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Abstract

The negative consequence of fire, especially fire in public
buildings, brings too much of lost in both human and money.
The fire evacuation specialists proposed many evacuate
techniques, methods and policies adapting to the given
building, groups of people, or situations. However, conducting
experiments to test these proposed solutions, in the reality, is
nearly impossible. Therefore, simulation of fire and fire
evacuation to evaluate these proposals is a reasonable solution.
This paper proposes an agent-based model for modeling and
simulation of fire evacuation in public buildings. The model is
implemented and tested using the GAMA agent-based
simulation platform.

Keywords: Modeling, simulation, fire evacuation, multiagent
system

1. Introduction

The negative consequence of fire, especially fire in
public buildings, brings too much of lost in both human
and money. The fire evacuation specialists proposed
many evacuate techniques, method and policy bay on the
given building, groups of people, or situations. However,
taking experiments to test these proposed solutions, in the
reality, is impossible. Therefore, simulation of fire and
fire evacuation to test these proposal is an acceptable
solution.

Recently, modeling and simulation of fire evacuation
system is one of the most interesting research subjects.
Most of proposed models are agent-based modeling and
simulation. In which, each agent is autonomy. It could
move to other position to meet or interact to other agents
to reach its goal. These features of multiagent system are
naturally appropriate to the simulation of fire evacuation:
an agent could play the role of an evacuee, a fire fighter,
a fire evacuation router or some simpler objects such as a

1

fire, a smoke, a water to eliminate fire and smoke, an
alarm, an evacuation sign, etc. During fire evacuation,
these agents have some actions or behaviors: observe the
fire and smoke to avoid them or call the police or to warn
others, evacuate themselves or follow other or follow the
instructions of fire evacuation routers or policemen, help
other to evacuate, help the fire fighter to eliminate fire
and smoke, etc. These activities or behaviors could be
modeled and realized by using agent technology. That is
why most proposed model in the domain is agent-based.
For instances, the model of Okaya and Takahashi [1];
Saelao and Patvichaichod [2]; Filippoupolitis [3]; Tang
and Ren [4]; Averill and Song [5]; Yi and Shi [6].

In the line with our previous work on modeling and
simulation of fire evacuation in public building (Nguyen
et al. [7],[8],[9]), this paper proposes an agent-based
model for modeling and simulation of fire evacuation in
public buildings. The model is implemented in the
simulation platform of GAMA (Amouraux et al. [10]).
The paper is organized as follow: Section 2 presents the
proposed model. Section 3 presents the allying of the
model in a case study. Section 4 is a conclusion and
perspectives.

2. Modeling of Fire Evacuation System

2.1 Extension from SEBES model

As mentioned, the model in this paper is extended from

the SEBES model (Nguyen et al. [7]). Therefore, the

model is called SEBES+.

Inheriting from SEBES model, the SEBES+ has five

kinds of agent:

- fire: representing fire. The fire agent could
propagate within the building space.

Copyright (c) 2015 Advances in Computer Science: an International Journal. All Rights Reserved.
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smoke: representing smoke. The smoke agent is
created from fire agents. It could propagate inside
the building space and therefore increase the smoke
intensity at a give position by time.

alarm: representing a fire alarm. This agent could
detect fire/smoke in its detection range and ring in a
ringing duration of time.

sign and plan: representing of evacuation signs and
plan. This is a non-movable agent. This provides the
information about the direction to emergency exits.
evacuee: representing an evacuee. This agent could
see the fire/smoke, hear the alarm, and evacuate to
one of the emergency exits by avoiding the
obstacles and other evacuees.

ACSIJ

WWW.ACS1).ORG

eliminate fire and smoke. This agent is borne from
FireFighter water sources or extinguisher.

- extinguisher: representing extinguisher device. This
agent is put inside the building and its position is
noted in evacuation plan. It is used by FireFighter to
generate carbon-dioxide to eliminate fire and
smoke.

- fire fighter: representing fire fighter. This agent play
multi role during fire evacuation: fire fighter to
bring water and/or extinguisher to eliminate fire and
smoke; evacuation router to rout evacuees to move
to emergency exits; and act as an evacuee.

The next section will present these new extended agents

The model SEBES+ is added some new kinds of agent in detail.
for the objective of fire fighting:
- water/steam: representing water or water steam to
Fire Alarm
-duration Smoke -detectionRange
-propagationSpeed -direction -ringDuration —
-affectedZone : :
: -propagationSpeed +ring()
-smokeC.reatoonSpccd PR = +stop() FireFighter
rereataamotei Hibningd
: +died
+propagate() ()
Evacuee
-observableRange
-toxicLevel
-sensitiveL evel S e e
-speed Sign -waterQuantity
g -goal -direction O
. -passedList é
o =
c +nomalMoving()
o +evacuation() : VWatnr
o +updatToxicLevel() -direction
a +updateSpeed() Plan -propagationSpeed
‘c-" +updateRange() -GIS file +propagate()
8 +died()
=
g GAMA:MovingSkill GAMA:SituatedSkill
e —
o
=3
< v v
=
g v V GAMA:AgentSkill
GAMA: species (Agent)
-position
+died()

Fig. 1 Extended class diagram of SEBES+ from SEBES model.

2.2 Water agent

2.2.1 Attributes

power: the ability to eliminate fire and smoke of it.

- range: the effected zone of it. It could eliminate fire
and/or smoke if these agents go inside its zone.

- direction: the direction of propagation.

- propagationSpeed: the speed to propagate of this
agent.

2
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2.2.2 Actions

- propagate: it propagates in its direction inside the
building.

- died: it will be died after eliminate fire and/or

smoke. The elimination rate is 2:1: two water agents
could eliminate a fore or a smoke agent.

2.3 Extinguisher agent

2.3.1 Attributes

- waterQuantity: the amount of water or carbon-
dioxide which could be generated by this agent
when used. This could be recharged by fire
technician.

2.3.2 Actions

- propagate: it propagates in the direction made by
the fire fighter.

- died: it will be died after using all water quantity.

2.4 FireFighter agent

2.4.1 Attributes

This agent is inherited from evacuee agent, so it has all
attributes and activities of that agent. It also has some
new added attributes:

- objective: the object of the fire fighter during fire

evacuation. It could be assigned a value of:
evacuating, fire fighting, people routing, people
helping.

2.4.2 Actions

Beside activities extended from evacuee agent, this agent

has some new added actions:

- fireFighting: this includes several actions which
could be executed in any order: moving to
extinguishers position to get it to use, using
extinguisher to eliminate fire and/or smoke, routing
people to evacuate as quick as possible to the
emergency exits, helping people to safety evacuate.

3
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3. Case Study

3.1 Choice of Public Building

In our case study, we apply the proposed model for the
building that Préventex used in their case study.
Préventex was the first joint sector-based association
created in the private sector under the Act respecting
occupational health and safety. On October 22, 1981, the
Board of Directors of the Commission de la santé et de la
sécurité du travail (CSST - the Quebec Health and Safety
Commission) adopted resolution A-170-81 that was to
lead to the creation of the joint sector-based association
of health and safety for the textile and knitting industry.
The evacuation plan of the building is presented in the
Figure 2. It is composed of three zones (Source :
http://lwww.preventex.qc.ca/images/
documents/info/en/evacuation.pdf):

- Zone A: This zone is composed of a coffee room , a
waiting room, and an emergency door. There are
five extinguishers in total in this zone.

- Zone B: This zone is composed of a reception
room, a coffee room, stairs doors and enter door.
There are totally five extinguishers and three
emergency doors in this zone.

- Zone C: This zone is composed of an office room,
WC, and two laboratories. There are totally six
extinguishers and three emergency doors in this
zone.

3.2 Choice of Simulation Platform

On the platform of the simulation, the model is developed
on the simulation platform GAMA (Amouroux et al.
2007). GAMA provides a simulation development
environment for building spatially explicit agent-based
simulations. It enables: (i) to use arbitrarily complex GIS
data as environments for the agents; (ii) to run
simulations composed of vast numbers of agents; (iii) to
conduct automated controlled experiments on various
scenarios, with a systematic, guided or ‘‘intelligent’
exploration of the space of parameters of models; and
(iv) to let users interact with the agents in the course of
the simulations.

Copyright (c) 2015 Advances in Computer Science: an International Journal. All Rights Reserved.



ACSIJ Advancesin Computer Science: an International Journal, Vol. 4, Issue 6, No.18 , November 2015 m
ISSN : 2322-5157

www.ACSlJ.org ACSIJ
WWW.ACSIJ.ORG
EVACUATION PLAN
o |
o o —
@ Fire Extinguiter o P—
(e Oo -
ErEaep o oooag i
@ Fresdix i
| T
“ I
e : —| o -
; O 0O [] | =
@ a 4 —
 —
= z Ly | s ﬂ t:l[]
...... — —
....... 1 ﬂ
= Covyrvisne
e o
EEEE = 1 E-3 . B
7 Reception §
Shipping £
£ s
[—I_”;ETES;A:NI—I—I—.
N S N W S N S N S N mm—— ] | S—  S——

Fig. 2 Evacuation plan of the building based on Préventex’s case study.
3.3.2 Evolution of fire and smoke propagation

3.3 Results The evolution of fire/smoke against water/steam is

presented in Figure 3: fire/smoke is represented in gray

3.3.1 Fire and smoke propagation in fighting against
water

The propagation of fire/smoke against water/steam is
visually presented in Figure 2. In which, fire/smoke agent
is presented in gray cycles. Water/steam agent is
presented in blue rectangles. The fighting rate of
water:smoke is 2:1. It means that two water agents could
kill a smoke agent.

The visualization results indicates that the smoke agent
number is reduced near the position of water/steam
agents.

line; and water/steam is represented in blue line.

This simulation indicates that the fire/smoke occurs at the
time 100 and grows up gradually. When the fire
evacuation system detected the fire in the building, it
kicks off the alarm system and the firefighter arrives.
They start to puff of water/steam into fire/smoke (at the
time 150), and then, the quantity of fire/smoke decreased
when the number of water/steam increases (at the time
200). This tendency continues until the fire/smoke if
totally eliminated and the firefighters stop their mission at
the fire site.

Copyright (c) 2015 Advances in Computer Science: an International Journal. All Rights Reserved.



ACSIJ Advancesin Computer Science: an International Journal, Vol. 4, Issue 6, No.18 , November 2015

ISSN : 2322-5157

Wl

www.ACSlJ.org ACSIJ
©
o0 KX — fal (
r =4 g 9 2 = (1111 —
Q .; ' = e
i-cu atid)) o3 I o0g [ Wb Sh T8 'S
g ) @ :
e i I ==k
& o [ : o |

Lasyeranay
' Tolastes i E

Furema

4k

[

Tokaa Tedae

0 O O Hl

Z

o - o -
O s----gpe

X
et
¥

N

* €

|

(W
p

= 4

»

o

X Réception
Pynédition

Fig. 3 Visualization of fire and smoke propagation against water.

3.3.3 Evolution of people objective during fire
evacuation

We distinguish four kinds of people objective (or

activity):

- Working: they are working (black line).

- Circulation lane: They are in the circulation lane to
evacuate (yellow line).

- Emergency exit: They arrive at one of emergency
exit. (matron line).

- Meeting station: They are safety at the meeting
station (red line).

5

The evolution of the number of people in each activity is
represented in Figure 5. At the beginning time (0-200),
most of people is in their work. When the fire occurs and
the alarm rings, people changes their behavior: they start
to regroup in circulation lane to evacuate. So the number
of people in circulation line increases. The number of
people at emergency exits is proportionally related to the
number of people in the circulation lines at previous time.
Consequently, the number of escaped people (at the
meeting station) increases until there is no more people
inside the fire building.
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Fig. 4 Evolution of fire and smoke propagation.
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Fig. 5 Evolution of people objective during fire evacuation.
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4. Conclusions

This paper presented an agent-based model for modeling
and simulation of fire evacuation inside public building,
called SEBES+ model. This model is an extension from
the SEBES model by adding some new kinds of agent in
the system: water or water steam agent to eliminate fire
and/or smoke, extinguisher agent to generate water or
carbon-dioxide to eliminate fire, fire fighter agent to use
water and/or extinguisher to eliminate fire/smoke, to rout
and help people in evacuating, etc.

The proposed model has been implemented in GAMA,
an agent-based simulation platform and then, tested with
some scenarios.

The validation and evaluation of the proposed model, and
the testing of some new fire evacuation policy are some
of our perspective works in the near future.

Acknowledgments

This work is funded by the research project at Vietnam
National University in Hanoi, number QG.15.31, on the
modeling and simulation of fire evacuation in public
buildings.

References

[1] M. Okaya, T. Takahashi, Human relationship
modeling in agentbased crowd evacuation
simulation, in: D. Kinny, J.Y. jen Hsu, G.

Governatori, A.K.Ghose (Eds.), Proceedings of
Agents in Principle, Agents in Practice — 14th
International Conference, PRIMA 2011,
Wollongong, Australia, November 16-18, 2011,
Lecture Notes in Computer Science, vol. 7047,
Springer, 2011, pp. 496-507.

[2] T. Saelao, S. Patvichaichod, The computational fluid
dynamic simulation of fire evacuation from the
student dormitory, American Journal of Applied
Sciences 9 (3) (2012) 429-435.

[3] A. Filippoupolitis, An adaptive system for movement
decision support in building evacuation, in:
Proceedings of the 25th Int. Symposium on
Computer and Information Sciences, London, UK,
2010, pp. 389-392.

[4] F. Tang, A. Ren, Agent-based evacuation model
incorporating fire scene and building geometry,
Tsinghua Science Technology 13 (5) (2008) 708—
714.

[5] J.D. Averill, W. Song, Accounting for Emergency
Response in Building Evacuation: Modeling
Differential Egress Capacity Solutions, 2007.

[6] S. Yi, J. Shi, An agent-based simulation model for

7

Wl

ACSIJ

WWW.ACS1).ORG

occupant evacuation under fire conditions, in:
Proceedings of the 2009 WRI Global Congress on
Intelligent Systems, GCIS ’09, vol. 01, IEEE
Computer Society, Washington, DC, USA, 2009,
pp. 27-31.

[7] Manh Hung Nguyen, Tuong Vinh Ho and JeanDaniel
Zucker. Integration of Smoke Effect and Blind
Evacuation  Strategy (SEBES) within  Fire
Evacuation Simulation. Simulation Modelling
Practice and Theory. Volume 36, August 2013,
p.44-59, ISSN 1569-190X.

[8] Manh Hung Nguyen, Tuong Vinh Ho and Jean-
Daniel Zucker. A Simulation Model for Optimise
the Fire Evacuation Configuration in the Metro
supermarket of Hanoi. Proceedings of the Ninth
International Conference on Simulated Evolution
And Learning (SEAL2012), Hanoi, Vietnam, 16-19
December 2012. L.T. Bui et al. (Eds.): SEAL 2012,
LNCS 7673, pp. 470-479, Springer-Verlag Berlin
Heidelberg 2012.

[9] Manh Hung Nguyen, Tuong Vinh Ho, Thi Ngoc Anh
Nguyen and Jean-Daniel Zucker. Which Behavior is
best in a Fire Evacuation: Simulation with the
Metro supermarket of Hanoi. Proceedings of The
9th IEEE - RIVF International Conference on
Computing and Communication Technology. Ho
Chi Minh city, Viet Nam, p.183 -- 188, February 27
- March 1, 2012.

[10] E. Amouroux, C. Quang, A. Boucher, A. Drogoul,
GAMA: an environment for implementing and
running spatially explicit multi-agent simulations,
in: 10th Pacific Rim International Workshop on
Multi-Agents (PRIMA), Thailand, 2007.

Manh Hung Nguyen received his Bachelor degree of
Information ~ Technology (IT) at The Posts and
Telecommunication Institute of Technology (PTIT) in 2004, his
Master degree in IT at the L'Institut de la Francophonie pour
I'Informatique (old IFI) in 2007, and his Ph.D in IT at the
University of Toulouse Il Paul Sabatier, France, in 2010. He is
currently a lecturer at The Posts and Telecommunication
Institute of Technology (PTIT), Hanoi, Vietnam. His domains of
interest are: Artificial Intelligence, Multiagent system, Modeling
and simulation of complex system, Distributed intelligent
computing.

Tuong Vinh Ho is a researcher-lecturer at Institute
Francophone International (IFl) since 2000. Currently, he is Vice-
Director of IFI in charge of research activities, and Head of MSI
(Computational Modeling & Simulation of Complex Systems)
research team at IFl. He holds a Ph.D. degree in Computer
Engineering from the Ecole Polytechnique de Montréal (1999).
During 1998-2000, he was a postdoctoral research fellow at the
Software Engineering Management Research Laboratory
(Université du Québec a Montréal- UQAM). His research
interests include Software Engineering and Computational
Modeling and Simulation of Complex Systems.

Jean-Charles Richaud is currently a master student at Institute
Francophone International (IFl). He is interested in simulation of
complex system based on multiagent system, particularly on the
platform GAMA.

Copyright (c) 2015 Advances in Computer Science: an International Journal. All Rights Reserved.



ACSIJ Advancesin Computer Science: an International Journal, Vol. 4, Issue 6, No.18 , November 2015

ISSN : 2322-5157
www.ACSlJ.org

Wl

ACSIJ

WWW.ACS1).ORG

A Secure and Efficient Routing Protocol with Genetic Algorithm
in Mobile Ad-hoc Networks

Atieh Moghaddam?, Ali Payandeh?

1 Computer Department, University of Tehran, Company
Tehran, IR.TE, Iran
a.moghaddam@alumni.ut.ac.ir

2 ICT Department, Malek-e-AshtarUniversity, Company
Tehran, IR.TE, Iran
payandeh@mut.ac.ir

Abstract

Routing in Mobile Ad-Hoc Networks (MANETs) is a
challenging task due to its nature of open medium, infrastructure-
lessness, dynamicity and no trusted central authority. In MANET,
a node can be compromised during the route discovery process.
Attackers from inside or outside can easily exploit the network.
Several secure routing protocols have been proposed for
MANETSs. In this paper, Ad-Hoc On-Demand Distance Vector
(AODV) routing protocol is considered due to the fact that it
uses the shortest number of wireless hops towards a destination
as the primary metric for selecting a route with independence of
the traffic congestion. To add security to AODV, Secure AODV
was designed to enhance security services to the original AODV.
Secure AODV protocol has been designed with cryptographic
techniques such as digital signatures and hash chains, which can
have a significant impact on the routing performance of AODV
routing protocol. To improve efficiency of SAODV, Enhanced
SAODV (ESAODV) was proposed based on Genetic Algorithm
and alternative path. The genetic algorithm optimizes the routes
in terms of selected metrics. The performance and impacts of
using AODV, S-AODV and ESAODV routing protocols were
compared using NS-2 Simulator. The simulation results
demonstrated that using the proposed mechanism could
significantly decrease the End-to-end delay and routing overhead.
Keywords: Mobile ad-hoc network, SAODV routing protocol,
genetic algorithm, end-to-end delay, packet routing overhead.

1. Introduction

Mobile ad-hoc network is a collection of nodes that are
connected to each other with wireless links without any

infrastructure. The routing protocols in ad-hoc
environment can be classified as proactive routing
protocols and reactive routing protocols. Proactive

protocols maintain whole paths in routing tables and when
the source node wants to establish a route to the destination
node, the path that already exists in its routing table is
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used. In reactive protocols, the route is established only
when the source node needs to send a data packet to the
destination. There are varieties of routing protocols for
MANET such as AODV, DSR, OLSR ..., but none of
them are secure. As a result, they assume there is no
malicious node in the network; however, due to the
flexibility of the MANET, there are a lot of vulnerabilities
in this kind of network and security problem is the most
significant issue in it. Two different security mechanisms
are presented for routing protocols. The first one
guarantees authentication and integrity of the routing
messages. The second mechanism allows node to control
another node behavior during route discovery process.
Both two approaches need some network resources such as
battery, energy and bandwidth. The main purpose is
finding the balance between efficiency and security.

The remaining part of this article is organized as follows.
Section 2 describes SAODV routing protocol. Section 3
introduces genetic algorithm briefly. A proposed routing
protocol is given in section 4. And section 5 shows the
simulation results.

2. SAODV Routing Protocol

The first secure and promoted version of AODV is secure
AODV (SAODV) that is based on asymmetric
cryptography. In SAODV protocol, the routing messages
(RREQ, RREP, and RERR) are encrypted by digital
signature to guarantee the integrity and authenticity. Due to
not propagating the RREQ for external nodes, this routing
protocol prevents from external active attacks. All nodes
are authenticated by a unique password. When a source
node wants to send the RREQ, it first authenticates its
neighbors by that password and then broadcasts the
message. In SAODV, the sender signs the routing
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messages by its private key and the receiver verifies them
by the sender’s public key. Because of incrementing the
hop-count in each step of routing discovery, the sender
cannot encrypt it. Hence, for securing this field (that is, not
allowing malicious node to reduce it), SAODV uses hash
chain.

This structure is difficult to use when an intermediate node
has a path to destination in routing table since RREP
necessarily has to have destination signature. For solving
this problem, SAODV uses double signature. In this
mechanism, RREQ has a second signature that is always
stored with the reverse path route. An intermediate node,
which wants to reply RREQ, uses second signature and
adds it to RREP. Then it is sent to the source node. The
RREQ and RREP messages fields are:

<Type, Length, Hash function, Max-hop-count, Top Hash,
Signature, hash>

The RERR message fields:

<Type, Length, reverse, Signature>

When a node creates RREQ or RERR, It does the
functions as follow:

1. Generate a random number (seed)
Max-hop-count = timeToLive
Hash = seed

Hash-function = h

Top-hash = hmax-hop-count (sead)

arwN

Verifying hop-count in RREQ or RREP by intermediate
node:

1. Top-hash = hmax-hop-count (Lagh)
Update hop-count, apply hash to generate new hash chain,
then send it to all neighbors.

However, SAODV messages are significantly larger and
require heavy computation because of digital signature,
especially for double signature.

SAODV solves the overhead of routing tables by updating
them in particular time. So SAODV prevents the black
hole attack. In comparison with AODV, due to an
encryption in SAODV, malicious node cannot access the
content of the messages; nevertheless cryptography process
increases routing delay and the length of the messages.

9
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3. Genetic Algorithm

Finding the shortest path in mobile ad-hoc networks
requires the evaluation of route from the source to the
destination, which has the least cost. The old algorithms
such as Dijkstra and Bellman ford present how the shortest
path is found. Yet, these algorithms are especially used for
wired network and are not suitable for wireless networks.
Genetic algorithm is one of the algorithms that are useful
for ad-hoc networks and it is used for designing more
effective protocols.

John Holland proposed genetic algorithm in 1970. The
route consists of sequence of nodes. This algorithm
executes on routes, which are achieved from route
discovery process. In the first step, the path is coded by
sequence of integers, which these are the node’s IP. The
length of this sequence cannot be more than the number of
nodes. GA operation consists of six necessary levels:
genetic presentation, initial population, fitness function,
selection, crossover and mutation. This collection is
“standard GA” (SGA).

3.1 Genetic Presentation

The path is coded by sequence of integers, which are
node’s IP.

3.2 Initial Population

Each chromosome shows a potential solution. Initial
population consists of numbers that represents the
chromosomes in AODV protocol. The routes that are
achieved from route discovery process are intended for
initial chromosomes.

3.3 Fitness Function

The quality of each solution should be evaluated
accurately. In this function, the main purpose is finding the
richest path between source and destination. The fitness
parameters are described according to the problem
requirements. In this paper, the goal of using genetic
algorithm is finding the shorter path from the source node
to the destination node with reducing end-to-end delay.

3.4 Selection

This function plays the significant role to promote the
average of population quality by selecting the high-
qualified chromosome for next generations. Selection is
operated on fitness output. Each chromosome that has the
best fitness value is selected. This function plays the
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significant role to promote the average of population
quality by selecting the high-qualified chromosome for
next generations. Selection is operated on fitness output.
Each chromosome that has the best fitness value is
selected.

3.5 Crossover

Crossover processes the current solutions to find the better
approach. In this process, one or more than a bit of
chromosome changes and a new population is created.
Genes are selected from father’s chromosomes and make
the new children.

3.6 Mutation

GA could fast access the demanded level of cost. Mutation
randomly changes some bits of sequences and move them
to new location of existing solution.

4. Proposed Protocol

In this paper, ESAODV is proposed to improve the
efficiency of SAODV. ESAODV eliminates the same
routing messages, uses genetic algorithm to find the better
path in route discovery and also saves an alternative path
and uses it when the link failure occurs.

To preserve the security in this protocol, similar to
SAODV, digital signature and hash chain are used. This
mechanism prevents ESAODV from external attack,
eavesdropping and black hole attack.

4.1 Propagation RREQ and RREP

When the source node needs a route to the destination, it
creates RREQ and broadcasts it to all neighbors.
Intermediate node receives the RREQ packet and then
checks the routing table. If there is a route to the
destination with higher sequence number, this intermediate
node sends the RREP to the source by reverse path.
Otherwise, each intermediate node updates its routing table
and then sends the RREQ to all neighbors until the
destination receives the message.

During the execution of this process, some nodes may give
the same RREQ many times and broadcast it more than
once, which reduces the energy of nodes and increments
the delay. The new mechanism has been designed in
ESAODV to prevent from responding the same routing
message. When the node receives the RREQ for the first
time, it saves its broadcast IP in the routing table. After
that, whenever it receives the RREQ with the same IP, it
does not broadcast this message because it is reiterative.

ACSIJ
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This solution causes reduction of routing delay and saves
the energy of nodes.

As shown in figure 1, A is a source node and 1, 2, 3, 4 and
5 are intermediate nodes. A Broadcasts RREQ to all
neighbors and it continues by others. Node 3 is a neighbor
of 1 and 2. So it receives RREQ from both 1 and 2 and
broadcasts the same RREQ twice.

Source 4,
node

Fig. 1 Broadcasting RREQ in SAODV.

In ESAODV, when node 3 receives the RREQ for the first time, it saves
its broadcast IP. After that, whenever it receives the RREQ, firstly it
checks the routing table. If the current IP is similar to the IP that exists in
routing table, the node eliminates the same RREQ and does not
broadcast it. Otherwise, the message is broadcast to its neighbors.

Source 4,
node ’?[-“O

Fig. 2 Broadcasting RREQ in ESAODV.

In the proposed protocol, this structure has also been
implemented for broadcasting the RREP. B is the
destination node and 4, 5, 6, 7 and 8 are the intermediate
nodes.

Destination
node

Fig. 3 Broadcasting RREP in SAODV.
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Destination
node

Fig. 4 Broadcasting RREP in ESAODV.

4.2 Implementing the Genetic Algorithm

In the routing process, finding a route, which has less
delay, is an important challenge. Smart algorithm is a kind
of algorithm that is used in optimization problems to find
the better solution. Genetic is one of the smart algorithms
that evaluate the chromosome according to the purpose.

In ESAODV, genetic algorithm is executed after the route
discovery process. The routes that are found from this
process create initial population. Fitness of this algorithm
is calculated based on the delay. Each RREQ message has
timestamp, which shows the time of the message creation.
Route delay is the difference between routing current time
(the time that message is received by the destination) and
RREQ timestamp.

rdelay = (CURRENT_TIME - rg_timestamp) 1)

rdelay is a variable that shows the delay. Current_time is a
time that the message is received by the destination.
rg_timestamp is a time that the RREQ has been created.
According to the calculated delay for each path, the path
that has the least delay is selected. So not only is the rout
selected based on the hop-count, but also delay affects
selecting it. Genetic algorithm both speeds the routing
process and finds the better route to send the data. Due to

the reduction of the delay, the network lifetime is increased.

4.3 Alternative Path

After executing route discovery and genetic algorithm, the
output of algorithm is selected as a current route to send
the information. If link failure occurs, route discovery
process in SAODV begins again. This approach increases
the packet routing overhead.

ACSIJ

WWW.ACS1).ORG

ESAODYV uses an alternative path. In this mechanism, the
second path is saved in routing table of the nodes. When
the genetic algorithm is done and the better path is selected
for sending the data, the second better path (which has the
least delay except the first rout) is selected as an alternative
path. So when the link failure occurs, the second path
alternates the current route and sending the information
continues. To implement this mechanism, each node has rt-
count function. This function shows the number of the path
to the destination. If this number is less than one, the
second path is saved as an alternative path. During the
execution of the protocol, if the route with less delay is
found, this route is changed with the alternative path and
the routing tables are updated. This approach significantly
minimizes the packet routing overhead.

5. Simulation Results

NS2 simulator is used to illustrate the performance of the
proposed protocol. In this simulation, AODV, SAODV
and ESAODYV are compared. Table 1 shows the
simulation parameters.

Table 1: Simulation parameters

Simulation Time 120s
1000 * 1000 m

Simulation Area Size

Number of Nodes 30

Data Transfer Rate 4 Packet /s
Wireless nodes transfer scope 250 m
Data packet size 512 bytes
Mobility mode Random
Packet transfer speed 1-10 mb/s
Traffic model CBR
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5.1 Packet Delivery Fraction

The ratio of the number of data packets received at the
destination to the number of those originated at the source.

AODY  ==SADDY ESADDV

=]

e /‘J’—’\‘/‘\‘*./rﬂ

86
a5

PACKET DELIV ERY FRACTION [

a4
o i} 0 30 ao 50 (2] i EQ 20
PAUSE TIME

Fig. 5 Packet Delivery Fraction Diagram.

5.2 Average End-to-End Delay

End-to-end delay represents the time that it takes the
packets to be received by the destination. Due to the
cryptographic techniques in SAODV and ESAODV,
average end-to-end delay is more than AODV.

Fig. 6 Average end-to-end delay diagram.

5.3 Number of dropped packet

This parameter represents the number of the dropped
packets.

Dropped packet = send packets — receive packets

Wl
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v —l—SAODY ESAODV

Fig. 7 Number of dropped packet diagram.
5.4 Packet routing overhead

The ratio of the data packet to the number of the routing
packets that have been sent.

Fig. 8 Packet routing overhead diagram.

Table 1 shows the advantages and disadvantages of some
secure routing protocols and the proposed protocol.

Table 2: Advantage and Disadvantage of Secure Routing Protocol and

ESAODV
Secure Disadvanta
routing Prevent from Advantage
protocol ge
Change, Expensive,
ARAN Eavesdropping ) Easy to vulnerable
, implement to
Impersonation wormhole
Dynamic Not always
SAR Change . shortest
routing, cost
path
Detection and Vulnerable
SRP prevention of Prevent from to change
impersonated | eavesdropping and
packet wormhole
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routing ener wormhole
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imcrelzrisn(?r?e;te Prevent from Abancon
ARIADNE persor malicious
the routing wormhole
. . node
information
Change, A Need more
ESAODV | eavesdropping, Authenticating storage
the node
black hole resources

6. Conclusions

To increment the performance of the network, ESAODV
uses the technique in which the intermediate node does not
respond to the same RREQ and RREP messages. Also, the
fitness function of the genetic algorithm is designed based
on minimum delay to find the better path from the source
to the destination. Additionally, alternative path prevents
from beginning the route discovery process when the
source node receives the RERR message. All these
mechanisms remarkably decrease the end-to-end delay and
the packet routing overhead of the networks.
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Abstract

Cognitive radio network is a concept of wireless communication for
mobile devices that offers the possibility to exploit the unused
spectrum resources opportunistically. These networks bring out the
need for new solutions that mitigate the spectrum management issue.
However, existing works do not focus on devices mobility whereas
serious problems arise when users are mobile specifically about their
provided quality of services. In this work, we study spectrum sharing
and spectrum handoff for mobile secondary users (SUs) and we
propose a novel approach that can be executed by a mobile SU when
traveling through wireless networks. The proposed solution is
inspired from multi-agent system auctions and integrates a learning
module which accelerates SUs” spectrum bands allocation. One of the
main contributions of this paper is the realistic implementation of the
learning based auction and the interesting results obtained through a
network discrete event simulator. Results prove that our proposal
enhances spectrum utilization and guarantees users satisfaction.
Keywords: Auction, Spectrum Access, Mobility, Cognitive radio,
resources management, learning

1. Introduction

In the last decade, cognitive radio [1, 2] technology has
received a tremendous attention thanks to its opportunistic
spectrum access abilities and its reconfiguration capabilities. A
cognitive radio network is a set of wireless devices that tries to
access the spectrum resources opportunistically. These devices
are known as secondary or unlicensed users (SUs). Licensed
devices, known as primary users (PUs), will share license
spectrum with SUs.

Spectrum management task is an important challenge in a CR
network as it includes the four main functionalities of a
cognitive radio (CR) device: (1) spectrum sensing to detect
spectrum holes; (2) spectrum decision to select the most
appropriate frequency band; (3) spectrum sharing; (4) and
finally spectrum handoff to switch channel whether it is
necessary.

Node’s mobility magnifies the spectrum management problem
since user’s handover can badly affect the provided quality of
service (QoS). Consequently, the need of complementary
researches in CR spectrum handoff is extremely important.

This work aims to provide a seamless spectrum handoff while
ensuring efficient spectrum allocation for mobile CR users.
The major contributions of this paper are as follows.
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1) We propose a multi-agent system based auction algorithm
for both spectrum sharing and handoff decisions.

2) We derive a realistic implementation that can be easily
deployed on PUs and SUs.

3) We enhance the system performances
straightforward learning module.

using a

Broadly, existing works use analytical approaches and game
theory solutions which produce theoretical results. However,
the need for more easily deployable, distributed, and scalable
solutions is highly relevant. For this reason, we rely on multi-
agent system (MAS).

The remainder of the paper is organized as follows. Section 1l
describes recent works on auction based spectrum management
in CR networks. Section Il details our proposed approach. We
present the context and the MAS-based auction we propose for
handoff and spectrum access. We depict both PU’s and SU’s
behaviors with the optional learning. Section IV gives the
extensive simulation results and section V concludes the paper.

2. Related word

Extensive literature is available onthe  study  of dynamic
spectrum management [3, 4] in cognitive radio networks
using various mechanisms. Among the different mechanisms
proposed to address spectrum allocation, an effective technique
has been the use of auctions [5]. There is substantial agreement
among economists that auctions are the best way to assign
scarce resources [6].

Furthermore, spectrum trading via auctions allows a more
dynamic, competitive and efficient communications market
than is possible under the traditional systems implemented so
far, mainly because spectrum users and wireless service
providers have better knowledge than regulators about their
spectrum requirements and valuations. For further details, we
can refer to the survey of auction mechanisms designed for
dynamic spectrum allocation in [7] and the tutorial paper in [8],
which discuss the use of auctions for dynamic spectrum
allocation in CR networks. Details on other schemes that have
been proposed to address the problem of dynamic spectrum
management are available in the surveys [9] and [10].

Among the limitations of existing work using auction theory
for spectrum allocation, we quote the extensive use of
analytical approaches and game theory solutions which
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produce theoretical results while we need for more deployable
solutions.

For example, in [11] the auction occurs between one PU and
multiple SUs sharing the same spectrum in a CR network.
Each SU makes a bid for the amount of spectrum it requires
and the PU assigns the spectrum band to the SU that do not
damage its quality of service (QoS). The objective of this
study was to find the Nash Equilibrium (NE) state. In [12],
authors formulate the problem as a non cooperative auction
game and study the structure of the resulting NE by solving a
non-continuous two dimensional optimization problem. Each
SU updates its strategy based on local information to converge
to the NE. This study can theoretically serve as a decision and
control routines for the SUs to exploit the underutilized
spectrum resource.

A further limitation in existing auction based spectrum
management researches consists in focusing simply on a MAC
layer solution ignoring the rest of layers.

In [13], for instance, a Q-learning based bidding algorithm for
spectrum auction is proposed, which enables SUs to bid for
available frequency bands automatically. This study presents a
bidding algorithm for SUs in each time slot. Authors study
buffering and channels occupation and they are not interested
in the pricing issue for spectrum bands allocation.

Authors in [14] propose a cognitive MAC protocol for CR
networks on the basis of the combinatorial auction principle.
Moreover, both of the two designs proposed in [15] and [16]
are based on analytical analysis to solve channel access at the
level of low layers.

In this paper, we implement the First Price Sealed Bid auction
at the application level with a real billing system to provide an
easily deployable and scalable solution. Furthermore, we have
introduced an effective solution for channel selection and
spectrum access by considering users’ mobility. We have
integrated a learning module to enhance system performances.

3. Novel auction based protocol

In this section, we briefly describe the scenario we use and we
present our proposed approach for spectrum access and
handoff in mobile CR networks.

We propose a solution for spectrum management at the
application layer where we integrate the selection and learning
modules. We are referred to the IEEE 802.11 standard for the
physical and MAC layers and we consider the IP protocol at
the network layer. Fig. 1 shows our model’s architecture from a
stack layers point of view. .
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We keep our protocol general so that it can be applied in any
current or future system equipped with CR technology as IEEE
802.11af or IEEE 802.22 standards, which have advocated
using white spaces left by the termination of analog TV to
provide wireless broadband internet access. A device intended
to use these available channels is called a "white-spaces
device" (WSD). In our model, SUs have the abilities to be
WSDs. The spectrum is located in the VHF/UHF bands (470-
806 MHz) and has the characteristics that make it highly
desirable for wireless communications.

Application Layer
SU Learning SU Handoff
Module Decision
_‘
1
| Network Layer ﬁ
I
IEEE 802.11

PHY and MAC Layer

Fig.1. Model’s Architecture

Sharing
task

|

For this work, we consider ad-hoc network with a set of
primary and secondary users. SUs are mobile nodes and PUs
are fixed ones. Each node is operating in a frequency band and
each PU can have unused frequencies (sub-bands). With
cognitive radio technology, nodes become able to switch from
one frequency to another. When an SU is moving from one
zone to another one, available resources may change and the
CR node will be able to use another available spectrum band.

The challenge in the previous scenario consists in allowing
SUs to select the target channel promptly and to move from
one zone to another one seamlessly without causing service
interruption.

Spectrum handoff and allocation processes will be modelled
through an auction between PUs and SUs existing in the same
zone. Each PU having free bands starts an auction and is
considered to be the auctioneer. On the other side, SUs are the
bidders and try to submit their offer until a potential win.
Besides, the proposed auction is improved with a learning
module to enhance the system efficiency and users’ band
attribution.

The price for spectrum band access is determined by CR users
(i.e., bidders). The multiunit sealed-bid auction as the first
price sealed-bid auction (FPSB) is very suitable to execute in a
determinable time with an acceptable signaling effort in
comparison to the sequential auction such as the English one.
In addition, the FPSB allow assigning spectrum holes to CR
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users faster than the traditional English auction as the FPSB is
a single round auction however the English one is a multiple
round auction [17]. For these reasons, we use the FPSB in our
proposed solution.

Accordingly, all bidders (SUs) simultaneously submit their
sealed bids. The highest bidder wins and the corresponding SU
pays its submitted bid. Fig.2 illustrates the considered FPSB
auction between PU and SUs agents.

First, each PU initiates an auction when some of its licensed
bands is released. It forwards a START_AUCTION message
to neighbouring CR users. An SU needs to access spectrum in
two cases: (1) When coming close to a new zone where the
radio resources change; (2) When its attributed spectrum use
duration expires.

zonel zone2

START_AUCTION PU3
T START _AUCTION o
PU3 stz pL2
START_AUCTION
T ﬁST{RTiA['CTIO\ \
SU1 —
0 ¥ 5
PU4

PU1

Fig.2. Auction modeling

The START_AUCTION message sent by the PU contains its
licensed frequencies (Freq(PU)) as well as the amount of free
spectrum sub-bands that can be allocated (Siee(PU)).
Whenever this amount of available sub-bands covers an SU’s
needs in terms of spectrum resources (Sweeded(SU)), this SU
participates in the initiated auction and sends a BID message
containing its offer in terms of unit price per second (PPS).
The other SUs who need more spectrum sub-bands do not
participate and wait for another auction.

The PU auctioneer selects among received bids the one that
presents the highest price per second and sends WINNER
message to the corresponding SU (SUw:SU winner) in order to
start sharing bands. The PU assigns its proposed use duration
(D(PV)) for a price (Ppaig). Each PU has its own fixed D(PU).
Use duration can be different for each PU. Ppaq is calculated
as a function of the price per second proposed by the SU
winner (PPS(SUw)). The PU waits for a positive
acknowledgment (ACK(OKY)) from the SUy to start sharing.

The SU shares bands with the PU that answers the first. If it
receives another WINNER message later from other PUs
while it is already sharing a PU’s bands, the SU withdraws and
sends a negative acknowledgment (ACK(NO)) to precise that it
has already won an auction. In this case, the negatively
notified PU restarts the auction process to choose another
available winner.
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In case of positive ACK, the PU shares the required sub-bands
with the SU winner and restarts another auction if it still
disposes of free sub-bands. Note that the PU’s own spectrum
bands utilization varies over time.

In the following, we present in details the sequence diagram,
the PU’s behavior and SU’s algorithm. We depict the
proposed algorithms dealing with their different steps.

3.1 Sequence Diagram

Fig. 3 describes the sequence diagram between a PU (the
auctioneer) and an SU (a bidder). The PU forwards a
START_AUCTION message and waits for SUs bids. This
call for auction contains the licensed frequencies and the
amount of free sub-bands of the PU. Interested SU responds
with a BID message containing its PPSyg. The PU sends
WINNER message with the proposed duration (D(PU)) to the
SU offering the highest PPS. If the selected SU has not won
another auction (no sharing band), it responds with positive
ACK and a sharing band starts. Otherwise, it sends a negative
ACK. In this case, the PU has to restart another auction.

START_AUCTION (Freq(PU), Free bands)

BID (PPS)
e e e
WINNER (Duration)
___________________________ >
ACK (response)
< ___________________________

Fig.3. Sequence diagram

3.2 PU behavior algorithm
The PU behavior is described in the algorithm A.

Whenever a PU starts an auction, it waits for a given time to
receive SUs’ bids. This waiting time is noted /.

Each PU has a Price Per Second Reserve PPSyesere. The PU
cannot accept an offer (PPS) lower than its PPSreserve. This
later is given by equation (1).

LG
7 or (P,

Where {PRi (PU,) €[PR,, (PU), PR, (PU)]
DR, (PU,) €[DR ;, (PU), DR, (PU)]

PPS @

reserve(

PRmin(PU) and PRmax(PU) represents the minimum and the
maximum prices that can propose a PU for its bands
allocation. They are fixed values and are the same for all PUs.
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Algorithm A: PU behavior

BEGIN
Sharing == false //The PU is sharing its bands
FreeBands=true //The PU has free bands
Repeat
If (FreeBands==true)
Then // The PU forwards START_AUCTION message
FWD (START_AUCTION_MSG)
/IThe PU waits for a given time (I) to receive bids
While (I not expires)
If (receive bid)
Then
Insert the bid in Bids_Vec
End If
End While
If ( I"expires)
Then //The PU selects the SU winner
Fori=1 ... No// Nonumber of bids; No=Bids_Vec.Size()
If (PPS; < PPSiesene ) // PPS;, :the bid number i
Then
Elimination of PPS; bid
End If
End For
SUwinner € SU that proposes the highest PPS
Ppaid € D(PU) * PPS(SUw)* Sneeded(SUw)
/IThe PU send WINNER message with the attributed duration
SEND (WINNER_MSG) to SUw
End If
If (SU’s ACK == OK)
Then
Sharing € true // sharing band
//Test if SU’s band needed (Sneeqeq) is less than PU'’s free band (Stree)
If (Sneeded(SU)< Stree(PU))
Then
FreeBands < true
Else
FreeBands < false
End If
Else //SU is sharing another band
Sharing <false
End If
End If
Until (Sharing == true and FreeBands == false)
END

DRmin(PU) and DRmax(PU) represents the minimum and the
maximum use durations that can attributes a PU for bands
allocation. Likely, these values are fixed and the same for all
PUs.

From received bids in I” time, the PU eliminates the bids
where the PPS is lower than its PPSeserve. Then, it chooses the
SU that proposes the highest PPS. The PU sends a WINNER
message to this selected SU (SUw) for a spectrum sharing with
the price Ppaia given by the following equation (2) and for the
use duration D(PU) initially proposed by the PU.

Ppaid: D(PU)*PPS(SUW)*SNeeded (SUW) (2)
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Where PPS(SUw) is the unit Price Per Second of the SU that
wins the auction and Sneeded(SUw) is the amount of spectrum
bands needed by SUw .

If the PU receives the same offer more than once from two or
more different SUs (i.e. same PPS), the PU chooses one of
them randomly. The following sub-section details the SU’s
algorithm.

3.3 SU behavior algorithm

Algorithm B: SU behavior

BEGIN

HO_Var = true //The SU is switching network

InShare = true /The SU is sharing PU’s bands

na(PUi) = 0 // Number of received Auction from the same PU;

/I If the SU is changing zone, it has to search for another free band
If (HO_Var ==true)
Then
InShare <false
End If
If ( (InShare false) and reception of START_AUCTION
(Freq(PUi), Stree(PUI)))
Then // The SU verifies if the auction call propose sufficient free bands
If ( Sfree(PUi) > SNeeded(SU))
Then // Learning Module
// qais the number of auction calls received from the same PU;
na(PUj) € na(PUj) +1
If (na(PUi) > 1)
Then
PPSbid € PPSinitial(SU) + na(PUi) * v
If ( PPSbid >PPSmax)
Then
PPSpid € PPSmax
End If
Else
PPSpid € PPSinitial(SU)
End If
SEND_BID (PPSbid)
End If
End If
If (received WINNER_MSG(duration(PU)))
Then
If (InShare ==false) // The SU reply by a positive acknowledgment
SEND(ACK(OK))
na(PUi) €0
Ppaid € duration(PU) * PPS(SU)™* Sneeded(SU)
Freq(SU) < Freq (PU) //Spectrum handoff
InSahre € true
Else //The SU reply by a negative acknowledgment
SEND(ACK(NO))
End If
If ( duration expires)
Then

InShare < false
End If
END
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Once an SU comes close to a new zone, it waits for incoming
auction calls. When it receives a START AUCTION message,
the SU verifies if the PU initiating this auction offers sufficient
sub-bands as it demands. The SU participates only to auctions
where the PU’s available bands (Swee(PU)) cover its
requirements (Sneeded(SU)). The SU takes part in all auctions
that satisfy its needs until it is selected as winner of an auction.
In each involvement, the SU proposes a bid in terms of PPS.

Each SU; has a price Pi(SUi) to provide for spectrum

allocation, it has also a favorite duration Di(SU;). Hence, it has

an initial price per second noted PPSinia(SUi), given by
equation (3).

R (SU)

D; (SU))

Where |Pi(SUD) €[Py, (SU), P, (SU)]
D;(SU;) €[D, (SU), D, (SU)]

PPS;iia(SU; ) = @)

Pmin(SU) and Pmax(SU) represents the minimum and the
maximum prices that can bid an SU for bands allocation.
Dmin(SU) and Dmax(SU) are the minimum and the maximum
use durations that can demand an SU for bands allocation. All
SUs have the same prices and use durations’ bounds.

Firstly, we have implemented our proposed auction based
spectrum management protocol considering that each SU
sends its PPSinia (as a bid). This case is referred as without
learning:

PPSyiq (SU; ) =PPS;;:.(SU))

Then, we have integrated a learning module in the SU’s
behavior to increase each SU chance to win auctions and
access the spectrum more quickly. The following sub-section
describes our used learning module, which is for this study,
straightforward.

Learning process

We define PPSmax(SU) as the maximum price per second that
can propose an SU for spectrum allocation. The PPSpax is
given by equation (4):
pPs,_ (sU)=-Fm(SY)
Dm’n (SU )
Pmax(SU) and Drin(SU) are previously defined as follows

(4)

P (SU) =Max(P,(SU,)) Vi
D, (SU)=Min(D ;(SU,)) Vi

The key idea behind our Learning module is to increase the
SU’s bid (PPSyig) whenever the SU receives an auction re-call
from the same PU provided that the new PPSyq does not
exceed PPSmax.This increase will be modelled by the learning
parameter noted .
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The PPSpig will depend on the number of auction calls received
from the same PU;. This number is noted na(PUi). PPShia(SU) is
calculated by equation (5).

{Ppsbid (SU) =PPS,;;ia(SU) + 7, (PU;) * v (5)

PPS,;, (SU) < PPS_,

The SU resets its PPSyig to its PPSiniiai after each successful
band sharing.

We assume that the SU is changing its environmental
parameter (HO_Var<true in the algorithm B) automatically
when it comes close to a new zone. The SU anticipates
changing zone when its average Received Signal Strength
(RSS) becomes lower than the RSS limit, which ensures a
good QoS. The SU behavior is detailed in the algorithm B.

To evaluate the performances of our proposed protocol,
extensive tests are conducted. In the following section we
analyse the simulation results.

4. Result

We perform our tests under OMNETPP simulator [18], which
is a discrete event simulation network tool.

We consider the specific case where SUs move from an initial
zone to a second one. We randomly deploy PUs over these
two zones and SUs arrive following a Poisson distribution
with parameter A set to 5. We suppose that SUs are
continuously requiring spectrum access. Spectrum is divided
in equal bands of 4 MHz bandwidth. Each band is sub-divided
into 4 equal sub-bands of 1 MHz. We assume that a PU can
own 0 to 4 free sub-bands. The number of simulation runs is
set to 10 and the results are averaged to plot graphs. In all our
simulations, a 95% confidence interval is computed for each
average value represented in the curves. These intervals are
plotted as error bars. The rest of the simulation parameters are
given in tablel.

TABLE 1
SIMULATION PARAMETERS
Parameters Values
SU distribution (A) 5
PU number (nbpus) 100
SU number (nbsus) {100, 110, 120, 130,140,150,160}
Bid Waiting Time (T) 0.6s

Learning parameter ()
Pi(SU)¢[Pmin(SU), Pmax(SU)]
Di(SUi) € [Dnin(SU), Dnax(SU)]

{0.1,0.2,0.3,0.4, 0.5}
[30, 50] (unit price)
[45, 120] (unit time)

PRi(PUi) .
¢[PRmin(PU), PRy (PU)] [35, 55] (unit price)
DRi(PU)) o
¢ [DRmin(PU), DRuax(PU)] [60, 240] (unit time)
Size of spectrum band 4 MHz
Size of spectrum sub-band 1 MHz
SU speed 10mps
SU Mobility type Linear
Simulation time 600 s
Simulation runs number 10
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First, we have evaluated the implementation of our auction
based approach without learning. We present the spectrum
utilization and the handoff delay, then we study the impact of
the PPSreserne(PU) on the handoff blocking rate, on users’
utility and on Handoff delay.

Next, we evaluate the impact of learning contribution on the
performance of the spectrum management protocol. For that,
we have compared obtained results when we integrate the
learning module with the case without learning. Besides, we
study the impact of the learning parameter (y) on the system
performances.

4.1 Auction implementation results

In this subsection, we present results of the basic auction
protocol (without learning). We introduce first the spectrum
utilization over time. Then, we expose Handoff delay, the
average blocking rate and users’ utility as a function of SUs
number.

Spectrum utilization

The spectrum utilization rate is equal to the amount of
spectrum bands utilized by all PUs and all SUs present in the
same zone divided by the total amount of existing bands. Fig.4
shows the average rate of spectrum use within 600s for a total
of 130 SUs and 100 PUs.

1 T T T T T

» W deatun o
e e

0.9+ oo

Spectrum Utilization

360 4&0 5&0
Time (s)
Fig.4. Spectrum utilization rate over time

1 !
0 100 200

We observe from Fig.4 that the spectrum utilization rate can
achieve up to 94% of the whole available spectrum and then
reaches a steady state in a transient time until the end of the
simulation. This proves clearly that our protocol improves
significantly the spectrum use.

In the next sections, we will study the impact of the number of
SUs on the handoff delay and the blocking rate.

Handoff Delay

The Handoff delay (Dwo) in these analyses is calculated as the
average waiting time between two successive spectrum
accesses. The Handoff delay is given by equation (6).
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anUs nbgys aII

Where Ta(B(i+1)) is the time allocation of a band (i+1) and
Te(Bjis the end time of the i band used by SU. Na is the total
number of spectrum allocations for SUs and nbsys is the
number of SUs present in the system.

Nay

HO

The bar chart in Fig. 5 presents the handoff delay as a function
of SUs number compared to the average spectrum use duration
that can an SU obtain. Fig.5 shows also the rate of SUs that
have successfully access the spectrum.
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Fig.5. Handoff delay versus the average use duration

The most interesting result is that the handoff delay is
extremely low compared to the average spectrum use duration.
This result proves that the proposed auction based approach
ensures low interruption time and guarantees service
continuity.

Besides, we observe that the handoff delay decreases slightly
when the number of SUs increases. This is explained by the
fact that the percentage of SUs successfully accessing the
spectrum decreases. For example, with 100 SUs there are an
average of 91.8 SUs that have successfully access the spectrum
resources. Consequently, the handoff delay presented is relative
t0 91.8% SUs.

Blocking rate

To evaluate the smooth functioning of the proposed system, we
measure the percentage of SUs that have failed to use the
spectrum, i.e. SUs that lost all tripped auctions. This percentage
is noted blocking rate and is plotted in Fig. 6 as a function of
SUs number.

Furthermore, we study the impact of PU’s PPSreserne 0N the
blocking rate and then on users’ utility. We consider three
cases of PPSreserve: @ random case and two boundaries values of
PPSreserve, respectively (Min(PPSreserve)) and Max(PPSreserve).
Note that Min(PPSreserve) and Max(PPSreserve) are as follows:
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Min(PPS . (PU)) = (PU)
DR, (PU)
PR, (PU)
MaX(PPSreserve(PU )) =
DR,,, (PU)

Fig. 6 shows that the blocking rate increases considerably when
the PPSreserve IS equal to Max(PPSreserve). This result is expected
since the PPSreere in this case is generally higher than the
average PPS proposed by the SUs. Consequently, PUs will
eliminate most received bids and few SUs access successfully
to the spectrum. However, we clearly observe that the blocking
rate is notably lower when the PPSieserve is the minimum. It is
important to note that when the PPSieserve is random value, i.e.
the general case, we obtain low blocking rate near to the
minimum case. This proves that our approach ensures a
significant exploitation of the spectrum resources and can
satisfy the needs of most SUs.
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Fig.6. Blocking rate

The blocking rate increases when the number of SUs rises,
which is expected since the available resources are unchanged
and first coming SUs will be the first served. Thus, the
probability to receive a call for auction that presents sufficient
free bands becomes too low when the number of SUs increases.

Users Utility

User’s utility is a very important metric to evaluate the
satisfaction of the network’s users. Therefore, we have
measured CR users’ utility as well as PUs’ utility. We have
also studied the impact of the PPSyeserve 0N both measures.

SUs’ utility

In this scenario, the SUs’ utility can be defined as the SUs’
benefit from PUs offers. In other words, an SU wants to have
more spectrum use duration with a minimum price. The utility
of the i SU noted U(SU) is given by equation (7).

D

1 PRmn PU * attributes
VU =12, (5 - DR... (PU) "
all Unit paid max ( )
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Where Na is the total number of successful spectrum allocation
of the SUj in the simulation. Punit paid is the unit price paid (for a
sub-band allocation) and Datributed iS the attributed duration for
the spectrum access. Recall that PRmin(PU) and DRmax(PU)
represents the minimum price and the maximum use duration
for PU’s allocated spectrum bands, respectively.

The SU’s utility can be presented otherwise, as a function of
the SU’s proposed PPS. U(SU;) can be given by the following:

®)

Min(PPS sere (PU))
PPSbid (SU|)

all

UEU) =3, €

Fig.7 shows the average SUs’ utility in the previous three
cases Of PPSresere. We observe that our proposed auction
protocol ensures a good SUs’ utility when we consider flexible
PUs (random PPSresere) Very nearly to the case of non-strict
PUs (Min (PPSresene)) and is largely better than obtained SU’s
utility with strict PUs (Max (PPSreserve)).

---| =% =Min(PPSreserve(PU))
== Max(PPSreserve(PU)) |
=—@—random PPSreserve(PU)|:

b B B
35 T T T
I R e R s ;- - - - ]
i i 1 1 i
120 130 140 150 160
SUs number

Fig.7. Impact of PPSesene and SUs number on the SUSs’ utility

In the next subsection, we present the impact of the PU’s
flexibility (i.e. boundaries of PPSeserve) in its average utility.

PUs utility

We define the PUs’ utility as the PUs’ profit from SUs’ bids.
The utility of the i PU noted U(PU;) is given by the equation
(9).

F)Unit paid Dm’n (SU )
I:)r‘mx (SU ) Datlributed
Where Pmax(SU) and Dmin(SU) represents the maximum price
and the minimum favorite use duration that can propose an SU
for spectrum allocation respectively.

*

©)

U(PU,) =

PU’s utility can be presented otherwise, as a function of the SU
winner’s proposed bid (PPSyigq) and inversely proportional to
the SUs” PPSmax as given by equation (10).

I:)Psbid (SUW )
PPS_. (SU)

U(PU,)= (10)
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Fig. 8 draws the PUs’ utility as a function of SUs number. It
shows that PUs’ utility is more important when the PU is very
strict (Max (PPSreserve)), Which is obvious since the PU accept
only bids offering very high PPS. Our proposal with random
PPSreserve €nsures important PUs’ satisfaction that reaches 70%.

PUs' utility (%)

== =Min(PPSreserve(PU}))
== Max(PPSreserve(PU)) |
=8 random PPSreserve(PU)

0 i I i i I i
100 110 120 130 140 150 160
SUs number

Fig.8. Impact of PPS eserve and SUs number on the PUs’ utility

Since we showed above, the implemented auction protocol
provides high spectrum utilization, low blocking rate and
ensures users’ satisfaction. PPSreserve Study proves that the
proposed bids (SUs’ PPS) should not be far from the PPSyeserve
to have efficient system. This condition is generally satisfied
since bidders in auction market know approximately the price
range of the proposed product.

Hence, it is widely interesting to involve the learning process
into CR devices. Whenever its bid is rejected, the SU tries to
increase it so as to reach the PPSyeserve.

The remainder of conducted simulations is devoted to study the
impact of the integrated learning module in our proposed
spectrum management based auction protocol.

4.2 Learning based auction for spectrum management
results

In this section, we compare the two alternatives of the proposed
auction based protocol, one with learning module and the
second without learning. We study the impact of the SUs
number as well as the learning parameter y on some important
metrics such as handoff delay and users satisfaction.

Average number of attempts before spectrum access

One of the major objectives when introducing the learning
process is to accelerate SUs’ spectrum access. Thus, we
measure the average number of SUs’ attempts (failed bids)
before spectrum access (i.e. before auction win).

First, we assume the learning parameter y is equal to 0.1 in
equation (5) and study the average number of attempts before
spectrum access as a function of SUs number. Results are
shown in Fig. 9.
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Fig. 9 clears that the learning module decreases extremely the
average number of SUs’ attempts before spectrum access. This
number is reduced from more than 120 to 25 attempts.

This important result proves that our proposal of using learning
based auction for spectrum management enhances largely the
bidding efficiency and the access opportunity.
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Fig. 9 Average number of SUs’ attempts before spectrum access as a function
of SUs number

The learning process is modeled through the learning
parameter y. Consequently, we study the impact of y on the
average number of attempts before spectrum access as shown
in Fig.10. We fix the SUs number to 120 and we vary the
parameter between 0.1 and 0.5.

Fig.10 proves that increasing the learning parameter allows to
further reduce the average number of attempts before spectrum
access. This is explained by the fact that the SUs’ bids reach
the PUs’ PPSyeserve more quickly.

Besides, we present in Fig.10 the auction based protocol when
considering that all SUs send the same bids, equal to PPSpax.
When the learning parameter increases, the average number of
attempts obtained with our protocol is approaching obtained
results when SU’s PPSyq is equal to PPSmax.
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. 10 y impact on the average number of SUs’ attempts before spectrum
access
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In the next subsections, we study the impact of the learning
process on blocking rate, handoff delay and users’ utility.

Average blocking rate

Another objective of the learning module is to make more SUs
able to access the spectrum. To confirm this property, we have
measured the blocking rate that reflects the percentage of SUs
that have failed to access the spectrum. Fig. 11 presents the
comparison results between the learning based approach and
without learning alternative.
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©

| === Our protocol (Auction based learning (y = 0.1)
=+ = Auction Without learning

=
@

o
~

=g
@

o
o

o
~

Handoff Blocking rate

110 130

SUs number

Fig. 11 Impact of learning module on the blocking rate

Fig.11 shows that the learning module decreases the blocking
rate, which proves that the learning based auction proposal
improves the number of SUs accessing the spectrum
resources. As previously explained (section IV.A.3) the
blocking rate increases when the SUs’ number rises. This is
due to the scarcity of free spectrum bands when having a large
number of SUs.

Users’ Utility

Learning module can impact on users’ utility as the SUs will
send higher bids and PUs will receive more interesting offers.
Thus, a priori, the PU will be the beneficial from the learning
process in terms of reward. Effectively, as confirmed by results
in Fig. 12, PUs’ utility is enhanced inversely to the SUs’ utility.

00
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Utility (%)

—("—\,PU utility through our protocol (y=0.1)
--| = = =PU utility through auction without learning --- -
=== SU utility through our protocol (y=0.1)
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i i i i
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SUs number

Fig. 12 Impact of learning module on users’ utility
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To reveal the learning parameter influence on users’ utility, we
varied w while fixing the SUs number to 120. Fig.13 presents
the comparison between the obtained results with random
PPSreserve and the case where all bids are maximized
(PPShids=PPSmax).

1d§-

90+

Al

60~

(random PPS(SU))
(PPS(SU)=PPSmax)| -

= = =SU utility (PPS(SU)=PPSmax)|
(random PPS(SU))

Utility(%)

i i
0.25 0.3 0.35
Learning parameter ()

Fig. 13 Impact of y parameter on users’ utility

Fig.13 shows that the PUs’ utility increases when iy rises.
Contrary to SUs’ utility that decreases when v increases and
tends towards the lowest utility that can be obtained in the case
of sending the PPSmax.

Handoff Delay

Another important metric that must be studied when
considering learning module is the handoff delay. We present
in Fig.14 the corresponding results. We observe through Fig.14
that the handoff delay increases slightly with the learning
process. This is obvious and expected because the number of
SUs successfully access the spectrum increases. This involves
more spectrum bands occupancy and more time for channels
release. Consequently, SUs will need additional time to
perform handoff and to access the spectrum.

25

=-+-= Auction Without learning

20 —— Our protocol (Auction based learning (y = 0.1))

Handoff Delay (s)

i i
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Fig. 14 Impact of learning module on the handoff delay

To summarize, the implemented learning based auction
protocol for spectrum access and channel selection ensures an
important spectrum exploitation and low handoff delay
compared to the average use duration. Our proposal guarantees
likewise good utility for both primary and secondary users.

Copyright (c) 2015 Advances in Computer Science: an International Journal. All Rights Reserved.



ACSIJ Advancesin Computer Science: an International Journal, Vol. 4, Issue 6, No.18 , November 2015

ISSN : 2322-5157
www.ACSlJ.org

5. Conclusions

In this paper, we designed a novel multi-agent based auction
system for spectrum allocation and channel selection. We have
improved our approach through a straightforward learning
module. Besides, our proposal integrate a real billing and
pricing system that can be easily deployed in actual and future
wireless networks.

Simulation results prove that our proposal provides high
spectrum utilization, low blocking rate and ensures users’
satisfaction. Furthermore, we showed that the learning module
improves mobile cognitive radio users’ behavior in terms of
bidding efficiency and access opportunity. In addition, it
enhances the primary users’ utility and reduces the overall
blocking rate.

As future work, we intend to study different learning strategies
for cognitive radio users and we will propose an additional
learning process on the primary users’ side.
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Abstract

There are many ways to recognize the identity of
individuals and authenticate them. Recognition and
authentication of individuals with the help of their
handwriting is regarded as a research topic in recent years. It
is widely used in the field of security, legal, access control
and financial activities. This article tries to examines the
identification and authentication of individuals in Persian
(Farsi) handwritten texts so that the identity of the author can
be determined with a handwritten text. The proposed system
for recognizing the identity of the author in this study can be
divided into two main parts: one part is intended for training
and the other for testing. To assess the performance of
introduced characteristics, the Hidden Markov Model is used
as the classifier; thus, a model is defined for each angular
characteristic. The defined angular models are connected by a
specific chain network to form a comprehensive database for
classification. This database is then used to determine and
authenticate the author.

Keywords:Persian handwriting recognition, authentication,
Off-line, Hidden Markov Model

1. Introduction

In this era, security and information protection is
considered a big challenge of humanity in the modern
world. Identifying writers from their handwriting has
recently become a considerable and interesting subject
in identity recognition. Among behavioral features,
handwriting is easily achieved and studies show that
different individuals have different handwritings [1,2].
Therefore, identifying and confirming the identity of
individuals using their handwriting has been a research
focus in recent years and its major application is in
security and legal issues, controlling systems access,
and financial activities. The identity recognition
problem aims to specify the identity of the writer, given
a handwritten text and the identity confirmation
problem aims to specify whether two given handwritten
texts have been written by one individual. Generally,
graphology experts analyze and investigate handwritten
texts. Although human intervention in solving this
problem is an effective approach, it is costly and tiring
due to the nature of human beings.

24

Most conducted studies in writer identity recognition
and confirmation have been offline and signature-based
online methods are more common in identity
recognition. Most studies in identity recognition focus
on the English language and there has been few studies
regarding Arabic and Persian handwritten texts in
comparison to the English language. Accordingly, this
paper briefly studies the widely used methods in Latin
and Persian texts and compares these methods and
application for the Persian language. Finally, an online
method is introduced and presented for identity
recognition and confirmation for Persian texts.

2. Previous Works

Reviewing conducted studies and papers shows that
they mostly investigate writer identity recognition based
on handwritten texts and a limited number of methods
are introduced for determining and confirming identity.
This may be because introducing an efficient solution
for identity recognition can also include a reliable
approach for identity confirmation. In what follows, the
most important proposed methods are introduced in the
domain of handwriting recognition.

Horizontal and vertical views have been widely used
in identifying English and Persian texts. Accordingly,
Zois et al. [3] propose a text dependent method for
identity recognition. In this method, the vertical view
histogram of a word’s image is processed and the
considered features are extracted using morphology
operators.

Bensifa et al. [4] investigate identity recognition in
form of a text-based information retrieval problem. In
this method, features are retrieved based on the type of
the used data and thus, this method is easily generalized
to other languages, including Arabic, Persian, etc.

Reference [5] proposes a method for identity
recognition and confirmation, which is based on
Markov's hidden model. In this model, for each writer,
an HMM model is considered and each corresponding
model is trained using samples of the writer’s
handwriting. Therefore, each HMM model works as an
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expert, who is able to recognize the handwriting of a
certain individual.

Reference [6] introduces a method for writer identity
recognition that extracts features from the image of the
handwritten text using edges information. The
introduced features indicate direction changes during
the writing process. In fact, the main notion of this
method is that the writing process constitutes of a set of
pen hits and the specifications of this process can be
achieved by extracting the edges information.
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In a paper by author [7], a new method is proposed
for feature extraction from handwritings. One of the
proposed methods is the n feature extraction method
that extracts features indicating straight lines and curves
used in handwritings.

The aforementioned methods are the basic propose
algorithms in handwriting recognition. Table 1 briefly
presents some of the writer identity recognition papers
using different algorithms.

Tabel: writer identity recognition papers using different algorithms

Author's Name Database Feature Extraction Classification Methods Ij&a\nguage-
ccuracy
Edge based directional PDFs as K-nearest neighbor and a
M.Bulacu [8] 650 Writers features (Textural and allograph | feed forward neural network English- 92%
prototype approach) classifier
Allograph prototype matching af-iwf (allograph frequency
Neils et al. [9] 43 Writers approach usingthe dynamic time inverse writer frequency) English- 60%
warping(DTW)distance function measure
Point-based (speed,acceleration, Te()llori]rog)s(:ssgn?r?];fs
B.Helli,al. [10] 100 Writers vicinitylinearity, vicinity slope), g Persian- 95%
subsequence) based
stroke-based L
classifier
Soleymani Baghshah 128 Writers Fuzzy approach Fuzzy Iear_nlng vector Persian- 95%
[11] quantization
Eezzl]ll,B.,Moghaddam 100 Writers XGabor filter Weighted Euclidian distance Persian-77%
. . Fuzzy clustering & gradient . .
Sadeghi [13] 50 Writers features MLP(multi layer perceptron) Persian-77%
2-fold cross validation,
Golnaz Ghiasi [14] 180 Writers Codebook Leave-oneout cross Persian-93%
validation
Schlapbach et al. [15] 100 Writers X-Y coordinates Hidden Markov Models English- 96%
A textual based Information
88 French Writers Retrieval model, local features French- 95%
Bensefia et al. [16] such as graphemes extracted Cosine similarity
150 English Writers | rom thesegmentation of cursive English- 86%
handwriting
Rafiee and Motavalli 100 Writers Baseline and width structural Feed forward neural network Persian-95%
[17] features
3. The Structure of the Recognition System complex factors, like training, physical status,

Handwriting as a behavioral feature is very dependent

on brain performance and it is affected by several
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environmental and mental conditions of the individual.
Therefore, in writer identity recognition, features should
be discussed that indicate the differences between
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different handwritings. In addition, Arabic and Persian
handwritings have several differences from Latin
handwriting. Persian and Arabic handwritings are
inherently continuous and overheads and underlines
prevent the application of methods that require full
segmentation. The shapes of Persian and Arabic
alphabets are a function of their location in the word and
there may be different forms of each alphabet in different
locations, including the beginning, middle, and ending of
the word or as a separate alphabet. Some Persian
alphabets have one, two, or three dots above or below
them. Persian and Arabic handwritings have many print
fonts and handwriting styles.

3.1. The Proposed Algorithm

Since our goal is to propose an automatic writer
identity recognition method and there are no constraints
in the considered handwritings, we cannot use methods
that require automatic and full segmentation of text into
words and alphabets. The general structure of this
method includes four stages: collecting the handwriting
samples, preprocessing and create the binary image,
feature extraction, writer identity recognition or
confirmation using pattern recognition methods. The
proposed method considered the handwritten text as an
image. This method is evaluated using the handwritings
of 70 individuals and results indicate that the proposed
method is highly efficient for Persian handwritten texts.

3.1.1 Sample Collection

In order to evaluate the proposed method and the other
investigated approaches, 70 individuals with different
education, age, and gender were asked to fill the
designed forms with their normal handwriting. These
individuals were selecting from ordinary people. For
evaluation, the individuals were asked to write two
determined texts, which are in one paragraph and include
various words. The determined texts are presented in
figure 1 and 2.

Ay / v
etk L, f,.»o» »//J/) Of’ Py U’ﬁ m’ &, pﬂ/,» o

’/
Wl ,,,(,(/;L,;uw ulw s (» b Waw»; L
(Z{‘”,J(/dLVO)’/U[/ D (j’l)’)d’//wl Q/l /)l,;(’
”’wb/pu‘ »J:/wb/»u,fﬂ,,m/ww A 4_///»1

Y I
/Jroéflo,u/,/ L;,J u/z/_,y),flwﬁ (/u/(/(,,._/,;f,,; Fuycfb 21,)
L = / s -
r”"”"O"’z{-’" —p U ;/r“/b,;/ Chap g ;(//(/ﬁl_JLM
L #

L ,v./’/ﬂ)m_, ¢ [J’l ,,.»/ U/,J

Figure 1. The image of the first handwritten text

The forms do not have lines; however, the individuals
were asked to write along straight horizontal lines.
Nonetheless, it was observed was some forms had tilted
lines; in most forms, however, the lines were almost
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align a straight line. After collecting the forms, all were
scanned as grayscale images with resolution 300dpi.

3.1.2 Preprocessing and create binary images

One of the stages that is performed in most image
processing systems is binarization. Transforming a
grayscale image into a binary one has several advantages.
The size of a binary image is far smaller than a grayscale
one and since, one of the important characteristics of
personality recognition systems for handwritten texts is
their speed, and the smaller size of the binary image
facilitates and accelerates all stages. Therefore, create
binary image reduces image sizes, as well as removing
redundant information.

3.1.3 Feature Extraction

In order to propose an efficient method for writer
identity recognition, features should be considered that
indicate the differences of different handwritings. in this
method, angular features (in 8 angles, 0, 20, 40, 60, 80,
100, 120, and 140 degrees) are first extracted and
compared for each image page.

I(x, y) is the resulting image from preprocessing,
which is a binary image. First, closing morphological
operations are applied to binary image I. gi. is the i-th
image resulting from closing operations with
constructing element S;, which has the same dimensions
as the input image I. I: the binarized input image. S;: the
i-th component. Components are direct lines with
different angles. Figures 3 to 5 presents an example of
angular specifications extracted from each image.

As we can see, for most angles, these specifications
have different patterns for different images and by
inferring these differences, features can be introduced
that can recognize the handwriting. Some of the usable
features include 1- the number of remaining black objects
in the image resulting from angle extraction operation.
For instance for a 40 degrees angle, it is clear that the
image has more black spots. 2- The length of the
remaining objects from the feature extraction operation.
3- The total area of black locations of the image resulting
from the feature extraction operation.

/ ! @ - -
AT st () s Ay oy U ,,'g,. A i
‘-""/"-’“*‘" 0""/”(/“- b g‘umro'// ch, A e R _ch/)/
e
U;‘.l, L‘-Pb q/\_uo-r"/'_d,/

7 .
Li» ;,/miw d,,,e/ bo i et U oér'wfv/z 3_,,

":’U",’%/L/U),) ol )U-)u- @

Vg
um I ,M 0.4», [ i.r«up ¢ _su, b f_/fu.ww 2 t..-»",y;

r/;/ t.«_.w, {"IV“U/"‘-’“"—J u\_.-fwr/

Figure 2. The image of the Second handwritten text
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Figure 3. Angular specifications of 0 degrees for the
image of a handwriting
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Figure 4. Angular specifications of 40 degrees for the
image of a handwriting

Figure 5. Angular specifications of 80 degrees for the
image of a handwriting

Subsequently, the angular specification of each image
is extracted for different angles of the number 2
handwriting of the collected samples as figure 2.
Moreover, we can also use a combination of the
aforementioned features. For the feature extraction stage,
the number of length of the remaining black objects is
used as the component. This feature is computed and
compared for the handwritings of two individuals that
there are two different handwritings from each
individual. As we can see in table 2, the difference of
features between the handwritings of an individual is
smaller than that of two different individuals.

After the pre-processing stage, feature extraction is
performed for each image extracted from angular
specifications, separately with components in form of
lines with different lengths, which are considered 3 to 40
in this research, so that the observation sequence (feature
vector) of each handwritten text is achieved. Finally, this
observation sequence is sent to a chain network to
recognize the identity of the writer; however, it should be
normalized before sending it to the classification stage.
Moreover, when the discrete hidden Markov model is
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used for classification, the input values should be
discrete. Therefore, a quantization operation is used. A
feature vector with integer values in range [0, 100] is
considered in the implemented identity recognition
system for each angular specification.

Table 2. Calculating features for the handwritings of two individuals

Number of Number of Number of Number of
components components
components components . .
. . remained remained
remained remained . .
Angles . from First from First
from First from Second . .
. o Handwriting Handwriting
Handwriting Handwriting
. . of Second of Second
of first person | of first person
person person
0 34 50 64 74
20 166 163 147 159
40 199 214 146 166
60 104 101 35 40
80 83 79 29 33
100 25 23 13 11
120 5 7 4 7
140 15 15 10 8
4. Proposing a Model for Angular

Specification

The proposed writer identity recognition system is
divided into two main sections used for training and
testing. In order to increase accuracy and security, the
constructed models are embedded in a chain network,
which presents a credible text image for angular
specifications. In this research, each angular specification
is considered as a separate model. The discrete left to
right hidden Markov model [18] with a forwarding state
is used to implement each angular specification model. In
order to train the model, it is necessary to compute the
related parameters, A = {4, B, w}, using equations 1, 2,
and 3. Therefore, it is only necessary for the considered
angular specification after the feature extraction stage
and providing the feature vector (observation sequence
0;) to use the three equations above to extract the
parameters of the model.

T, — 1), 1<i<N 1)
Y )

L= <N 1<j<N 2)

= N Sls
Z:_11 Ye(,))
ZTt=1. re()

Ot=Vk

. ) 1 S 'l —
ZZ=1 1230)) J
4.1 Feature Extraction

The Baum Welch algorithm is used to train HMM
parameters [18]. It means that A = {A, B, } is used to
present each angular specification model. The initial state
distribution of the models are @ = {m;}, where m; =1
and r; = 0 for 1 < i < N. Moreover, N is the number of
states in the corresponding model. For the transition

Copyright (c) 2015 Advances in Computer Science: an International Journal. All Rights Reserved.



ACSIJ Advances in Computer Science: an International Journal, Vol. 4, Issue 6, No.18 , November 2015

ISSN : 2322-5157
www.ACS|J.org

probability matrix A = {a;;}, initially a;; = a;;4; =
a4, =05for1 <i<Nanda;; =0wherej #i+1,
j #i,andj # i + 2. Moreover, ay y is equal to one.

4.2 Proposing a Chain Network for Training
Models

A chain network of angular specifications is used to
increase the accuracy and security of the writer identity
recognition system's output and constrain the search
space. The chain network is divided into a set of sub-
models {D;,D,,...,D,} based on the angles.
Subsequently, each model is indexed as SWD,, ; based on
its parts. Sub-models are embedded in a chain network
called WNy;, which presents the text images, and they
are connected through specific paths. The performance of
the identity recognition system for searching a writer on
the chain network is as follows. First, using the method,
which was explained in the feature extraction method, the
observation sequence Og = [04, 0y, ..., 0] IS Obtained for
the image of a handwritten text.

In this equation, p(SW;|0;) = p(0;|SW)p(SW;)/
p(0;) [18]. Moreover, for simplicity, we assume that all
parts of the text image occur with the same probability
along the chains™ path. Therefore, p(0;) is the same for
all parts of the image text and the problem is reduced to
maximizingp(0;|SW;), which can be effectively
compuited by the Viterbi Algorithm for network WNy;.
Finally, equation 4 is used to search writer w in Dy.

W = argmax [T, P(O;|SW;, WN;) (4)

5. Implementation of the

Algorithm

Proposed

In this research, all simulation is performed using
Matlab R2013a on windows 7 operating system and
2.30GHz Intel Core i5 processor. Results of extracting
the components based on angular specifications show
that for Persian handwritten texts, features are about the
same throughout the text. For instance, for a 40 degrees
angle, images with maximum component have different
pixel lengths. After the pre-processing stage, for each
image extracted separately from the angular specification
with line components and different pixel lengths, which
is considered 3 to 40 in this research, feature extraction is
performed to provide the observation sequence (feature
vector) corresponding to each handwritten text.

Subsequently, for each writer, a left to right HMM is
considered in which the initial node is zero degrees and
the end node is 140 degrees with a 20 degrees step. After
the feature extraction stage, for the first handwriting of
each writer, the state change probability matric and
symbol observation probability matrix is created, which
is considered the input of the HMM. Parameters are
trained using the Baum-Welch algorithm on the
extracted features. In these computations, the maximum
learning iteration is considered 100. In order to classify a
sequence to one of the K classes, K HHM models are
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trained for each class. Subsequently, LL values are
computed using the HMM Toolbox [18] of MIT. If the i-
th model is the most similar, the sequence belongs to
class i. in statistics, the log likelihood function is a
function of statistical model's parameters that plays a key
role in inferential statistics.

In order to run the propose algorithm to recognize
and confirm the identity of the writer, a specific
handwriting of a writer is selected; the second
handwriting of the same writer is then compared using
HMM Toolbox. Subsequently, the second handwriting of
another writer is selected and its LL measure is
computed. In this section, the output of the proposed
identity recognition system is compared under different
circumstances. In these experiments, from the total 70
samples, 50 are selected for training and the remaining
20 are selected for testing. This comparison is performed
for different training conditions, including the parameters
of components’ angles, training duration, etc. the
precision is computed based on the percentage of
correctly recognized samples divided by the total number
of recognitions. Table 3 presents these results. As we can
see, the highest precision rate of identity recognition for
the training data is resulted when the number of
component’s angle changes is equal to 7 or 12 and the
component length is equal to 9 or 10. Whereas, for the
test data, the number of component’s angle changes is
equal to 12 and the component length is equal to 9.

Table 3. Comparison of results for different HHM training

conditions
number of precision rate of
component’s component Lea_rning ident_ity
angle length Time recognition
changes (Second) | Learning | Test
(AG) Data Data
4 17 804 99% 63%
7 13 444 98% 75%
10 10 320 98% 78%
12 9 266 94% 81%
15 8 213 89% 7%
17 7 177 84% 74%
20 6 160 78% 73%
25 5 124 71% 65%
30 4 106 61% 57%
6. Evaluation

Since, there has been no standard database for Persian
handwriting texts and the relevant published papers each
have a different database, the Arabic handwriting
database in reference [20] is used to evaluate the
proposed algorithm.

This database consists of 4 pages in Arabic of 1000
forms of handwritings, which are collected from 1000
female and male writers in the country with different
ages, 15 to 70. About 65% of these forms are filled by
individuals with ages in range 16 to 25. For each
individual, there are four images of handwritings with
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different contexts in resolutions 300 and 600dpi. Reading
signs and symbols are rarely observed in these texts.

After scanning the forms and performing pre-
processing operations, the researchers, who have
collected this database [19], have transformed them into
binary images using the Otsu thresholding algorithm and
they have also removed the noise. The tilt modification
operations are performed before extracting paragraphs
from the images. After identifying the possible lines, the
X-Y coordination of each extracted line and their
regression is obtained to compute their slopes. At the
next stage, paragraphs are extracted. Since, there are
many dots and overheads between the lines in Arabic, the
subsidiary components are first removed and only the
primary components remain (in the reference paper, this
part is called Part of Arabic Word (PAW)). The image is
then divided into several vertical strips. The lines of each
strip are identified and finally, dots and overheads are
added to the strips. The words of each line are identified
by finding the white spaces between words. Moreover,
the division positions are identified by findings a
hypothetical space more than 10 pixels. At the next stage,
the text inserted in the forms is evaluated in three phases.
This is performed by human personnel. In the performed
research, results of 4808, 938, and 966 lines are
respectively dedicated to training, validation, and test
sets. The handwritten text is recognized using discrete
left to right HMM with Bakis topology and using HTK.
In fact, the shape of each character is considered as a
class during training. The identified characters with
similar shapes are placed in one class. In sum, 149
classes are considered. Several statistics features are
extracted from the lines images using the sliding window
technique, where windows are considered with different
lengths. However, the best result is achieved by the
sliding window with length 4 and shared space 2. After
the extraction, features are quantized in the linear
codebook using top-down clustering. Table 4 presents the
recognition rate results of the algorithm in reference [19],
the multi-layer perceptron neural network, and the
proposed algorithm.

Table 4. Comparison of the precision results of the proposed
algorithm on the handwriting database

i Ay e 09
Reference [19] 51.4 51.73
MLP 28 34
Proposed algorithm 61.5 58.7

Since this research aimed to propose a dynamic
(smooth and automatic) method and no limitations are
considered for the type of the investigated handwritings,
we do not consider methods that require the automatic
segmentation of the text into words and letters. The
characteristic of the proposed method is compatible with
the structure of Persian handwritten texts.
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This method is introduced as an approach to text-
dependent identity recognition. Of course, considering
the images resulting from angular specifications, it is
clear that these features are about the same throughout
the text and thus, this method can also be used as an
independent method.

7. Conclusions

Feature extraction is one of the determining stages of
increasing the identity recognition rate in identity
recognition systems. Extracted features should indicate
the different of an individual’s handwriting from that of
others and there should also be minimal difference
between handwritten texts of an individual. This research
employs a combination of edge direction distribution and
edge axis distribution features to extract features, as well
as the hidden Markov Model. Angular specification
models are connected through a specific chain network to
increase the accuracy and security of the identity
recognition system. Moreover, a database provided by 70
different writers was used to train and evaluate the
system.

Considering the results, the advantage of the
proposed algorithm is as follows:

1- Using a combination of edge direction
distribution and edge axis distribution features
at the feature extraction stage.

2- The autonomy of the proposed identity
recognition system, particularly at the feature

extraction stage (since, manual feature
extraction is overwhelming and time-
consuming).

3- Increasing the accuracy and credibility of the
identity recognition system due to using the
chain network at the training stage.

4- Eliminating the need for the segmentation stage
at the feature extraction stage.

Since the writer identity recognition problem is
performed for the first time using Persian handwritten
texts with the proposed feature extraction method, the
results of this paper are promising. Moreover, the
proposed features are global features and the results can
be improved by extracting and combining different
features.
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Abstract

Handwriting analysis is useful for understanding the
personality characteristics through the patterns created by
the handwriting and can reveal features such as mental and
emotional instability. On the other hand, it is difficult to
determine the personality, especially when it is associated
with the law because there is no threshold or scale being
able to make detailed results of the analysis. This thesis aims
to provide an automated solution to recognize the
personality of the author by combining image processing
and pattern recognition techniques. The personality
recognition system proposed in this project is composed of
two main parts: training and testing. In the training part,
after feature extraction from all image patterns of the input
text, a proportional output is created through the MMPI
personality test. Then these inputs are trained to the neural
network as a pattern. As a result of this training, a
comprehensive database will be formed. In the testing part,
the database is used as a main comparison reference. After
feature extraction, the input text image is compared with all
patterns in the database to find the closest image to the input
text image. Finally, the MMPI personality test output for the
proposed text image is introduced as the output personality
parameters.

Keywords: handwriting recognition, neural network,
MMPI personality test, graphology

1. Introduction

Handwriting analysis is an act that has been
performed for many years. However, when we analyze
the behavior and personality of an individual, its
effects are still discussable. Each of these neural brain
patterns lead to a unique neural and muscular
movement for an individual; therefore, this small
subconscious movement occurs for each person, who
has a certain personality feature while writing. the
problem of recognizing the writer's personality from
his handwritten texts aims to specify the personality of
the writer given a handwritten text, which of course
this personality elicitation is performed based on
samples of different individuals® handwritings.
Professional handwriting researchers investigate and
analyze the sample handwriting.

31

Writing can indicate personality features like
feelings, fear, honesty, etc. identifying the personality
of a human being by his handwriting is an old
technique. Before, the nature of an individual was
predicted manually, which took a long time.
Recognizing a writer's personality from his
handwriting has recently become a considerable and
interesting subject in psychology.

2. Previous Works

This section discusses a number of feature extraction
methods from Persian and Arabic alphabets, words, and
handwritten texts.
Reference [1] reviews identity recognition methods from
handwriting and graphology. Moreover, a review of
handwriting analysis computer systems in the market is
presented and compared for better understanding.
Reference [2] points out and uses salient and important
features of using handwriting in graphology analysis,
including curves and figures in paper margins, line
spaces, line tilts, word tilts, sharpness of edges, character
sizes, text density, writing speed, and order point. This
paper proposed some methods for the first time.
Moreover, for automatic feature extraction from Persian
handwritten texts, 24 training samples and 118 test
samples are used for the experiments.
Reference [3] considers 6 different feature types for
computerizing handwritten graphology: 1- character
sizes, 2- word tilts, 3- baseline, 4- pen pressure, 5- space
between characters, and 6-space between words in the
document that is used to recognize the writer's
personality.
Reference [4] claims that potential behavioral and
personal deviations of an individual are possible by
analyzing his handwriting. In this paper, two methods
are proposed for handwriting analysis:

1- Graphology that is a psychological analysis

method.

2- Graphology that is used to identify the writer.
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Reference [5] discusses the effect of brain neural
patterns on micro-movements of the muscles, such that
because of these micro-movements, personal parameters
are emerged in human daily behaviors like writing a
text. All hits, patterns, and the pressure that is applied
when writing a word can express personal behaviors of
an individual. In this reference, features like the tilt of
the baseline, pen pressure, tilt and size of characters are
used to extract the personal parameters of an individual.
This reference used the linear regression method at the
classification stage.

Reference [6] extracts personal parameters like extrinsic
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1- Reducing noise
2- Contour smoothing

3- Storing information that should be protected
(thinning)

Activate binarizing for facilitating working with edit,
ruler, and paragraph markers. By activating “Ruler” in
the “View" section, you can see the settings of specific
distances, columns, and margins. In order to find the
undesired parts of paragraphs, like spaces between
alphabets, pages, and lines, specific spaces, and chapter

. . headers, activate paragraph markers in the

emotions, fear, trustworthiness, etc. from the graphology “p » paragrap M

- - . . aragraph” toolset.
of handwriting. Professional handwriting tests, which
are called graphology, are mostly recognized by part of
the handwritten text. The handwriting analysis accuracy oo N

. . | Image of the

depends on the skills of the expert. In this paper, a ! handwritten |
method was proposed to investigate the personality | ’,
based on features like baseline, pen pressure, and 1
character t in a separate handwritten text. These Pre-processing
parameters and features are defined as the input of a ,m——————-

I .
—» Classification gy Personality

neural network, whose output is the personal behavior of ¢
1 Recognition

the writer. The performance of this system is measured Segmentation

by different experiments.

Reference [7] uses computers to accelerate the image
processing of Persian handwritten texts. More
specifically, important features are extracted from the
handwritten text to understand the psychological state of
the writer. In order to do so, features like boldness,
compression, and two word space measures are
achieved. The tilt angle of the text is then obtained and
after removing it, the main points corresponding to the
right, left, and up margins, as well as the shape of the
margins are achieved. Finally, the line vibration is
obtained. Extracted features are divided into four
groups, which are sent to three fuzzy systems and a non-
fuzzy system to recognize the personality of the writer.

3. General Principles of Personality
Recognition System from Persian
Handwritten Texts

Figure 1 presents the block diagram of a personality
recognition system from the handwritten texts. The
innovative methods in personality recognition from
handwritten texts are ensued by changes in running one
or several blocks of the following diagram. The general
name of the system is in fact changed to the block
performance. For instance, recognizing personality from
handwritten texts based on neural networks is in the
classification section.

3.1. Pre-Processing

All operations performed on texts, which facilitate the
process of following phases, e.g. removing noise,
smoothing, thinning, language recognition, word fonts,
etc. the set of these processes have the following goals

(8]:
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Feature 1
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Figure 1. The block diagram of a personality recognition system

information

———

3.2 Segmentation (Separation)

The segmentation stage is very important for feature
extraction, and calculating the sizes of characters and
words in personality recognition systems from
handwritten texts [9].

3.3 Feature Extraction

Feature extraction aim is to reduce data to a set of
features, such that they are constant in the handwritten
texts of a certain individual and independent of the other
person's handwriting.

3.3.1 Text Independent Features

Independent text features include the margin value
from the beginning of the page, word expansion,
characters sizes, line spaces, word spaces, word tilts,
horizontal to vertical ratio of characters, and lie tilts.

3.3.2 High-Order Local Autocorrelation as a Text
Dependent Feature

Autocorrelation is one of the most well0-known
functions insensitive to shift [10]. In what follows, a
special type of autocorrelation is introduced:

Autocorrelation function is known as a shift
insensitive function. The N-th order autocorrelation
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function is defined by N location
changes(a,, a,, as, ..., ay), from reference point r as
equation (1).

xN(ay,ay,a3, ..., ay) = f I(MI(r + ay) . 1(r + ay)dr

1)

Where, I(r) is the text image and r = z = (log(p) , P).
There are many autocorrelation functions, which are
resulted from different combinations of location changes
on the text image. Figure 3 presents different masks with
location change patterns obtained by the autocorrelation
function. In this research, the number of location changes
is reduced by removing location changes that are equal
due to the same shift. In other words, the value of N is
limited to 3 (N= 0, 1, 2, 3). Moreover, the ratio of
location changes and displacements are limited in a 3 x
3 position window [10]. In order to obtain the values of
HLAC, the text image is first scanned by 70 local 3 x 3
masks. The sum of the multiplication of corresponding
pixels® values by one (pixels of black mask) is then
computed for each mask [11]. This method is known as
HLAC feature (figure 2).
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Figure (2). 70 masks with different patterns to extract HLAC [8].

34 Feature  Vector and Generalized

Discriminant Analysis (GDA)

In the proposed personality recognition system, when
the number of training patters is greatly increased, the
resolution of HLAC is reduced, which causes class
interference. In this research, generalized discriminant
analysis (GDA) is used to increase the space and
resolution of different classes [12]. GDA is resulted from
the non-linear extension of the linear discriminant
analysis and it is successfully used for many applications.
This method can be used to overcome classification
problems. GDA helps us to combine features and
increase the resolution of the classes.
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3.5 Classification and Recognition (With One or
Several Classifiers)

This stage includes methods to map each pattern
extracted from the feature extraction stage with one of
the classes of the corresponding pattern space. This is
performed through minimizing the feature vector of each
input pattern in proportion to one of the reference
vectors. Reference vectors are vectors that are derived
from the training samples a priori. The proposed
techniques for this stage can be searched in one of the
general pattern recognition discussion groups [12]:

- Pattern matching
- Statistical techniques
- Neural networks

The three groups above are not necessary performed
separately and they may be found among the techniques
of other groups.

Text image
Eroprocessing MMPI test
Text independ features
g——————

/. Ratio of vertical to horizontal

Extracting
Personality

Parameters

Text Image Writer

Character sizes

The margin of the first
page

Word tilt

Line Space

Word Space

Word extension

‘\b Line tilt

—_—

Text dependent features

‘P HLAC Feature “_, GDA

Figure 3(a). the block diagram of the personality
recognition Training system

4. The Structure of the Handwriting
Personality Recognition System

The proposed personality recognition system consists
of two main training and test sections (figure 3). In the
training section, after extracting features from all
patterns of the input text image, the corresponding
output is created using a MMPI personality test [13].
These input-outputs are then trained as a pattern in a
neural network and finally, a comprehensive database is
created as a result of training.
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In the test section, this database is used as the main
comparison reference. At this stage, after feature
extraction, the input text image is compared with all
patterns in the database to find the closest image. Finally,
the output of the MMPI personality test corresponding to

the selected text image is introduced as output personality

parameters.
Pre-processing
Ratio of vertical to horizontal
Ch Sizes

Margin from the first

Datak Creation

Personality
parameter
estimation

Line Space

Word Space

Word

Line tilt

features

Text Independent features

HLAC Feature GDA Feature

Figure (3b). the block diagram of the personality
recognition Test system

5. Experimental Conditions and Database
Type

In order to evaluate the proposed method, 70
individuals with different educations, ages, and genders
were asked to fill the designed forms with their ordinary
handwriting. These individuals were selected from
ordinary people (college students, employees, etc.). Table
(1) presents the characteristics of these individuals,
including gender, education, and age.

Table 1. The characteristics of the individuals who filled the

database's forms
Gender Education Age
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In order to perform the experiments and evaluations,
these individuals were asked to write a constant text in one
paragraph, which contained various words.

Subsequently, each writer took the MMPI personality
test, which was designed in 1940s by two researchers of
the University of Minnesota, United States. This
personality test consists of 71 fundamental questions and
the writer should select from true or false options. Finally,
a score is given to the test that is in fact the character
profile based on eleven clinical scales. These results are
stored together with the ID that is assigned to each writer
before writing the corresponding paragraphs.

The following points are considered when filling the
forms:

- There is no limitation regarding the handwriting
type. The collected samples include various
handwritings. Of course, in some cases of
writings filled by female individuals, the
handwritings are very similar.

- The individuals were asked to fill the forms in a
specific time duration and write using their
ordinary handwriting without trying to alter or
improve it.

- The forms do not have lines and only the
paragraph area is specified.

Since the handwriting of each individual is changed by
his/her mental and environmental conditions, the subjects
were asked to fill the forms with patience and tranquility.
After collecting the forms, they were all scanned as gray-
scale images in 300dpi resolution.

6. The Environment of the Simulated
Software

In this dissertation, all simulation are performed using
MATLAB 2013a and in some cases, Matlab instructions
are used to transform gray-scale images into binary ones
and label groups. Moreover, DRTools! toolbox is used to
apply the GDA algorithm, whose reception and route
should be separately defined in the Matlab toolbox.

7. Results of the Proposed Algorithm

In this section, the output of the proposed personality
recognition system is compared with those of MMPI test
(i.e. the 11 scales of the MMPI test). Figure 4 presents the
HLAC feature before and after using the GDA algorithm:

" Dimensionality Reduction
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Figure 4. The extracted features for 53 handwritings without using GDA
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In figure 4, the horizontal axis represents the number of
handwritings and the vertical axis shows the value of the
extracted feature. As we can see in the figure, after
applying GDA, the resolution is considerably increased. In
these experiments, from the total 70 samples, 50 were
selected for training and the rest was used for tests. This
comparison is performed for different training conditions,
including the main parameter of the MLP neural network,
e.g. the number of neurons in the middle and input layers,
training duration, etc. table 2 presents the results of this
comparison.

As we can see, the highest recognition rate is resulted
when the number of neurons in the input layer is 18 and
the number of neurons in the hidden layer is 10. Results of
the neural network are presented in figure 5.

Table 2. Comparison of the results for different neural network training conditions

The average personality
recognition rate in comparison Trainin .
g duration - Number of neurons Number of neurons
LGRS (seconds) TS B TS in the hidden layer in the input layer
Test Training
46% 69% 500 70 5 10
59% 2% 500 70 7 15
61% 76% 700 70 10 18
52% 74% 1100 70 15 20
57% 71% 2000 70 19 25
As we can see, the highest recognition rate is resulted In this table, the input feature vector of the
when the number of neurons in the input layer is 18 and personality recognition system only consists of one
the number of neurons in the hidden layer is 10. Results feature extraction method mentioned in each row. The
of the neural network are presented in figure 5. same feature vector is used to estimate the clinical and
validity scales of the neural network. Therefore,
Test: R=0.61204 Vakiadions ReG G according to the recognition rate of the personality
" 2 recognition system in each row, we can find the effect of
2 | ol I the feature extraction method on estimating the clinical
:g 3., e W ol and validity scales parameters.
= 2 o Q0 fe)
e o o® = B8oo According to table 3, we can find some important
b4 b8 oongc’i points. The sum of the values in each row of table 3 and
1 1€ §8§ 08@80 normalizing it, shows the effect of each feature extraction
f;é é g @‘0880 stage on the final output of the personality recognition
o ® *foe% system.
0
’ ’ Targ;f * : 5 Targ;to . As we can see, the HLAC feature has the highest
Figure 5. (a) Regression of the validation data (b) regression of test data effect (29.08%) and the ratio of vertical to horizontal
words has the lowest effect (8.56%) on the accuracy of
the propose system’s output. Moreover, the sum of the
Figure (5a) presents the regression of validation data values of each column in table 3, whose results are
and figure (5b) presents the regression of the test data. presented in figure 6, shows the average estimated scales
Moreover, table 3 is presented to show the role of each for each test of the proposed personality recognition
feature extraction stage in improving the final output of system.
the personality recognition system.
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Table 3: The role of each feature extraction stage in improving the
final output of the personality recognition system

Feature
— » @ c
Ss| & 2 | 8 |38 ¢ g
=i} = - ) = a 7] =]
C e 7} = o [} < 2 = =
L o —_ =1 © © S % 5 = <
o2 & B 2| 5|22 % = £
S 5 2 S @ T |BS| @ £ 8}
e€| 5| = | £ | s |5e|l8|=|3
< 8 = - g s o =
Scale o =
L 5% 6.5% 6.8% 8.5% 4.5% 3.1% 6.4% 6.5% 17.3%
K 4.5% 5.8% 6.2% 7.6% 5.1% 3.8% 5.6% 6.7% 16.8%
F 4.8% 6.1% 5.6% 6.4% 3.1% 4.2% 6.1% 5.9% 16.2%
Ma 51% 5.4% 5.9% 6.8% 4.7% 45% | 4.9% 6.1% 17.5%
Sc 5.7% 4.6% 6.1% 5.2% 3.4% 4.1% 5.7% 5.3% 16.5%
Pt 6.1% 6.8% 6.4% 7.5% 4.6% 3.2% | 4.9% 5.6% 16.4%
Pa 4.7% 5% 5.2% 6.9% 4.5% 4.5% 5.2% 6% 16.4%
Pd 4.2% 5.3% 5.5% 7.2% 5.1% 4.3% 5.8% 6.5% 17.1%
Hy 5.8% 4.9% 6.4% 6.9% 5.7% 35% | 45% 5.9% 17.6%
D 5% 5% 5% 5% 5.1% 49% | 46% 5.6% 16.5%
Hs 5.7% 3.4% 5.9% 6.3% 4.4% 5.4% 5.4% 5.8% 17.4%

In this figure, the clinical scale Hs has the highest
value (64.60%) and the clinical scale Pa has the lowest
estimation value (56.6%).

70

65

60

55 4

50 -
Pa

K Sc Hy L Pd Ma F

Pt

D Hs

Figure 6. The average estimated scales for each test

Finally, the result of the proposed algorithm is
compared with conventional methods using one database
and table 4 presents the results.

Table 4. Evaluation of the proposed algorithm

Test Efficiency measure

13% 20% K-Means

46% 58% Fuzzy C means
61% 76% Proposed method

8. Conclusions

This research employs a personality recognition
which automatically extracts the character
parameters from Persian handwritten texts. Well as due

system
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to the use of valid personality test (MMPI) in the training
system, the extracted personality parameters on the test
step was pretty standard, in result the proposed method
has superior finality to other methods. The proposed
system create feature vector using HLAC independent
feature, context features such as value of margin from the
top, word extraction, character sizes, line space, word
space, word tilts, horizontal to vertical ratio of characters,
and lie tilts. The MLP neural network is used for
classification; Such that the output of this network will be
the parameters of the author characters. Training and
evaluation prepared for the database system is used by 70
different writers.

considering the results, the advantage of the proposed
algorithm is as follows:

1- Using dependent and Independent features of text
in the process of feature extraction.

2- The proposed personality recognition system is
automated, particularly in the process of feature
extraction (None automated systems are very
unendurable and time-consuming)

3- Enhance accuracy and reliability of the personality
recognition system due to the use of MMPI test on
training step

4- No need to segmentation on feature extraction
phase

5- Using GDA to increase the space between classes
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