of FDG uptake in PET images
and gives concentration of FDG in dose/gram body mass.
But these approaches are basically used to evaluate the
value and application of FDG PET/CT in clinical
practices to detect tumors. It is clear from the literature
review that most of the work is done either on CT, MRI
or PET images alone. Most of the segmentation work has
been done using thresholding algorithms, region-based
algorithms, edge-based algorithms, watershed algorithms,
fuzzy clustering based algorithms and graph-based
algorithms in PET images, CT images or combined
PET/CT images. But these methods have various
limitations. Thresholding algorithms depend on intensity
distribution of image. In PET and PET/CT images,
thresholding and graph based methods are generally
based on SUV values which are sensitive to volume
variation in tumor or structural/functional volumes. Edge-
based algorithms produce disjoint edges. Region-based
algorithms require manual initialization. Watershed
algorithm leads to over-segmentation and is poor in
detecting thin structures in images. Graph based
algorithms provide global solutions and so are
computationally expensive. Fuzzy clustering based
algorithms require training of the dataset and the
accuracy depends on the selected training samples and
therefore, these are more tedious to use. The proposed
algorithm i.e. Binary Tree Quantization Clustering
Algorithm is conceptually simple as it is based on divide
and conquer rule which recursively divides the problem
(image) into sub-problems where solving the sub-
problems and combining their solutions give the solution
to the original problem. The method makes use of binary
tree structure so it reduces the computation greatly and
does not lead to over-segmentation.

III. PROPOSED WORK

Our proposed method for PET/CT-based liver
segmentation to detect tumor and perform feature
extraction consists of 5 steps as shown in figl. The
method started with reading the input image and applying
the RGB median filtering which is to be done to remove
noise to increase accuracy of our process. The output of
median filtering process is taken as input for
segmentation. Then image clustering is performed using
binary tree quantization method to segment the image. In
this method on the basis of the color, the clusters of
pixels are computed. Then feature extraction is done for
calculating area, perimeter and equiv-diameter of tumor
detected by binary tree quantization. By this procedure
we came to know about accuracy of our process. For this
we have compared all the parameters calculated on our
output image with the original input image. Finally the
method is also compared with traditional K-means
method.

A. Preprocessing

Noise in PET/CT images may be caused by variability
in organ/tissue which looks like random noise. Noise can
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be removed by smoothing the image with a two types of
filters i.e. low pass averaging filters and low pass median
filters. Low pass filtering means removing the high
frequency content from the image. Noise is a high
frequency component and hence low pass filtering is used
to remove noise.

Read PET/CT image

v
Preprocessing
L4
Clustering based Segmentation Algonithm

L)

Choose the best cluster
v

ROIselection and Measurement of area, perimeter,

and equiv-diameter

Companison with K-means

method
End

Fig 1: Flowchart of the Proposed Method

Low pass averaging filter is also known as linear filter
where value of each pixel is replaced by the average of all
the values of intensities in the neighborhood defined by
the filter mask and image with reduced sharp transitions
in intensities is produced. However, low pass averaging
filter results in blurred edges. Low pass median filter is
also known as non-linear filter as its response is based on
the ordering of the pixels in an image, and replaces the
value of a pixel by the median of the intensity values in
the neighborhood of that. In our work to remove noise,
we denoised the image using 2D-median filter in which
depending upon the intensity, the pixels in the
neighborhood window are ranked and the median (i.e. the
middle value) becomes the output value for the centre
pixel. The image is denoised using median filter rather
than averaging filter as it removes noise without
distorting the edges. This is because in median filtering,
the output value is from the neighboring values, new
unknown values are not created near the edges, so median
filtering is more effective when our main aim is to
simultaneously reduce noise and preserve the edges. To
apply median filter on colored images, number of colors
is firstly determined in the image and then the filter is
applied on each color separately. All the denoised
components are combined to get the final denoised image
i.e. image is firstly converted into red, green and blue
planes or constituents, median filtering is then performed
on red, green and blue constituents separately and then all
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the denoised RGB constituents are combined to get the
final denoised image.

The output of median filtering process i.e. the denoised
image is taken as input for segmentation step. Steps of
median filtering are shown in fig 2:

Input PE1L/CT image of liver

@

Inage converled into R.G_.B planees

@

Red plane noise remowval

i

Green plane noise remowal

4

Blue plane noise removal

L

Final Denoised image

Fig 2: Flowchart of median filtering in all planes of RGB image

B. Segmentation

The denoised image is taken as input for segmentation.
The proposed segmentation algorithm is based on binary

tree quantization algorithm performed on PET/CT images.

In this method on the basis of the color, the clusters of
pixels are computed. The Orchard and Bauman method of
binary tree is the base of this algorithm. Orchard and
Bauman proposed a divisive palette generation algorithm,
which uses a local optimization strategy in selecting the
splitting axis (i.e. RGB co-ordinate axis of the color
plane). In this method, partition with the largest eigen
value is chosen to be split. Eigenvalue is the scalar which
is associated with eigenvector where eigenvector is a
vector that changes its magnitude but not its direction.
The splitting axis is the one that passes through the
centroid of all the colors in that region and must be
perpendicular to the direction of the maximum total
squared variation which is derived from the eigenvalue
and eigenvector of the covariance matrix of the data in
that particular region. The splitting of a node into two
nodes is equivalent to selecting a plane which best splits
the cluster's colors which can be found with principal
component analysis (PCA) and it is called the principal
axis or the eigenvector with largest eigenvalue. Mainly
variance of the split node is reduced along the direction
of principle eigenvector, so decrease in total squared error
is considered to be proportional to total squared variation
along the principle eigenvector. Therefore, it is best to
split the node with the largest principal eigen vector. To
conclude:

All the pixels are placed in the same cluster in the
beginning. The cluster is then split around its mean value
projection on the first principle component. The
parameters to the clustering algorithm are the number of
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clusters, K, to use which is set/input by the user, and the
first cluster;.

Initialize the first cluster, £

Calculate the mean, 4, , and the covariance matrix
21 of the cluster £y

For i=2 to K do

Find the cluster,£, with the largest eigenvalue and
its associated eigenvector &,,.

Split £, in two sets along the mean value projections
on the
fx € C, :

original cluster with other half € = €, — €;.

eigenvector, C; =

l!i.f I, = Ggﬂn} and update the

Compute mean and covariance matrix of the two
halves obtained in step2 as ftyr e 8 Gree I .

C. ROI Sdection and Shape Feature Extraction

After segmentation, Region of interest (ROI) is
selected using GUI based polygon method which selects
a polygonal region of interest within an image [36]. Then
shape feature extraction is performed on the selected ROI
to calculate area, equiv-diameter, and perimeter of the
tumor. Area used to calculate the actual number of pixels
in the region. Equiv-diameter is the scalar which specifies
the diameter of the region of interest. Perimeter gives the
distance between each adjoining pair of pixels around the
border of the region.

D. K-means Clustering Method

K-means method is a data-clustering algorithm which
groups together the objects with similar characteristics to
form clusters. The number of clusters (k-clusters) to be
formed to classify the dataset is fixed apriori and is given
as input parameter. Each object is assigned to the cluster
which is close to it. The mean of the cluster is
recomputed and the process is repeated again. It works as
follows:

Cluster seeds are chosen at random initially i.e. value
of k which represent “mean” of the clusters.

Each object is assigned to the cluster close to it based

upon the Euclidean distance between the object and

the cluster center. The object is assigned to the
cluster with the smallest squared Euclidean distance.
For each cluster, new cluster center is recomputed as
average of the objects/points in that cluster.
Step 2 and 3 are repeated until no more objects are
left for assignment to the cluster i.e. until the clusters
converge.

K-means method was implemented so as to compare

its results with our proposed method to check accuracy.

E. Comparison of Proposed Method with K-means
Clustering Method

The proposed method is compared with k-means
method to check for accuracy of segmentation. This was
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done by comparing the shape features of the proposed
method with the features extracted from original image
and k-means clustering method. The shape features used
for comparison are area, perimeter and equiv-diameter.
These shape features have been used as a measure to
quantify the size of tumor which is one of the prime
concerns for medical practitioners and patients.

IV. VISUAL RESULTS OF PROPOSED METHOD AND K-
MEANS CLUSTERING METHOD

The binary tree quantization method was evaluated on
PET/CT liver images obtained from multi-specialist
hospital. We have tested our algorithm on twelve PET/CT
images. The images of liver tumor were provided by a
reputed hospital and no detail of the patient history was
provided. Accuracy of our method is compared with
traditional K-means clustering approach. Output resulting
images of the proposed method on first pateint chosen at
random are shown from figures 3-7 and output images of
K-means method are shown in figure 8. A Visual
comparison of the best image produced by the proposed
method and k-mean clustering is also presented in figure
9.

l. Fig 3 shows the Original PET/CT scan image of
liver tumor

Fig 3 : Original PET/CT scan image of Patient-1

2. Fig 4 shows the Red, Green and Blue Constituents
of Figure 4.1

(a) (b)

Fig 5: (a)Red Constituent; (b)Green Constituent; (c)Blue Constituent

3. Fig 6 shows the Denoised Image after Median
Filtering

Fig 6 : Figure 4.1 after filtering
4, Fig 7 shows Output of Binary Tree Quantization
Clustering Method
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(b) best cluster

(d) (e)
Fig 7: Clusters of Figure 4.3 after Binary Tree Quantization Clustering
Fig. 7 shows various clusters generated by binary tree
quantization clustering method where (a) cluster] roughly
shows the organs excpet the liver; (b) cluster2 shows the
brightened tumor detected by the proposed method and so,
is selected as the best cluster for feature extraction; (c)
cluster3 shows the organs other than liver; (d)-(e) cluster4
and 5 show liver area; (f) cluster6 shows the rough
boundary of the detected tumor in liver.

5. Fig 8 shows the Output of K-means Method

(a)Cluster 1 (b) Cluster 2 (c) Cluster 3
(best cluster)
Fig. 8 shows various clusters generated by k-means
clustering method where (a)-(b) cluster 1 and 2 do not
show the entire tumor present in the liver; (c) cluster 3
shows the entire tumor present in the liver and so is taken

as the best cluster for feature extraction.

Fig 9 show the visual comparison of the proposed
method with k-means method

(b) (c)

Fig 9 Visual Comparison of proposed method with k-mean clustering on

Patient-1(a) Original Image (b)Best image of proposed method (c) Best
image produced by k-means method.

Fig 9 draws a visual comparison of the best clusters
produced by our method and k-mean clustering method.
The output shows that proposed method performs better
than k-mean clustering as it had detected the tumor
present in the image very clearly. The size and shape of
the tumour is very much similar to original PET/CT
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image.Although some tiny spots other than tumor are
detected but they are negligible.

From the visual results of binary tree quantization
method and k-means clustering method it is clear that
clusters generated by the proposed method are more
accurate, clear and brighter than the clusters generated by
k-means clustering method. Tumor detected in the best
cluster by the proposed method is close to the tumor in
original image whereas k-means method was not able to
detect tumor completely or tumor detected is not clear.

V. QUANTITATIVE COMPARISON OF BINARY TREE
CLUSTERING METHOD AND K-MEANS AND ORIGINAL
IMAGE

To check accuracy of the proposed method, the method
is compared with traditional k-means clustering method
and original image by calculating shape features on the
selected cluster. Shape features calculated on original
image, best cluster generated by binary tree quantization
method and k-means clustering are shown in section A, B
and C respectively.

A. Shape Feature Results on Original Input Image

All the shape features calculated on original input
image are shown in table:

TABLE L.
RESULTS ON ORIGINAL IMAGE
Images Area Perimeter Equiv-
diameter
Image 1 3333 514.5412 65.1437
Image 2 2527 191.9239 56.7228
Image 3 950 154.4092 34.7790
Image 4 955 132.8528 34.8704
Image 5 223 56.4264 16.8503
Image 6 493 97.3970 25.0541
Image 7 1551 203.2376 44.4387
Image 8 2822 60.526 59.9423
Image 9 3181 551.0437 63.6410
Image 10 255 60.8701 18.0188
Image 11 3770 239.9239 69.2828
Image 12 2690 325.0193 58.5236

B. Shape Feature Results on Best Cluster Generated by
Binary Tree Quantization Clustering Method

After selecting the best cluster, shape features i.e. area,
perimeter and equiv-diameter are calculated on ROI. This
result is given in tablell as:

Image 2 2290 166.7107 53.9974
Image 3 873 143.9828 33.3397
Image 4 839 92.4264 32.6841
Image 5 133 33.6985 13.0131
Image 6 415 92.4264 22.9868
Image 7 1329 123.0538 41.1356
Image 8 2683 56.2843 58.4474
Image 9 2863 361.6051 60.3762
Image 10 243 59.2132 17.5897
Image 11 3743 238.9361 69.0343
Image 12 2632 304.5341 57.8893

C. Shape Feature Results on Best Cluster Generated by
K-means Clustering Method

After selecting the best cluster, shape features i.e. area,
perimeter and equiv-diameter are calculated on ROI. This
result is given in table III as:

TABLE III:
RESULTS OF K-MEANS METHOD
Images Area Perimeter Equiv-diameter
Image 1 747 47.6985 30.8401
Image 2 974 70.5269 35.2156
Image 3 633 136.6102 28.3894
Image 4 750 111.2965 30.9019
Image 5 113 22.6274 11.9948
Image 6 383 81.6985 22.0828
Image 7 1095 193.8234 37.3390
Image 8 1783 23.8995 47.6465
Image 9 582 116.8112 25.9282
Image 10 146 48.1421 13.6343
Image 11 3642 232.1076 68.0965
Image 12 1546 269.8650 443670

TABLE II:
RESULTS OF BINARY TREE QUANTIZATION CLUSTERING
Images Area Perimeter Equiv-diameter
Image 1 3195 215.3381 63.7809
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D. Comparison with Original
Method

Quantitative results obtained from binary tree
quantization are compared results obtained from k-means
method to check accuracy of the results with the same
shape features calculated on original image. Relative
accuracy of each calculated shape feature is calculated as
modulus of calculated value minus original value divided
by original value. This is shown in table IV:

Image and K-means
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TABLEIV:
COMPARISON OF PROPOSED METHOD WITH K-MEANS CLUSTERING METHOD AND ORIGINAL IMAGE BASED ON SHAPE FEATURES

S.No Images Area Relative Perimeter Relative Equiv-Diameter Relative
Accuracy Accuracy Accuracy

1 Original 3333 514.5412 65.1437

Proposed 3195 0.041 215.3381 0.581 63.7809 0.020

K-means 747 0.75 47.6985 0.907 30.8401 0.526
2 Original 2527 191.9239 56.7228

Proposed 2290 0.093 166.7107 0.131 53.9974 0.048

K-means 974 0.614 70.5269 0.632 35.2156 0.379
3 Original 950 154.4092 34.7790

Proposed 873 0.081 143.9828 0.067 33.3397 0.041

K-means 633 0.333 136.6102 0.115 28.3894 0.183
4 Original 955 132.8528 34.8704

Proposed 839 0.121 92.4264 0.304 32.6841 0.062

K-means 750 0.214 111.2965 0.162 30.9019 0.113
5 Original 223 56.4264 16.8503

Proposed 133 0.403 33.6985 0.402 13.0131 0.228

K-means 113 0.493 22.6274 0.598 11.9948 0.288
6 Original 493 97.3970 25.0541

Proposed 415 0.158 92.4264 0.051 22.9868 0.082

K-means 383 0.223 81.6985 0.161 22.0828 0.118
7 Original 1551 203.2376 44.4387

Proposed 1329 0.143 123.0538 0.394 41.1356 0.074

K-means 1095 0.294 193.8234 0.046 37.3390 0.159
8 Original 2822 60.5269 59.9423

Proposed 2683 0.049 56.2843 0.070 58.4474 0.024

K-means 1783 0.368 23.8995 0.605 47.6465 0.205
9 Original 3181 551.0437 63.6410

Proposed 2863 0.099 61.6051 0.888 60.3762 0.051

K-means 582 0.817 116.8112 0.788 25.9282 0.592
10 Original 255 60.8701 18.0188

Proposed 243 0.047 59.2132 0.027 17.5897 0.023

K-means 146 0.427 48.1421 0.209 13.6343 0.243
11 Original 3770 239.9239 69.2828

Proposed 3743 0.007 238.9361 0.004 69.0343 0.003

K-means 3642 0.033 232.1076 0.032 68.0965 0.017
12 Original 2690 325.0193 58.5236

Proposed 2632 0.021 304.5341 0.063 57.8893 0.010

K-means 1546 0.425 269.8650 0.169 44.3670 0.236

In this paper, binary tree quantization method was
implemented for segmenting PET/CT liver images so as
to detect tumor. It is clear from the resulting images that
the proposed method works well on segmentation of
PET/CT images for tumor detection and shape feature
extraction. Binary tree quantization was able to detect
tumor perfectly as compared to k-means method. Shape
features were calculated to calculate area, perimeter and
equiv-diamter of the tumor detected by the proposed
method and k-means method. The calculated shape
features were compared with features extracted from
original image and k-mean clustering method to check
the accuracy of the proposed method. From table 1V, it is
clear that the accuracy of the proposed method is far
better than the k-means method and is very near to the
actual image.

VI. CONCLUSIONS

This work has tried to segment PET/CT scan images of
liver using Binary Tree Quantization clustering method
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for detection of tumor in the form of best cluster.
Combination of filtering technique with clustering
techniques had known to be beneficial for the process of
segmentation of medical images as pre-processing
removed the unwanted noise from the images. Feature
extraction has been done to parameterize the efficiency of
the process. Our method has proved that it is better than
other clustering methods in detecting tumor more
accurately and precisely. Our method is semi automatic
as after tumor detection for the selection of region of
interest we have used manual approach. This work is
significant as it can help medical practitioner in focussing
to the area of tumor and making it easy for classifying
tumor as benign or malignant.

The previous work has focussed on segmenattion of
PET/CT images although the proposed method is
generating good results for liver images the same can be
extended to detect tumors in other parts of the body.
Other improvements can be done in the direction of
making this process fully automated which can decrease
the processing time of cancer detection as well as
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efficiency could be increased and be able to detect tumors
in large and different image datasets.
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Abstract— Securing the communication channels only,
cannot guaranty end-to-end security in SOA based systems.
To provide complete security, there is need to provide
security at application level for SOA based systems. But it is
a great challenge for the developer of the web services to
implement the security during development of the web
services. In this paper we have proposed a model, which will
automate the generation of security policies for web services.
This system will facilitate and enable the developers of the
web services, to generate and implement security policies
during the development of the web services, without having
intensive knowledge of the security domain and the
underlying system. The proposed system will also make the
application level expertsindependent of the security experts
for the generation and implementation of the security policy
for the development of the web services.

Index Terms—Web Services Architecture (WSA), Service
Oriented Software (SOS), Service Oriented Computing
(SOC), Service Oriented Architecture (SOA), Application
Level Security in SOA, SOA security policy.

L INTRODUCTION

Requirement engineering is considered as one of the
most critical phases in software engineering, specifically,
in software design and development. If errors are
introduced at the requirement stage, then they remain
undetected till the later stages of software development
process and [1]. Requirement engineering addresses the
issues of requirement collection to design and develop the
desired software. Requirement engineering has a direct
impact on all the stages of software development
including software design, architecture, implementation,
testing and deployment. Software architecture deals with
design and development of the abstract level structure of
the software. It consists of a number of architectural
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elements like components and connectors, which are
assembled in such a way to satisfy the functional and
performance requirements [2]. There are a number of
architectural styles or patterns used by the software
architects including layered systems, event-based, object-
oriented, data-abstraction and implicit invocation, etc.
Although these styles provide sufficient space of
architectural choices to the architects, but alongside pose
challenge for the architects to realize the tradeoffs while
selecting the best suitable style in a particular situation
and environment [3].

There is a remarkable difference among the
development of traditional software and SOA based
application, especially at design and analysis phase. SOA
application requires undergoing analysis and design
phases. Analysis phase produces candidate services from
the business requirements. Business analysts and service
architects emphasize on the usage of standards to refine
the candidate services. Therefore, the formal definition of
business processes is very important in SOA. The testing
and development phase of SOA, however, are similar to
the traditional development processes [4].

SOA is a set of services which are the collections of
software component and carry out business process
independently. Services must have the properties like
loose-coupling, self-containment and should have well
defined independent interfaces. Self-containment of the
services mean it would be able perform their functionality
independent of the other services. Loose-coupling mean
services communicate with each other through sending
messages and are not aware of technical details of other
collaborator services [5]. The flexible and modular
designs of software applications have a negative impact
on the security of software applications [6]. SOA design
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principles provide guidelines for developing interoperable
and agile service logic, which includes composition,
discoverability, statelessness, independence, loose-
coupling, abstraction, and reusability and service contract
[7].

Although the information security standards like
identification, authentication, authorization,
confidentiality, integrity and availability have same
connotation in SOA based applications, but the agile
implementation of SOA makes it difficult to ensure
secure SOA implementation within the organizations.
There is a lesser possibility for successful implementation
of secure SOA without specific information security
guidelines [8]. There is a need for web service
architecture that can control all the levels of web service
stack which may include: describing, registering,
managing, monitoring, deploying, wrapping, and
discovering fundamental software components to self-
repeatedly composing software [11]. The QoS attributes
like performance, scalability, accounting and security
plays a vital role for web services of different business
domains [14]. The reputation and trust of data intensive
services in cloud computing have generated important
issues e.g., trust evaluation in collaboration services
becomes a challenge. To represent service collaboration
for data intensive services, the concept of service
collaboration graph has been used in [15].

Securing the communication channels cannot guaranty
end to end security in SOA based systems. Application
level security plays a vital or key role to enable end to
end security implementation in SOA. To deal with SOA
security at application level, there is a need for expertise
of two domains like security domain expertise and
application domain expertise. There is a very rare
possibility that a single person is equipped with both
expertise in security domain and application domain. It is
a great challenge for the developer of the web services to
implement the security modules during development of
the web services. To handle this issue, different
researchers has proposed various techniques to facilitate
the application domain experts to implement security
standard for web services during its development.

Next section provides an abstract view that business
and security requirements in the form of security goals
are mapped into security policies, which will be
implemented by the web services developers.

Business Requirements
(Security goals)

Security Modules

!

Security Configuration

0

Policy generation

0

Implementation
The above figure provides some basic idea to convert

security relevant business requirements into security
polices, which can be easily implemented by the web
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services developers. First the security goals for the
business are identified, then these requirements are
categorized into different security modules like identity
management, confidentiality, Integrity, authentication and
authorization. Next step is the configuration of above
modules by applying different approaches like pattern
oriented etc. further these patterns will be used by the
application to generate the security policies in an
automated way. Finally generated polices will be
implemented by application developer for web services.

In this paper we propose a model, which will automate
the generation of security policies for web services. This
system will facilitate and enable the developer of the web
services, to generate and implement security policies
during the development of the web services, without
having intensive knowledge of the security domain and
the underlying system. The proposed system will make
the application level experts independent of the security
experts for the generation and implementation of the
security policy for the development of the web services.

Previously some of the researchers has worked on the
automatic generation of security polices and provided
some basic information to enable the developer of the
web services, to develop and implement security policies
without having intensive knowledge of the security
domain and the underlying system. These approaches
have a number of limitations and are not mature enough
to be implemented. [12] has proposed a model driven
technique to generate the security policies for web
services which can be easily implemented by developers
of web services. But their proposed system still need for a
security expert to provide some basic information about
the security domain and help in the enforcement of a
particular security policy to achieve the security goals for
the web services. Similarly architecture for the security
advisor has been proposed by [13]. It consists of an
algorithm, which selects a pattern and generates an
enforceable policy for given security requirements. In
other word it facilitates and enables the developers of the
web services to choose the security goals, generate and
implement security policies with having complete
knowledge of the underlying system. But proposed
architecture is still depended on the security experts to
capture the basic security knowledge into security pattern
and application needs to be preconfigured by the security
expert. To generate the security policies, it uses the
Apache axis2 as application server for web services
which has some limitations like complexity from user
point of view and not full support for JAX-WS. But
comparatively we will use the Apache CXF for enforcing
standards for policy generation. Usage of Apache CXF
has the following advantages over the Apache axis2.

The rest of this paper is organized as follows: the
literature survey on application level security in SOA is
provided in section II. A proposed system is discussed in
section III. Evaluation of the proposed system is provided
in section IV. Finally, we conclude in section VI along
with potential future directions to this research.
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II. LITERATURE REVIEW

According to [9] Security requirements models are
used by Model driven security (MDS) approach at
abstract level to generate security policies automatically.

These policies are used for security services configuration.

The MDS solutions focus on a single security pattern for
each security requirement. This is not enough because the
current Cloud and SOA services are distributed among
different  heterogeneous  security = domains  and
continuously changing infrastructure. It need multiple
security pattern support for single security requirement.
To present such security services whose configuration
support for different security patterns is still a challenging
task. To solve this problem author has presented a
framework that adds and integrates a new layer “security
pattern refinement layer” to existing MDS layers. The
security pattern refinement layer helps to configure a
single security service with various patterns. This
framework has been properly validated by applying on
healthcare system. But the proposed system is still
dependable on the security domain experts and not
clearly mentioned how to automate the generation of
security artifacts/policies.

Menzel et al. [10] has found that although to represent
security requirements as Security policies can insure the
flawless usage of services. But as specification of the web
services are complex, so it is a tricky and error prone task
to practically implement the security policies. The
proposed system will facilitate the mapping of
architectural models representing simple security goals
into security policies by Model driven technique. Security
configuration patterns of the web services play major role
in mapping process. The SOA meta model of the security
configuration patterns provide a foundation to describe
the objects and their association at the modelling layer.
This system will also provide a formal pattern structure
and to specify these pattern(s), a domain specific
language was used.

Imamura et al. [8] has stated that the current tools used
for the configuration of security assets of the web
services presents a technology aspect, where user must
fill the gap between configuration and security needs
manually. This leads to misconfiguration problem and
extra configuration costs. Author introduces the SOA
and MDA and presented a framework for polishing the
user’s security requirements by using the idea of SOA
and MDA. In this framework the users describe their
requirements using the given vocabulary list and then
transform these requirement step wise into details
requirements. After getting sufficient details of the
security  requirements, the users select the
countermeasures and transform them into a required level
of details. Using a policy language the users illustrate
these details and uses best practice patterns for linking the
gap between these levels. The future work includes
extending the tool and framework and also developing an
easy to use way to select an appropriate pattern from
those currently available.

Some of researchers have presented techniques used
to automate the security policies generation e.g., [12] has
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proposed an idea of meta model driven security
mechanism to ease the task of web services developers to
implement security in the web services. Security meta
model give a base for exchange of information and model
interactions. These also illustrate the fundamental objects,
associations and related roles in service oriented
architecture. But it is still dependent on the security
domain experts to generate and configure all the security
patterns and there is no way to dynamically add and
configure new security patterns.

Architecture for the security advisor has been proposed
in [13]. It consists of an idea and workflow for generating
security policy automatically for web services, which
selects a pattern and generates an enforceable policy for
given security requirements. In other word it facilitates
and enables the developers of the web services to choose
the security goals and configure the security module
without having complete knowledge of the underlying
system. But proposed architecture is still depended on the
security experts to capture the basic security knowledge
into security pattern and application needs to be
preconfigured by the security expert. To generate the
security policies, it uses the Apache axis2 as application
server for web services which has some limitations like
complexity from user point of view and not full support
for JAX-WS. Usage of Apache CXF has the following
advantages over the Apache axis2.

i) CXF uses standard API’s while axis2 in general uses
proprietary things.

ii) CXF is more responsive to the users issues and ensure
the quick availability (release fixpacks every month or
after 2 months) of the “fixpacks” to the user, while
axi2 has least compatibility for older version and slow
(user have to wait from 9 or 10 months to get complete
patches) response to the user issues .

iii) Apache CXF is well advised for those who use Spring
framework because CXF have a better integration for
spring framework. CXF is considered as more
embeddable into other applications.

iv) Performance wise both apache axis2 and apache CXF
are comparable but in case, when you use JAXB API’s
then CXF is faster than axis2.

III. PROPOSED SYSTEM

In this section we propose a model, which will help to
automate the generation of security policies for web
services. This system will facilitate and enable the
developer of the web services, to implement security
policies during the development of the web services,
without having intensive knowledge of the security
domain and the underlying system. The proposed system
will make the application level experts independent of the
security experts for the generation and implementation of
the security policy for the development of the web
services.
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Figure 1: Architecture of the proposed system

The above figure shows the basic architecture of our
proposed system, which is partitioned into four different
layers including, security infrastructure layer, Business
Logic Layer, Processing Layer and Interaction or
application layer.

A Infrastructure Layer

SOA infrastructure security has vital role in providing
security to the web services. Infrastructure layer includes
authentication, access-policy administration, access
policy resolution and auditing etc. Enforcement of access
policy is unluckily access policy resolution, auditing and
administration are owned by different people other than
developers of the business logic, changes at different
times and different rates. The main benefit of separating
infrastructure layer from the business logic layer is that,
in case of any compliance or change in the security
requirement, to adopt modification in access policy
without need in the business logic of the web services.
For example, consider the following scenario of Order
Management of the Component Service, in which access
policy for the above scenario (Component Order
Management Component Service) are described as:

i) Order can only be entered by those people, who
have a “broker” role,

ii) Order can only be updated by the owner or a
manager of the owner of the order and

iil) Order can only be read by the owner, manager

of the owner or a subject of the owner with the
role of “reconcile”.

In the given scenario the task of the order management
development, the developers are required to highly focus
on how to implement the order management services
most efficiently. The resolution of access policy requires
accessing the proper contextual information. The policy
resolution shows wither to deny or permit the given
request, which is enforced by the policy enforcement
according to the decision on the request. To provide
effective and practical SOA security infrastructure should
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allow distributed access-policy resolution by using
various distributed objects of the resolution service,
because the centralized access policy resolution has some
scalability, availability, and performance related issues.

The auditing of access policy is needed for composite
service and component service as well or the business
process which invokes the component services and
auditing is especially valuable for SOA based
environment. There are very controlled and limited use of
the application functions in non SOA based environment.
On the other hand SOA based environments, the services
will may called from very unpredictable and diverse ways.
Auditing is a critical tool to predict issues, before they
occur and locate the basic reason of problems when they
do occur. Infrastructure layer also consists of application
server for web services which is named as apache CFX.
Apache CXF provide and enforces standards for policy
generation.

B. Business Logic Layer

Business logic layer is the second layer of proposed
system and consists of: security pattern repository,
security policy formulation module and security policy
standard provider and enforcer:

1) Security pattern repository is used to store
different security patterns generated at the
processing/operational layer. It communicates
with  security  pattern  generation  and
configuration module and on the other side it
will communicate with security policy
formulation module by providing the required
security pattern(s).

ii) Security formulation module: this module plays
a key role in the security policy creation and is
the major focus of this research. After data
processing requirements and security
requirement has been captured in the security
patterns and refined, the security formulation
module is used to generate enforceable policy
based and knowledge captured in the security
patterns.

iii) Policy standard component of business logic
layer provide and help in enforcement of
security policy standards.

The detailed work flow of the security policy
formulation module is shown in Figure 2.
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Figure2: Working details of the Security policy Formulation module

The above figure shows a model of the working flow
of application for security policy formulation and is
categorized into six major steps. In the first step,
application will perform full search to identify the
available security goals/challenges. In this step, the users
of the application will select the required security goals
like confidentiality, integrity, authentication etc, based on
the requirements captured from business experts and
requirement engineers. User can select more than one
goals based on their need for the corresponding web
services development. In the second step, based on the
user selection of the required goals, the application will
identify all those security pattern(s), which can achieve or
helpful in achieving the required goal(s). If there were
more than one relevant security patterns applicable to a
particular security goal, then this process will enter to the
forth step, otherwise it will be forwarded for policy
generation. Third step is performed only when there are
several approaches (in terms of security patterns) are
available, then the security policy formulation module
will be use the forces attributes (constraints) to select the
most suitable security pattern for the security policy
generation. After selecting the most relevant and highly
applicable security patterns, next step of the security
policy formulation module mostly concern with users of
the module or application and before going to allow the
security policy formulation application to generate the
security policy for the selected security goals, the users
are required to enter some additional information
including, specification of the corresponding framework,
provide information about policy subject, and some other

information to further refine the policy generation process.

The availability of the specific information about the
underlying framework, where the generated policy will
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be implemented, is very important. The reason is that, it
is not necessary and even not possible that each
framework will be able to support the same security
patterns i.e to provide confidentiality for communicating
messages, using encryption techniques and different
security pattern define separate encryption methods like a
one security patterns uses AES-128 encryption standard
and other uses security pattern uses simple DES
technique for encrypting messages. Similarly it is not
possible for all frameworks to support AES-128
encryption techniques. In the last step the user will
generate security policy.

C. Processing/Operational Layer

Processing/operational layer is the third layer of our
proposed system. This layer acts as an interface between
interaction layer and Business logic layer. It has three
major Components including, SOA security infrastructure
administration view, security pattern generation and
configuration and User Interface for security policy
generation. The  SOA  security  infrastructure
administration view is used by the local domain
administrator to provide relevant security information of
the underlying infrastructure and to recognize and specify
all relevant information to develop the enforceable
security policies. Security pattern generation and
configuration part of processing/operational layer is used
by the system operator and application domain expert to
generate and configure security patterns based on the
knowledge captured from business process experts and
requirement engineers. Security pattern generation and
configuration module also interact with security pattern
storage to confirm the existence of a particular security
pattern. Before generation and configuration of a new
security pattern, it will first interact and scan completely
the security pattern storage to insure that wither the
required pattern is already exist or any pattern can reused
to generate and configure new pattern(s). After proper
configuration of security patterns and underlying security
infrastructure for achieving the required security goal the
developer of the web services will use security policy
formulation User Interface to generate the required
security policy.

D. Interaction Layer

Interaction layer is the top most layer of our proposed
system, where developers or system operators and service
deployer interact with application. In this layer, data
processing requirements are collected from business
analyst and business process experts and security
requirements provided and analysed by the requirement
engineers for further use.

IV. COMPARISON-BASED EVALUATION OF PROPOSED
SYSTEM

To generate the security policies for web services, here
we present different approaches initiated by other
researchers. These research initiatives mostly concentrate
on meta model, model driven and pattern oriented
techniques to generate security policies. Few of these
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researcher has focus on idea, to automate the policy
generation process and has provided some basic
information and future plans.

Menzel and Meinel, has proposed a meta-model based
technique to generate the security policies for web
services which can be easily implemented by developers
of web services. But their proposed system still need for a
security expert to provide some basic information about
the security domain and help in the enforcement of a
particular security policy to achieve the security goals for
the web services. The proposed system does not provide
complete information about how to generate and
implement web services security polices with least
required effort and lack of discussion of the automatic
generation of security policies.

The system proposed by Menzel et al. [10] will
facilitate the mapping of architectural models
representing simple security goals into security policies
by Model driven technique. Security configuration
patterns of the web services and their Meta model provide
a foundation to describe the objects and their association
at the modelling layer. This system will also provide a
formal pattern structure and to specify these pattern(s), a
domain specific language was used. On the other hand for
the proposed system, to secure web services, possibly
there is a need for knowledge of the domain experts to
devise a proper plan. Pattern engine is at initial stage,
providing limited functionality and need further
enhancement. The proposed system is unable to provide
full information about how to generate and implement
web services security polices and lack of discussion of
the automatic generation of security policies.

Similarly architecture for the security advisor has been
proposed by Schnjakin et al.[13]. The security advisor is
an idea of an application which will enable automated
generation of security policies. It selects a pattern(s) pre-
configured by the security domain experts and generates
an enforceable policy for given security requirements in
an automated way. But on the other side the proposed
architecture is still depended on the security experts to
capture the basic security knowledge into security
patterns and application needs to be preconfigured by the
security experts. There is a possibility to have a new
pattern(s) which is required to achieve a certain security
goal or handle a security challenge(s), to generate and
configure this new pattern, there is need to consult with
security experts. In the proposed system a workflow for
the automation of security policy has been presented
without providing any proper algorithm or interface. To
generate the security policies, it uses the Apache axis2 as
application server for web services which has some
limitations like complexity from user point of view and
not full support for all plate forms like JAX-WS.

Our proposed system will not only combine most of
the functionality provided by the system presented by
Menzel et al.[10], Menzel and Meinel [12], and Schnjakin
et al.[13], but also proposed some additional changes to
enhance the SOA security policy generation and to
automate this process. The proposed system will not be
depended on the security domain experts for capturing
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security related information in to the security patterns and
their configuration. New pattern can be generated and
configured as per requirement easily and dynamically.
Further comparatively we will use the Apache CXF for
enforcing standards for policy generation. Apache CXF
will solve the issues faced while using apache axis2 like
multi-plateform support and will reduce the complexity
from usability point of view. This system will generate
security policy in both machine readable format like
XML and normal text form.

V. CONCLUSION AND FUTURE WORK

Due to the agile nature of SOA, it is difficult to ensure
the secure implementation of SOA within the
organizations. Most of the techniques proposed in the
literature focus on the use of security patterns, which
provide some basic concept and understanding about the
security domain needed for the web services developers.
But, it is still a challenge for the developers of the web
services to implement security modules for the web
services.

In this paper we have proposed a model, which will
enable the developers of the web services to
automatically generate the security policies for web
services. This system will also facilitate the developer of
the web services, to implement security policies during
the development of the web services, without having
thorough knowledge of the security domain and the
underlying system. The proposed system will make the
application level experts independent of the security
experts for the generation and implementation of the
security policy for the development of the web services.
In future, we intend to look into the possibility of further
refinement/enhancement of the automatic generation of
security policy so that developers can implement security
policies on the fly.
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TABLE 1

COMPARISON OF OUR SECURITY MODEL FOR POLICY GENERATION WITH EXISTING SECURITY POLICY MODELS

Security Meta-Model for
SOA[12]

Meta-Model Based

Define basic
-Entities-Relationships
-Roles Associated

Process Requirements includes
Business requirements
-Security requirement

Capture process requirements
into:
Meta Models
Dependent  on:-
domain Expert

Security

Application pre-configuration
by the security experts is
needed

Provide mapping to WS Policy
and WS Security Policy
Informal stated
patterns

security

Pattern Driven Security
advisor for Policy
generation[13]

Pattern Driven

Define
advisor(application)

security

Security domain knowledge

provided by the security
experts

Capture  security  domain
knowledge into:

-security patterns

Dependent  on:-  Security

domain Expert

Application pre-configuration
by the security experts is
needed

Apache Axis2 web
application server is used

Informal stated  security
patterns

Generate policy in XML form
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Pattern driven generation of security
policy in SOA[10]

Model -cum-Pattern driven approach

Define
-Transformation of architectural model
security policies

into

Process Requirements includes
-Security requirements in the form of simple
security intensions.

Possibly there is a need for knowledge of the
domain expert to make a proper strategy to
secure web services and other resources

Capture security domain knowledge into:
-Security policy model using security modelling
language like secureSOA

Security configuration pattern provide expert
knowledge on web services

Transform simple intentions  into

security policies.

security

Introduced a formalised pattern structure of
security patterns.

Our Security Modée for policy

generation

Pattern Based
Define
-security  policy  formulation
module

Process Requirements includes
-Business requirements
-Security requirement

Security requirements and
Business requirements are
directly taken from

-Business process experts

-Requirement engineers

Capture business and security
requirements into:
-Security patterns

Do not dependent on:
-security expert

Directly generate/configure new
security pattern(s) based on
requirements

Apache CXF web application
server is used

Using pattern engine [10]

Generate Security policy in both
XML and normal Text form






Call for Papers and Special Issues

Aims and Scope

Journal of Emerging Technologies in Web Intelligence (JETWI, ISSN 1798-0461) is a peer reviewed and indexed international journal, aims at
gathering the latest advances of various topics in web intelligence and reporting how organizations can gain competitive advantages by applying the
different emergent techniques in the real-world scenarios. Papers and studies which couple the intelligence techniques and theories with specific web
technology problems are mainly targeted. Survey and tutorial articles that emphasize the research and application of web intelligence in a particular
domain are also welcomed. These areas include, but are not limited to, the following:

Web 3.0

Enterprise Mashup

Ambient Intelligence (Aml)
Situational Applications

Emerging Web-based Systems
Ambient Awareness

Ambient and Ubiquitous Learning
Ambient Assisted Living
Telepresence

Lifelong Integrated Learning

Smart Environments

Web 2.0 and Social intelligence
Context Aware Ubiquitous Computing
Intelligent Brokers and Mediators
Web Mining and Farming

Wisdom Web

Web Security

Web Information Filtering and Access Control Models
Web Services and Semantic Web
Human-Web Interaction

Web Technologies and Protocols

Web Agents and Agent-based Systems
Agent Self-organization, Learning, and Adaptation

Agent-based Knowledge Discovery
Agent-mediated Markets

Knowledge Grid and Grid intelligence
Knowledge Management, Networks, and Communities
Agent Infrastructure and Architecture
Agent-mediated Markets

Cooperative Problem Solving

Distributed Intelligence and Emergent Behavior
Information Ecology

Mediators and Middlewares

Granular Computing for the Web

Ontology Engineering

Personalization Techniques

Semantic Web

Web based Support Systems

Web based Information Retrieval Support Systems
Web Services, Services Discovery & Composition
Ubiquitous Imaging and Multimedia

Wearable, Wireless and Mobile e-interfacing
E-Applications

Cloud Computing

Web-Oriented Architectrues

Special Issue Guidelines

Special issues feature specifically aimed and targeted topics of interest contributed by authors responding to a particular Call for Papers or by
invitation, edited by guest editor(s). We encourage you to submit proposals for creating special issues in areas that are of interest to the Journal.
Preference will be given to proposals that cover some unique aspect of the technology and ones that include subjects that are timely and useful to the
readers of the Journal. A Special Issue is typically made of 10 to 15 papers, with each paper 8 to 12 pages of length.

The following information should be included as part of the proposal:

Proposed title for the Special Issue

Description of the topic area to be focused upon and justification
Review process for the selection and rejection of papers.

Name, contact, position, affiliation, and biography of the Guest Editor(s)
List of potential reviewers

Potential authors to the issue

Tentative time-table for the call for papers and reviews

If a proposal is accepted, the guest editor will be responsible for:

Preparing the “Call for Papers” to be included on the Journal’s Web site.

Distribution of the Call for Papers broadly to various mailing lists and sites.

Getting submissions, arranging review process, making decisions, and carrying out all correspondence with the authors. Authors should be
informed the Instructions for Authors.

Providing us the completed and approved final versions of the papers formatted in the Journal’s style, together with all authors’ contact
information.

Writing a one- or two-page introductory editorial to be published in the Special Issue.

Special Issue for a Conference/Workshop

A special issue for a Conference/Workshop is usually released in association with the committee members of the Conference/Workshop like general
chairs and/or program chairs who are appointed as the Guest Editors of the Special Issue. Special Issue for a Conference/Workshop is typically made of
10 to 15 papers, with each paper 8 to 12 pages of length.

Guest Editors are involved in the following steps in guest-editing a Special Issue based on a Conference/Workshop:

Selecting a Title for the Special Issue, e.g. “Special Issue: Selected Best Papers of XYZ Conference”.

Sending us a formal “Letter of Intent” for the Special Issue.

Creating a “Call for Papers” for the Special Issue, posting it on the conference web site, and publicizing it to the conference attendees.
Information about the Journal and Academy Publisher can be included in the Call for Papers.

Establishing criteria for paper selection/rejections. The papers can be nominated based on multiple criteria, e.g. rank in review process plus the
evaluation from the Session Chairs and the feedback from the Conference attendees.

Selecting and inviting submissions, arranging review process, making decisions, and carrying out all correspondence with the authors. Authors
should be informed the Author Instructions. Usually, the Proceedings manuscripts should be expanded and enhanced.

Providing us the completed and approved final versions of the papers formatted in the Journal’s style, together with all authors’ contact
information.

Writing a one- or two-page introductory editorial to be published in the Special Issue.

More information is available on the web site at http://www.academypublisher.com/jetwi/.







An Adaptive Weight Calculation based Bandwidth Allocation Scheme for IEEE 802.16 Networks 142
Akash Deep and KS Kahlon

Tumor Detection by Color Segmentation of PET/CT Liver Images 148
Neha Bangar and Akash Deep

A Model for Implementing Security at Application Level in Service Oriented Architecture 157
Said Nabi, Saif Ur Rehman, Simon Fong, and Kamran Aziz




(Contents Continued from Back Cover)

A WIFI Antenna Radiation Effects on Human Head in the ISM Band
Radouane Karli and Hassan Ammor

Development of a New Slit-Slotted Shaped Microstrip Antenna Array for Rectenna Application
Mohamed Adel Sennouni, Jamal Zbitou, Abboud Benaissa, Abdelwahed Tribak, Otman Elmrabet,and
Mohamed Latrach

Performance Evaluation of WideMac Compared to ALOHA in term of Energy Consumption for IR-
UWB based WSN
Anouar Darif, Rachid Saadane, and Driss Aboutajdine

Euclidean 3D Reconstruction of Unknown Objects from Multiple Images
Soulaiman El Hazzat, Abderrahim Saaidi, and Khalid Satori

Comparative Study of PCA, ICA, LDA using SVM Classifier
Anissa Bouzalmat, Jamal Kharroubi, and Arsalane Zarghili

SVM Classification of High Resolution Urban Satellites Images using Composite Kernels and
Haralick Features
Aissam Bekkari, Soufiane Idbraim, Driss Mammass, Mostafa El Yassa, and Danielle Ducrot

3D Normalization Based on the Barycentric Coordinates
El Mostafa Rajaallah, Lahcen Moumoun, and Taoufiq Gadi

Optimization of the Organized KOHONEN Map by a New Model of Preprocessing Phase and
Application in Clustering
Es-safi Abdelatif, Harchli Fidae, and Ettaouil Mohamed

Adaptive Learning
Soumaya EI Mamoune, Marouane ElI Mabrouk, Loubna Cherrat, Ahmed Hadioui, Omar Kassara,
and Mostafa Ezziyani

A Comparative Study between the Pseudo Zernike and Krawtchouk Invariants Moments for Printed
Arabic Characters Recognition
Rachid Salouan, Said Safi, and Belaid Bouikhalene

People Tracking using Color Control Points and Skin Color
K.Laaroussi, A.Saaidi, K.Satori

Fuzzy Control System for Autonomous Navigation of Thymio Il Mobile Robots
Fatma Boufera, Fatima Debbat, Francesco Mondada, and M. Faycal Khelfi

45

49

54

59

64

69

75

80

85

89

94

101

SURVEY PAPERS

A Survey on Prevention Approaches for Denial of Sleep Attacks in Wireless Networks
G.Mahalakshmi and P.Subathra

A Comprehensive Study of Finding Copy-and-Paste Clones from Program Source Codes
Kamran Khan, Saif Ur Rehman, Kamran Aziz, and Simon Fong

106

111

REGULAR PAPERS

An Optimized Parallel Computing Paradigm for Mobile Grids Based on DSPOM
Aghila Rajagopal and M.A. Maluk Mohamed

DWDE-IR: An Efficient Deep Web Data Extraction for Information Retrieval on Web Mining
Aysha Banu and M. Chitra

119

133




	Guest Editorial ed.pdf
	1 ed.pdf
	2 ed.pdf
	3 ed.pdf
	4 ed.pdf
	5 ed.pdf
	6 ed.pdf
	7 ed.pdf
	8 ed.pdf
	9 ed.pdf
	10 ed.pdf
	11 ed.pdf
	12 ed.pdf
	13 ed.pdf
	14 ed.pdf
	15 ed.pdf
	16 ed.pdf
	17 ed.pdf
	18 ed.pdf
	19 ed.pdf
	109-ed.pdf
	122 ed.pdf
	106-ed.pdf
	108-ed.pdf
	118-ed.pdf
	119-ed.pdf
	121-ed.pdf



