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EDITORIAL

In this fourth edition of 2010, we bring forward issues from various dynamic computer science
areas ranging from system performance, computer vision, artificial intelligence, ontologies,
software engineering, multimedia, pattern recognition, information retrieval, databases, security
and networking among others.

Considering the growing interest of academics worldwide to publish in 1JCSI, we invite
universities and institutions to partner with us to further encourage open-access publications.

As always we thank all our reviewers for providing constructive comments on papers sent to
them for review. This helps enormously in improving the quality of papers published in this
issue.

Apart from availability of the full-texts from the journal website, all published papers are
deposited in open-access repositories to make access easier and ensure continuous availability of
its proceedings.

We are pleased to present 1JCSI Volume 7, Issue 4, July 2010, split in nine numbers (1IJCSI Vol.
7, Issue 4, No. 9). Out of the 179 paper submissions, 57 papers were retained for publication.
The acceptance rate for this issue is 31.84%.

We wish you a happy reading!

1JCSI Editorial Board
July 2010 Issue

ISSN (Print): 1694-0814
ISSN (Online): 1694-0784
© 1JCSI Publications
www.1JCSI.org
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Relationship between Students’ Overall Satisfaction from 3D
Virtual Learning Spaces and their Individual Design
Components

Noha Saleeb® and Georgios Dafoulas?

12 5chool of Engineering and Information Sciences, Middlesex University
London, UK

Abstract
3D virtual worlds, such as S econd Life, are increasingly being
used for delivering e-learning for di fferent genres of students. As
part of an ongoing research to ev  aluate different digital design
aspects of us ing thes e em ergent virtual learning environments,
the aim of this paper is to investigate whether the overall
satisfaction of s tudents from their 3D learning s paces is
dependent on their satisfaction and contentm ent from s pecific
individual architectural elem  entsus ed to design these
educational spaces and buildings . This is depicted through
investigating the correlation between students’ satisfaction from
individual s pace des ign elem ents and overall satisfaction from
diverse e-learning venues within Second Life. Furthermore this
study contrasts the difference in response rates between different
student categories to the perception of suitability of educational
space design for conducting e-learning sessions.
Keywords: 3D virtual worlds, virtual learning environments, e-
learning spaces in Second Life, 3D architectural design for
educational facilities.

1. Introduction

3D online virtual worlds have been progressively utilized
over the past decade as 3D virtual learning environm ents
(3D VLEs) by hundreds of uni  versities and educational
facilities for a v ariety of e-learning purposes within many
fields including computer sci ence, m edicine,l aw,
engineering, architecture, b usiness, art, h umanities an d
many more [1]. Th isex istence h asn ecessitated th e
erectiono fv irtual cam puses fo ru niversitiesan d
educational institutions inside these environments such as
Active W orlds, B lue M ars, OS Grid, and the more
prominently used Second Life [2]. W hile desi gners and
builders have strived to erect assorted styles of bui ldings
inside 3D VLEs to accom modate students in realistic,
creative an d im aginative co nstructions, th ereis no
evidence in prior research t hat pinpoints presence of any
architectural codes or speci  fications for desi gning 3D
virtual educational spaces [3]. These are design codes and
guidelines that should be i ncorporated i n current vi rtual

creations to provi det he opt imum envi ronment for
enhancing a st udent’s e-l earning experience through
increased satisfaction, p articipation, reten tion, en joyment
etc. [4]. On the co ntrary, 3 D ed ucational facilities are
currently being created on an extem porized basis
according to individual perception and experience of each
individual vi rtual worl d desi gner from desi gning i n t he
“real-life” physical world [5]. This contradicts vi ews by
Bridges & Charitos [5] which state th at v irtual building
design should not imitate physical building design to detail
since virtual usability criteria o f 3 D buildings in general
can d iffer to u sability criteria req uired in th e p hysical
world [6].

It hence becomes imperative to investigate the effect of the
architectural design elements of exi sting 3D vi rtual
educational facilities o n the students using them and their
e-learning experiences in an attem  pt to find them  ost
suitable design criteria for future usage. This would entail,
as part of the process, exam ining the  satisfaction
percentage levels of students from a range of 3D | earning
spaces that contain different  variations of architectural
components or features.

2. Research Rationale and Methods

As part of an ongoing research t o uncover t he effect of
different archi tectural desi gn el ements of 3D virtual
learning spaces on a student’s  e-learning experience, a
study was conduct ed t o record the satisfaction level of
students from different variations of speci fic architectural
features in selected learning spaces.

Eleven university cam pus buildings and learning spaces
were selected within Second Life (as a represent ative of a
3D VLE) for part icipant students to take short e-learning
sessions inside. These spaces re presented eleven different
variations of each of ei ght specifically identified
architectural characteristic s for desi gning 3D vi rtual
buildings. The chosen characteristics were:
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e Building style (e.g. modern, classical)

e Area shape, di mensions & hei ght (e.g. rectangular,
circular, dimensions ratio)

e Environmental surroundi ng el ements (e.g. greenery ,
mountain, sea)

e Seating arrangement (e.g. linear , circular rows)

e Wall design (e.g. wood, st ucco, light and dark col or
finishing)

e Floor design (e.g. marble, carpeting)

e Window design (e.g. bow, gliding windows)

e Interior lighting & open wal Is percentage (e.g. 50%
open walls, 20% open ceiling)

The above mentioned charact eristics were speci fically

chosen because: i) they have  been shown to have an

impact on student learning in real life physical educational

buildings e.g. effect of class size on discipline [7], effect

of classroom colors on concentration and performance [8].

This is unlike other features, the impact of which has not

been tested on students in the physical world e.g. effect of

different column and arch st yles. ii) The previous design

features and components were also chosen since they exist

in 3D vi rtual envi ronments unl ike ot her bui lding desi gn

criteria [9] like for ex ample, v entilation an d aco ustics

control.

The part icipating sam ple of st udents fort he study

consisted of 65 under graduat e and post graduate students

from the School of Engineering and Information Sciences

atM iddlesex Uni versity, sel ected randomly and

consenting to part ake i n t he st udy aft er expl aining t he

purpose of the research to them.

After engaging the students shortly in each of the

previously mentioned 11 “i nworld” sites in Second Li fe,

the students were asked to answer the following questions

using a seven degree Li kert-scale (strongly agree, agree,

partially agree, neutral, part ially di sagree, di sagree, and

strongly agree) t o depict their degree of satisfaction from

individual design co mponents in each site and overall

satisfaction from it:

1. This learning space has an  attractive building style
(e.g. modern, classic, baroque)

2. This learning space has attractive
greenery, lighting, water features)

3. This learning space provides a suitable seating
arrangement (e.g. circular, rows, random, suspended in
space)

4. This learning space provides a pleasant wall
aesthetic/design (e.g. colors, texture)

5. This learning space offers a pleasant floor
aesthetic/design (e.g. colors, materials)

6. This learning space provides pleasant window
aesthetic/design (e.g. shapes, sizes)

surroundings (e.g.

7. This learning space provide s sufficient lighting and
open walls to the outdoors (percentage area of open t o
closed walls, windows and ceiling in the space)

8. This learning space offers comfortable dim ensions,
shape and size for an educational en vironment (wid th
to length to height area ratio)

9. This learning space offers a learning environment that
you would like to have classes in.

The last question was used as a benchm ark or poi nt of
reference to find the overa 1l average contentm ent of
students from each site as a whole.

The resulting num bers for each question were then
multiplied by a factor (weight), described hereafter, and an
average satisfaction rate was found for each site, for each
category of students (under graduate and post graduate), to
give an overall percent age of sat isfaction for every 3D
virtual architecture design feature represented by that site.
For each site in every ~ question, the percentage overall
satisfaction from each design elem ent in that site was
calculated according to equation (1) below:

((no. of strongly agree votes * 100%) +
(no. of agree votes * 66%) +
(no. of partially agree votes * 33%) +
(no. of neutral votes * 0%) +
(no. of partially disagree votes * -33%) +
(no. of disagree votes * -66%) +

(no. of strongly disagree * -100%,) )

/ Total number of participants * 100 D

The positive factors used in the equation above designate

student sat isfaction, whi Ist negat ive fact orssi gnify

displeasure with the design element, where 100% denotes
maximum satisfaction (“strongly agree”), 0% m eans
indifference or “neutral” effect and -100% denot es t otal

discontentment (strongly disagree). The 66%, 33%, -33%

and -66% wei ghts represent the even di stribution of the

other Li kert scal e val ues i n bet ween 100% and -100%

based on i mportance. A si milar dat a anal ysis t echnique

was implemented by Chan et al. [10].

Diagrams illu strating th e d ifferent findings were created

accordingly, as demonstrated in the subsequent sections,

to show the following:

e Percentage sat isfaction scores  for undergraduate
students versus post gra  duate students from each
architectural element in all presented sites.

e Analogy between average overall satisfaction of all
students from each presented s ite versus all students’
average satisfaction from each individually tested
design component in each site.

e Correlation co efficient b etween o verall satisfaction
rate from each site and average satisfaction rate from

1JCSI
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each individual tested architectural element in that site.
The correlation coefficient was calculated according to
the following equation (2) [11]:

( NExY- (=) =)/

Sart (INSX: - (£X7] [NEY - (50°) ) &)

where

N = Number of values or elements

2XY = Sum of the product of fi rst and second set of
values

2X =Sumo ffirstseto f values (overall satisfaction
value)

2Y = Sum of second set of val ues (individual el ement
satisfaction value)

2X2 = Sum of square of first set of values

2Y2 = Sum of square of second set of values

3. Results

While the diagrams in the consequent sections show, as
part of the findings, which variations of each design
element were the most favorable by students or provi ded
most  satisfaction, t hese part icular fi ndings were
elaborately described by the authors previously [12] and
thus are not the main issue here. The main fo cus within
this paper is to analogize

e The rates of response provi ded by under graduat e
students compared t o post graduat e st udents, i nt he
first section of the results

e Theillu strated relatio nshipb etweenth eo verall
satisfaction of st udents from a 3D virtual learning
space in general and satisfaction  from its individual
design charact eristics, i nt he second section of the
results.

e The correlation coefficients between overall
satisfaction of students fro m a 3D learning space and
satisfaction from each individua lly tested architectural
feature within this space.

3.1 Analogy between Satisfaction Rates of Under-

Graduate and Post-Graduate Students

The subsequent Figures 1 and 2 illustrate the percentage
satisfaction of under graduat e and post graduate students
from the learning space shape and dim ensions, building
style, envi ronmental feat ures, seat ing arrangem ent, wall,
floor, window design, and internal lighting as provided by
percentage of open walls.
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Fig. 1 Percentage satisfaction of under graduate and post graduate

students from selected architectural design elements in different 3D

virtual learning spaces: i) area shape & height ii) building style iii)
environmental features iv) seating arrangement
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Fig. 2 Percentage satisfaction of under graduate and post graduate
students from selected architectural design elements in different 3D
virtual learning spaces: i) wall design ii) floor design iii) window design
iv) interior lighting and open walls

General findings from the figures above provide evidence

for the ensuing results:

o  While there are distinct variations between satisfaction
rates of under graduate and post graduate students,
the former illustrations show that both groups were
always in agreement only over the most preferred

variation of each architectural design component
tested within this study.

For example results of bot h student categories are al most

identical for the m ost preferred building style, i.e. modern

and post -modern st yle. They bot h al so showed a high
affection towards presence  of lan dscaped p atios with
water el ementsi nt he surroundi ngenvi ronment and
furthermore, underwater them es. In addition, all students
expressed m ost cont entment and com fort wi th semi
circular and curved seating arrangements. Even more, the
most preferred shape and di mensions of space by both
under graduates and post graduates was | arge circular or
rectangular spaces. As for wa 1l and floor design, again
results were extrem ely sim ilar for highest preferences
which tended towards light, col ored and wood fi nishing.

Bow panel ed wi ndows were al so hi ghly i n favor and

presence of approxim ately 50% of the surface wall and

roof area of the space open for interior lighting.

o Another significant while unexpected finding from the
previous figures was the fact that satisfaction of under
graduate students from all variations of all design
elements in general was almost always less than the
satisfaction displayed by the post graduate students for
the same variations of the architectural design features.

This was especially eviden twith th eleastp referred

variations of each design elem ent. On calculating average

percentage sat isfaction, of under graduat  es and post
graduates, from each architect ural design feature for all
sites com bined, i t was seent hat al I resul ts for under
graduates are si  gnificantly 1 esst hant hose for post
graduates, as presented by the table below:

Table 1: Overall percentage satisfaction of students from each design
feature for all tested sites combined

under post

architectural design feature graduate | graduate

students | students
building style 11 38
space shape & dimensions 3 29
environmental features 5 38
seating arrangement 1 28
wall design 1 34
floor design 7 30
window design 13 28
internal lighting, open walls 5 27

Implications of t he above fi ndings are t o be di scussed in
the subsequent conclusions section.
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3.2 Analogy between Average Satisfaction  Rates
from 3D Virtual Learning Spaces in General and per
Architectural Design Element

Another area of focus wi thin this paper i s represented by
the following Fi gures 3 and 4. Each di agram depicts a
comparison between twom  easures: i) the average
satisfaction of both student categories from each virtual
site in general and ii) their combined satisfaction from one
of the eight individual design elements tested for in those
sites.
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Fig. 3 Percentage satisfaction of all students combined from each 3D
virtual learning space in general versus their combined satisfaction from
i) space shape, area & height ii) building style iii) environmental features
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Fig. 4 Percentage satisfaction of all students combined from each 3D
virtual learning space in general versus their combined satisfaction from
1) seating arrangement ii) wall design iii) floor design iv) space window

design v) interior lighting and percentage of open walls

The former figures 3 and 4 offer si  gnificant fi ndings
regarding the relationship between the overall satisfaction

&
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of a student from a 3D virt ual learning space and his/her
satisfaction from each indivi dual architectural design
component in that learning space. It can be clearly
deduced that there is a striking similarity in the values and
slope gradients between the overall and individual-element
satisfaction percent ages. Thi si ndicatest hat general
satisfaction from a 3D educational space is highly
dependent ont he archi tectural characteristics used to
design this space and satisfaction from them . This
hypothesis is especially supported with the fact thatitis
applicable for all eight tested architectural design elements
within th is stu dy, wh ere th e reco rded o verall percentage
satisfaction of students from any given site is very similar
to t he percent age sat isfaction from any gi ven desi gn
element within that site. To further elucidate this finding
and detect if there is a sta tistical association between the
aforementioned factors, a correlation coefficient was
calculated between the percen tage satisfaction from each
individual design component in every site, and the overall
satisfaction from that site.

3.3 Correlation between Overall Satisfaction and
Satisfaction from Individual Design Features of 3D
Virtual Learning Spaces

0.00 0.20 0.40 0.60 0.80 1.00

AVERAGE satisfaction
building styles
AVERAGE satisfaction seating
arrangement
AVERAGE satisfaction
area/height
AVERAGE satisfaction wall
design
AVERAGE satisfaction
attractive surroundings
AVERAGE satisfaction
window design
AVERAGE satisfaction floor
design
AVERAGE satisfaction
Interior Lighting / Open Walls

0.0- 0.3 weak correlation
0.3-0.7 moderate correlation

0.7 - 1.0 strong correlation

Fig. 4 Correlation coefficient between students’ satisfaction from each
design element and overall satisfaction from 3D virtual learning spaces

The correlation coefficient is a statistic that represents how
closely two variables are rel ated, t hus expressi ngt he
amount of si milarity and dependence bet ween them. It is
represented by a num ber t hat varies between -1.00 and
+1.00 thus quantifying the strength of a 1 inear association
between t he t wo vari ables’ range of inputs and outputs

[13]. The two variables under inspection within this study
are i) overall satisfaction from a 3D virtual learning space
ii) satisfaction from an individual design component used
in a 3Dvi rtuall earning envi ronment. C orrelation
coefficients between 0.00 and 0.30si  gnify a weak
relationship; those bet ween 0.30 and 0.701  ndicate a
moderate rel ationship and coeffi cients bet ween 0.70 and
1.00 are considered high [11].

Figure 4 noticeably dem onstrates that there is a high
correlation or relationship between general satisfaction of
a student from a 3D learni ng space and the satisfaction
from individual design components of that space. The
architectural desi gn characteristics found t o have hi ghest
association and hence m  ost connect ion wi th overal 1
satisfaction from a virtual learning space are the building
style o f th e ed ucational facility, th e seatin g arrangement
employed within the space  and satisfaction from space
shape and dimension ratios. Next in im pact are the wall,
floor, window designs and how at tractive the surrounding
environmental feat ures are. However, unpredictably, the
student contentment from the amount of i nterior lighting,
represented by t he percent age of open wal 1s & cei ling
surface area in the space, seem s to have least im pact on
the overall satisfaction of st udents from t heir | earning
spaces. Despite that, the corre lation coefficient for this
design element is still moderate and thus considerable.

4. Conclusions

This paper ai med at identifying relationships between
percentage satisfaction and cont entment of di  fferent
categories of st ~ udents, and correlations  between
satisfaction from overall 3D virtual learning spaces and
their i ndividual desi gn feat ures. Recognized findings
within this study have the following implications:

Only the best perceived vari ation from each architectural
design feature of a 3D vi rtual site was demonstrated to be
identical for bot h under graduat e and post  graduate
students. This unanimous percept ion can hel p creat e
generalized guidelines for desi gn and enhancem ent of
educational facilities in 3D virtual learning environments.
These guidelines, whi cht ake i nto consi deration best
practices for enrichm ent of a student’s online e-1 earning
experience, are current ly non-exi stentas form erly
evidenced from literature, and thus it becomes imperative
to initiate such a framework of educational facility design.
Another si gnificant concl usion uncovered wi thint he
current study shows that overall satisfaction rates provided
by under graduate students are generally lower than those
displayed by post graduat e st udents for any given 3D
virtual site or i ts individual design components. This can
be attributed to two facts: i) under graduat e students may
be novice to using 3D worl ds as an educational medium
compared t o post graduat e st udents, and t hus are m ore
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unfamiliar with their 3 D v irtual p resence in side v irtual
learning spaces hence renderi ng them skeptical and less
accepting or satisfied with th e e-learning experience, its
venue and design characteristics i fnot resem bling t he
physical world classroom which they are accustomed to. ii)
On t he cont rary, undergraduat e st udents m ay bet oo
exposed to game playing within 3D vi rtual worlds to the
extent of comparingt heir e-]1 earning venuet ot he
stimulating, constantly changing gaming environment they
are used t o. Thi s woul d consequently negatively affect
their perceived satisfaction from the 3D learning spaces
used in this study. iii) In contrast, post graduate students
may be more flexible in accepting new ideas and new
environments, hence woul d show m ore satisfaction from
their 3D virtual learni ng spaces and their design
characteristics than under graduate students.

An ad ditional co nclusion attain ed with inth isstu dy
concerns establishing arel ationship and correl  ation
between overall contentment of students from a 3D virtual
e-learning site in general, an d satisfactio n fro m its
individual desi gn feat ures. Si nce a high correlation
coefficient was found for all design features considered in
this st udy, t his i ndicates t hat a st udent’s pleasure and
satisfaction from an educational space is highly dependent
and rel iantoni ts archi tectural design characteristics,
especially seven out of eight of the selected characteristics,
namely th e building style o fthe educational facility, th e
seating arrangem ent em ployed within the space,  space
shape and dimension ratios, wal 1, floor, window designs
and surrounding environmental features . Internal lighting
denoted by the percentage of open walls & ceiling surface
area in the space was also f ound to have an im pact on
overall satisfaction from 3D learning spaces, but at a lower
level. Thi sconcl usionassert st he choice of the
architectural design elements selected within this study for
testing.
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Abstract

Relative location information is an important aspect in
vehicular Ad hoc networks .It helps to build vehicle topology
maps, also provides location information of nearby vehicles.
Due to the ch aracteristics of VANet, the ex isting rel ative
positioning te chniques de veloped initially fo r Ad hoc or
sensors net works are not directly ap plicable to veh icular
networks.
In this paper, we propose a protocol of localization in VANet
when no GPS information is available, based on clustering and
has the advantage to use a single coordinates system. We study
its impact on the p erformances of the network, by using the
network simulator NS-2.
Keywords: VANets, Localization, Trilateration, clustering.

1. Introduction

Vehicular Ad hoc Network (VANets), considered as a
subclass o f m obile A d Hoc networks (MANets), is a
promising approach for future Intelligent Transportation
System (I TS). These ne tworks a re ¢ haracterized b y
highly mobile nodes and potentially large network. The
nodes can recharge fre quently, they are constrained by
the road and traffic pattern.

Many researchers consider Vehicular Ad hoc NETworks
as one of the most important technologies for improving
the ef ficiency a nd safety of m odern tra nsportation
systems, by enabling vehicles to communicate with each
other via Inter-Vehicle Communication (IVC) as well as
with roa dside base stations v ia R oad side-to-Vehicle
Communication (RVC) [1].

A plethora of applications have emerged in this domain.
For example, v ehicles can inform that t herei s traffic
accident or co ngestion to the nearby vehicles to avoid
traffic j am near the aff ected ar eas. Also, it enables
vehicles to connect by Internet to obtain real time news,
traffic and weather reports.

VANET also gives the enormous opportunities in online
vehicle e ntertainments like ga ming, chatting,
multimedia streaming and file sharing via the Internet or
the local ad hoc networks.

One of the most promising vehicular safety applications
is the development of an advanced cooperative collision
warning system [2]. It is envisioned that the system will
use vehicle-to-vehicle radio communications to create a
cooperative co llision wa rning system, w here vehic les
cooperatively shar e inform ation (i. e. loca tion, spee d,
heading, acceleration, etc.) for collision anticipation.

Tatchitkou a nd al. [3]  showed that se nding safe ty
warning m essages ¢ ontaining p osition i nformation can
substantially reduce the probability of collision within a
platoon.

The localization of a vehicle compared to an event when
it’s in formed f or the existence o f an accidentor an
imminent danger. It’s a task of great importance that can
avoid pile-up of vehicles and loss of human life.
Currently, typical localization techniques integrate GPS
receiver and motion sensors. However, when the vehicle
passest hrough a ne nvironment that eclipses GPS
information or createsamu ltipath e ffect, th ese
techniques fail. Un fortunately, v ehicles often travel in
environments where GPS is n ot ac cessible. For these
reasons, many t echniques are proposed in literature to
locate nodes in Ad hoc networks [4], in sensor networks
[5],as well asin VANets[2,6, 7]. Some of th ese
techniques show howt od eterminet he location of
vehicles if only some vehicles are equipped of GPS [4],
whereas others present methods to determinate position
using a local and global coordinate systems which need
a lot of calculates [4].

In this paper, we propose a new technique to determine
the positions of nodes in a vehicular ad hoc network in
the full absence of GPS information.

The proposedso lution ise ssentially basedo na
technique of clustering, where a clusterhead is c hosen
among a gro up of ve hicles and a tec hnique, for the
establishment of the relative positions of the nearby
nodes. Every clusterhead establishes a 1ocal coordinate
system and calculates the positions of all its neighbours
in the group usingt he d istances m easured be tween
vehicles. In  the aim to red uce the ca Iculate time in
dangerous s ituation, the orientation oft he co ordinate
system of the first clusterhead and the global system are
considered the sam e. This new so lution pr ovides
sufficient location information and ac curacy to s upport
basic network functions.

The rest of this paper will spell it out more ¢ arefully:
The techniques of localizationu sedin V. ANet are
presented in  section 2; in section 3 the relative
techniques of localization are summarized; our approach
is de tailed insecti on4.T he sim ulation results are
discussedi n section 5. F inally, some concluding
remarks are given.
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2. Overview of localization techniques

A numbe r ofl ocalization tec hniques have be en
proposed to determine the position of mobile nodes in
classical Ad hoc. Mos to ft hemc anbe adap tedt o
VANets [ 8]. Techniques li ke Map Ma tching, Dead
Reckoning, C  ellular Loc  alization, Image/Video
Processing, Loca lization Ser vices, and Relative
Localization are ¢ ommonly di scussed in VANet
literature.

Int his se ction w e brief ly e xplain e ach of these
techniques and discuss when and how they can be used
to localize vehicles in Intelligent Transport Systems.

2.1 Global Positioning System (GPS)

GPS, the G lobal P ositioning S ystem [9, 10] ,is
composed of 24 satellites w hich can o perate in orbit
around the ea rth. Eac h satellite circlestheearthata
height of 20.200 km and makes two complete rotations
every day. The orbits have been defined in such a way,
in which any region of the earth can be observed at least
by four satellites.

A GPS receiverisa nequipment abletoreceivet he
information c onstantly being sent by the satellites and
using it. T he GPS rec eiver uses the T ime of Arrival
technique (To A) to esti mate it s dis tance to the fo ur
known satellites, and t rilateration tec hnique [1 1] to
compute its position. Once these procedures have been
executed, t he receiveri sa bletokn ow i tsla titude,
longitude and altitude.

The main so lution for V ANet loc alization is to equip
each vehicle node with a GPS receiver. This is a very
reasonable sol ution; since t he GPS receivers can be
installed easily in vehicles. But as VANets advance into
critical fields w hich a re de pendent on loca lization
systems, GPS starts to show some undesirable problems
such as not always available and not robust enough for
critical applications.

2.2 Map matching

In the Map Matching [1 2] te chnique, se veral p ositions
obtained over regular periods o f time can be usedto
create an estimated trajectory. The es timated trajectory
is then compared to the known digital map data to find
the most suitable path ge ometry o nt he map tha t
matches the tr ajectory. U sing th is technique, p osition
information (e.g., from GPS) can be accurately depicted
on the map.

2.3 Dead Reckoning

By using Dead Reckoning [13], the current position of a
vehicle ca nb e computed, ba sed on its las t kn own
location a nd using s uch movement i nformation a s
direction, spee d, acceleration, distance, time, etc. The
last k nown p osition, als o knowna sa fix, can be
obtained, for i nstance, by using GPS receivers (which
are most common) or b y locating a known reference

(road c rossing, parki ng lots, home, etc. ) on a digital
map.

Since Dead Reckoning accumulates errors rapidly over
time and distance, iti s co nsidered only a s a bac kup
system for periods of GPS outage, for example, when a
vehicle enters a tunnel and loses its GPS connection.

2.4 Cellular localization

Cellular localization [14] takes advantage of the mobile
cellular infrastructure  present in the most ur ban
environments to es timate th e posi tion of an o bject.
Known applications of this technology include locating
mobile phones, tracking domestic animals, and vehicle
localization.

In order t o work pro perly, m obile cel lular s ystems
require  theins tallation of ac ommunication
infrastructure composed of a number of ce 1lular base
stations distributed through the covered area.

Cellular loc alization is us ually less precise than GPS.
The accuracy depends on a number of fac tors such as
the ¢ urrent ur ban e nvironment, t he number of base
stations de tectingt hes ignal, and the pos itioning
algorithm use d, etc. Also, si gnals from the Cellular
infrastructure ha vem oreava ilability in urban
environments than signals from satellite (used by GPS
receivers) which can be useful for indoor environments
such as parking lots and even tunnels.

2.5 Image/video processing

The image and video information sources, and the data
processing t echniques canbe wused for localization
purposes, e specially in mobile ro bot guidance s ystems
[15]. In some cases, how ever, ca meras a re a lready
available i n se curity systems i mplemented in park ing
lotsan d tunnels. Commonly, the se Im age/Video
Processing t echniques are usedt o f eed Da ta Fusion
algorithms to estimate and predict a vehicle’s loc ation
[8]. In fact, both image and video information are actual
sources fr om w hichw e c an ¢ ompute t he location
parameters of a vehicle.

2.6 Localization services

A Lo calization S ervice can be implemented by u sing
any known infrastructured localization system; such as
the Cricket Lo cation-Support Sy stem [16], RADAR
[17], U ltra-Wideband L ocalization [1 8], or Wi  Fi
Localization [19]. In [20], Thangavelu and al. propose a
system ca lled “VETRAC”, ave hicle trackinga nd
location identification system designed for V ANets that
uses WiFi access points as a commu nication
infrastructure. Th e p roposed sy stemca nb e used in
tunnels, university campuses, airports, etc.

VANets canal sou se Wireless S ensor Net works
(WSNs) as theb asef ora  VANetl ocalization
infrastructure. The reason for doing this is th at W SNs
can als o be u sed to monitor other road v ariables 1l ike
movement, te mperature, smoke, visibility, an d no ise.
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Thus, t hese n etworks are id eal for monitoring crit ical
environments, as well as for emergency operations, as
shown by anum ber of w orks [2 1]. Also, the use of
sensorne tworksa saroa  dsidec ommunication
infrastructure is a ne nvisioned s cenario inm any
Intelligent Transportation Systems. A number of WSN
features c an also be used to impro ve the performance
and accuracy of an infrastructured VA Net | ocalization
system. For instance, movement sensors can be used to
send localization p ackets o nly when ve hicles are
presented.

2.7 Relative localization

By the e xchange of the e stimated di stances b etween
the vehicle and its neighbors, a local r elative position
maps can b e c onstructed. With t his dy namic position
map, a ve hicle c an1 ocate itselfr elatively to nearby
vehicles as well as locate the vehicles in its vicinity [8].
This type of relative localization has been used mostly
in Ad Hoc and Sensor Networks [4, 5], but recently a
number o f s olutions [2, 6, 7] have been proposed for
VANets.

3. Overview of relative localization
techniques

A number o f distributed relative ad hoc loca lization
systems ha ve been proposed recently for Ad Hoc and
Sensor ne tworks, but only a few of these [4,5] can be
applied to highly mobile and dynamic networks such as
VANets.

A GPS-free positioning algorithm for ad hoc networks
was prop osed i n [4], w here eachn ode runs a self-
positioning algorithm, that computes the angles between
the one- hop nei ghbors using t he inter-node dista nce
measurements t o e stablish al ocal ¢ oordinate sy stem.
Once the 1ocal c oordinate sy stems are established, the
nodes orie nt their coordinate systemto a common
coordinate system however all nodes’ x, y coordinates
point in the same direction.

The G PS-free algorithm, a s p ointed out by Iyengar
and Sikdar in [5], is expensive in terms of the number of
messages th atn eed to be e xchanged between nod es.
Iyengar and Sikdar derived an improved version of [4],
to tac kle these iss ues, by creating an algorithm t hat
improves sca lability a nd co nvergence times. F or the
formation of the local c oordinate s ystem, they use the
method of triangulation as in [4]. However, to keep the
system scalable as the number of nodes increases, this
required the formation of local ¢ oordinates at o nly a
small subset of the total nodes (which they called master
nodes).

Kukshya and al.[7] made use of the results from [5] to
create a sche me for lo calizing neighbouring vehicles
based on radio range m easurements. Their goal was to
establish an accurate map of the relative positions of all
neighbouring ve hicles. U nder the ass umption w hen

vehicle does not have access information from GPS or
dead-reckoning system (e.g. opera ting in co nditions
where GPS didno tha vel ine of sight). They use
trilateration [9] for estimating a vehicles position.

In [6], a distributed localization algorithm is proposed to
assist G PS-unequipped vehiclesi ne stimating t heir
positions based o n ne arby GPS-equipped ve hicles. To
estimate a position for a vehicle not equipped with GPS,
itn eeds toc ommunicate withat leastth ree GPS-
equipped ve hicles i n its v icinity in or der to est imate
distances and gather their positions information. When
the number of n earby GP S-equipped v ehiclesis less
than three, the author shows how to estimate at least the
direction of the vehicle and the distance from an event
(an accident or a danger) based on the small amount of
available in formation. The prop osed a lgorithm ca n
successfully estimate the posi tion of vehicles not
equipped with GPS, but it is hard to identify situations
where vehicles have network cards to communicate with
other vehicles but have no G PS equi pment. Also, the
direction of thec arscanb ee asily estimated by
exchanging digital compass or gyroscopes information.
In [2], another distributed VANet localization system is
proposed, i nw hich distances be tween ve hicles are
estimated using RSSI and the information is used by an
optimization a Igorithm to improve the i nitial p osition
estimation of the vehicles ( obtained, for instance, via
GPS). This t echnique is primarily intended to improve
GPS’s initial position estimations, but since nearby GPS
receivers tend to ha ve c orrelated error s, estim ating
distances using RS SI will hardly i mprove the position
information. However, this solution can also be used to
improve po sitions ¢ omputed via the Dead Re ckoning
technique during GPS outages.

4. Our approach: Localization in VANets
using Clustering (LVC)

In th is paper w e propose ane w tec hnique, w hich
consists to de termine the positions of no des, in a
vehicular Ad hoc NETwork when no GPS information
is available. It based ont he clus tering te chnique and
uses the trilateration method for the establishment of the
relative positions of the nearby nodes. This solution can
be executed in three phases:

Phase 1: Sele ction of the first clusterhead t o be the
center of the system and calculate the relative positions
of all its neighbors in the group.

Phase 2 : According to the first c lusterhead selected in
the pr evious step, we cho ose t he o ther clu sterheads
(CH) and their coordinates in the system.

Phase 3: Thisstep will e xecute only if thechaino f
clusterheads is broken.

4.1 Phasel

To select the first vehicle « M » which will be the center
of t he ne twork, any vehicle de tects thatno GPS
information is available), it waits for a fixed delay. If
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during this time receives a message from a clusterhead,
it becomes a no de member of the clusterhead group’s.
Otherwise, itse ndsam essageto say “is thereany
clusterhead in the approximate?” If there is no response
received, it broadcasts a message to say “I am the first
clusterhead”.

The selected vehicle in this phase becomes the center
of the network with the position (0, 0), and the positions
of the other vehicles in the network are calculated on the
base of this selection.

To calculate the positions of the nearby vehicles of the
vehicle « M », w ec hoosetw o vehicles A,BevVy

(where Vy is the set of nearby vehicles of « M »ina

group of radius R = 300m) (cf. Fig. 1) such as:
- The distance between vehicles «A» and «B» (d ag) is

already k nown, ( where Aeygand B eV ,). The

neighbors can be detected by sending periodically a
beacon messages. Henc e, we canca Iculate the
distances between vehicles using the tec hnique based
radio RSSI ‘Received Signal Strength Indication’. We
choose RSSI because pro bably is the m ost wel 1-
known, and le ss e xpensive to implemented, since it
does not require any specialized hardware.
- The node «A» must be on the positive x axis of the
coordinate system.
- The node «B» has apositive By component on y
axis (Fig. 1).
Thus, w e obta in the positions o f veh icles « M »,
« A » and « B » as follows:
My = Oa M y = 0
Ax = d MA> Ay =0

Bx = dmgcosa; By = dugsina

Where « & »isthe angle AMB andii t is
calculated by the following formula:

2 2 2
dve” +dma” —das

& = arccos

2dmedma

Fig.1: the calculation of the nearby positions vehicles of « M ».

To calculate the positions of the other nearby vehicles of
«M» (let’sta kea ve hicleC, vCeyyand C=A,B)
where wealre adykn  ow the distances
dwc.dac and dgc (0rC eVanVg). W euset he
technique of trilateration tha t gives the fo llowing

equations:

RV [T (1)
(Ama=X) + Y2 = A AC oo (2)
(dwscosa—x)* +(dyesina—y) =dpc?emvvneenne (3)

(1)-(2) =2duax—dwa’ =dmc® —dac’

:dMA2+dMC2_dACZ
2dwva

To determine the coordinate « y », we use the equation
(1)-3).

The calculations above show how we can cal culate the
position ofa vehicle « C» w hich isa n eighbor of
vehicles « A » and « By. If the vehicle « C » isnot a
neighbor of « A » orof« B», wecan calculate its
position using the position of « M » a nd at least two
other vehicles with known positions.

= X

4.2 Phase 2

When the center of the network (vehicle « M » ) builds
its coordinates system and calculates the positions of all
its neighbors i n the group, it startsto construct the
backbone formed o f ¢ lusterheads. F or this reason, it
selects two clu  sterheads (CH) amongt henear by

vehicles. The first vehicle « M*!' » is for the super ior

level and the second vehicle « M~ » is for the lower

level of « M » (Fig. 2).
Both vehicles « M *!' » and « M ™! » are selected such

that they verify the following conditions:
yM += MAX yV and Dmv <250m , vV €Vwm (Due

tot he highm obility]l n VANetsw e choose
DMV <250m<R toav oidth efastbrea k ofthe

backbone)
o yM 1=

The two clusterheads M *' and M ™! execute the same

MIM yV and DMV <250m ,VV EVM

procedure to calculate the positions of their neighbors.
So, w e use the pos ition of M *! (re spectively M ')

calculated by the vehicle M and at least the positions of

two vehiclesintherange of M and M *!(respectively

between M an d M ') to ca Iculate the p ositions of the

nearby ve hicles of M *!(respectively M ). This giv es
the possibility to apply the technique of trilateration.
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Finally, to calculate the positions of all the vehicles in
the network, the vehicle M™*' (M ™') must select his

successor M *? (h is p redecessor M ~2) (F ig. 2) . The

procedure w ill ber epeatedu ntiln osucc essor
(predecessor) is found.
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Fig. 2: The selection of master’s vehicles (CHs).

4.3 Phase 3

This step can be executed in two different cases:

- Assoon as the first clus  terhead receives two or
more than a message viathe GPS, at this moment
recognizes that it left the environment without GPS.
Thus, it has to inform its neighbors’ that it has left
the tunnel ( or the fore st) by se ndinga special
message. Int he re ception of this me ssage, the

previous clusterhead (i.e. M ~!) is going to take the

role of the master clusterhead.
- Inthese condc ase, w here the first cl usterhead
arrests or fails, one of its clusterhead neighbors (i.e.

M*lorM ') ischosen to take therole. For that
purpose, e ach one of themstartsto decrementa

random timer. The vehicle sees its timer expire the
first, it becomes the new center of the network.

5. Simulation results

To evaluate the performances of t his technique, we use
NS2 si mulator [22] a nd the m obility generator t ool
IMPORTANT [23] to produce realistic mobility model.
For this reason, we have to change the number of nodes
in the network (20, 30, 40, 50, and 100), and the speeds.
We also use two kinds of mobility. The firstisa low
mobility with a speed between 20 km/h and 50 km /h.
The second is a high mobility with a speed between 80
km/h and 140 km/h.

The Fig. 3 sho ws for t wo c ases of m obility: low and
high, that the rate of pos itions ca lculated (RNP) is
related to the numbers of nodes in the network.

100
920 P |

80 4
70 4
50 4

40
30 4
20

—#— Low mobility
High mobility

RNP

10
[o]

20 30 40 50 60 70 80 90 100

Total number of nodes

Fig. 3: Rate of positions calculated according to the total number of
nodes.

For a number of nodes which varies between 20 and 40
and in the case of | ow m obility, we notice that RN P
increases when the number of nodes increases. So, it’s
clear that the low variation in speed of vehicles permits
the clusterhead to calculate the positions of vehicles in

its domain with a low effect of the topology changes.

In the case of high mobility, the success to calculate the
positions i s less than the first case, duetothe fast
changes in topology. G enerally, the rate of calculated
positions decreases when the members in the group of a
clusterheads ch ange very quickly. But somet imes, we

can find the opposite, for example, when the number of
nodes varies between 50 and 60 the rate of success is
better than a network of 1 ow mobility. We can explain
that, by the fast movement of the vehicles which allows
nodes to e nter to an other dom ain. Co nsequently, the
new clusterhead can calculate their positions.

The Fig. 4 shows that RNP has an influence on the mean
error and this for both cases of mobility.
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Fig. 4: Mean error according to the number of nodes.

In the case of low mobility, RNP reaches 92, 5 % with a
mean error less than 4m. In the case of high mobility,
the rat e of positions re aches 73,3 3 % wit hamea n
error = 8m.

This can be explained by the fact that in the case of high
mobility, when t he clusterhead is int he process of
calculating t he position of a vehicle, the 1ater moves
quickly. The refore,ifw e comparet he po sition
calculated by the clusterhead and t he real position, we
remark that errors are proportional to t he speed. In t he
case of lo w mo bility, v ehicles m ove with an average
speed that permits to decreasing the mean error.

The curves of the Fig. 5 show for both cases of mobility
that the number of sen t m essages i ncreases w ith t he
augmentation of the total n umber of no des, in w hich
confirms the smooth operation of our protocol.

1800

1600

1400 /.

1200
1000 —=— Low mobility
600 ///
400

200 4'/

-

NSM

20 30 40 50 60 70 80 90 100

Total number of nodes

Fig. 5: Number of sent messages according to the total number of
nodes.

In our algorithm, each vehicle has to broadcast
a massage to calculate the distances with regarding to its
neighbors. Thus, every time we increase the number of
vehicles in the fre eway, the number of sent m essages
also increases.

To evaluate the performances of LVC when the
speeds change, we fixed the number of ve hicles to 5 0
and we vary the speed between 2 0-40 km /h or 4 0-60
km/h ... and 100-120 km/h.

RNP

20-40 40-60 60-80 80-100 100-120

Speed (Km/h)

Fig. 6 Rate of positions calculated according to the speed.

According t o the Fig. 6, w esee t hatt he spee d of
vehicles has a nim pact o nthe Rate o fN odes w ith
Position (RNP). Thus, every time we increase the speed
the RNP decreases, due to the fast change of t opology.
So, a vehicle being in a range of a clusterhead can leave
to another range, c onsequently the clustehead d oes not
calculate i ts position w hich reduces im peratively the
RNP.

Finally, we compare the perf ormances of our approach
with the GP S-free positioning inm obile Ad hoc
networks technique GPMAN [4]. A ccording to this, we
choose to present the rate of positions calculated (RNP)
and t he latency ( The nec essary t ime t o calculate the
positions). We remark that the obtained RNP using our
method (LVC) is better than the GPMAN whatever the
number of nodes (cf. Fig. 7). Also, the latency of LVC
is widely better than the one obtained by GPMAN (cf.
Fig. 8), due to the utilization of single global axes for
the whole sy stem w hich pe rmits t o av oid trans lations
and rotations for calculating the positions of any node.

25
@ . Our approach
315
T ——GPMAN
a0
5
0 T T T T T T T T T
10 20 30 40 50 60 700 80 90 100
Total number of nodes
Fig. 7 Rate of positions calculated using LVC and GPMAN.
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10 20 30 40 50 60 70 80 90 100
Total number of nodes

Fig. 8: The latency using LVC and GPMAN.

6. Conclusions

We have presented a novel technique of localization in
vehicular ne tworks, which perm itsto sim plify the
necessary calculations t o est imate the pos itions of
nodes.

Our solution provides certain improvements:

(i) Asin gle coord inate s ystem - without usingt he
rotations and the translations of axes-, (ii) a selection of
the c lusterheads n ot ran dom, and (i ii) a t echnique of
maintenance of the sy stem al lows changing the fi rst
clusterhead in case of failure.

We can say that the performances of our algorithm are
very sa tisfactoryan d it canbe usefuli n safety
applications when GPS information is not available.
Simulation results show thatt her ate o fca Iculated
positions reaches at m ost 92,5 % w ith a pos ition error
does not overtake 8 m.
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Abstract
In order to support interoperability in open distributed systems,
an information service is needed that can provide dynamic
knowledge about available service providers. Such a service is
Trading function, identified by Basic Reference Model of Open
Distributed Processing (RM ODP). RM ODP is a joint effort of
ISO and ITU-T. Within the standardization of RM ODP, Trading
function is developed as a component standard.
The use of formal methods in the design process of ODP systems
is explicitly required. Currently there are no formal specifications
of ODP concepts which are widely accepted. One interesting
question concerns the suitability of event B for their use in ODP.
In this paper, the use of event B for verifying ODP is investigated
and evaluated. The ODP trader is chosen as case of study because
it appears as a first main application of ODP.
Keywords: RM-ODP, Trader function, event B, RODIN
platform.

1. Introduction

One property of a distributed system is that a user of the
system is unaware of the differences in computers and
operating systems in which their applications run. Such
systems are inherently complex. Despite this, distributed
processing is growing rapidly, primarily due to the
computer industry’s ability to produce cheaper, more
powerful computers. As a result of this growth, the need
for the coordinated production of standards for distributed
processing has been identified.

ODP is already a major effort between the International
Organization for Standardization (ISO) and International
Telecommunications Union (ITU-T) which will lead to
significant product development in the coming years. The
ODP work identifies and attempts to provide a framework
for distributed systems. This has been set out in a
Reference Model of ODP (RMODP) [1].

It defines an architecture through which distribution,
interworking and portability can be achieved. The RM-
ODP recognizes that it cannot provide an infrastructure to
meet all of the needs of distribution. Different systems will
almost certainly have different demands on the
infrastructure.

The RM-ODP is divided into four main parts.

Part 1 - Overview and Guide to Use : contains an overview
and guide to use of the RM-ODP.

Part 2 - Descriptive Model : contains the definition of
concepts and gives the framework for descriptions of
distributed systems.

Part 3 - Prescriptive Model : contains the specification of
the required characteristics that qualify distributed system
as open, i.e. constraints to which ODP systems must
conform. It defines a framework comprising five
viewpoints, five viewpoint languages, ODP functions and
ODP transparencies. The five viewpoints are enterprise,
information, computational, engineering and technology.
Part 4 - Architectural Semantics : contains a formalization
of a subset of the ODP concepts.

A trader [3] is an object that performs trading, which is an
ODP common function. ODP aims to provide distribution-
transparent utilization of services over heterogeneous
environments. In order to use services, users need to be
aware of potential service providers and to be capable of
accessing them. Since sites and applications in distributed
systems are likely to change frequently, it is advantageous
to allow late binding between service users and providers.
If this is to be supported, a component must be able to find
appropriate service providers dynamically. The ODP
trading function [3] provides this dynamic selection of
service providers at run time.

The languages Z, SDL, LOTOS, and Esterel are used in
RM-ODP architectural semantics part [1] for the
specification of ODP concepts. However, no formal
method is likely to be suitable for specifying every aspect
of an ODP system.

Elsewhere, we used the meta-modeling approach [9] [10]
to define syntax of a sub-language for the ODP QoS-aware
enterprise viewpoint specifications. We defined a meta-
model semantics for structural constraints on ODP
enterprise language [11] using UML and OCL. We also
used the same met-modeling and denotation approaches
for behavioral concepts in the foundations part and in the
enterprise language [12] [13].

Furthermore, for modeling ODP systems correctly by
construction, the current testing techniques [21][22] are
not widely accepted.

In this paper, we use the event-B formalism as our formal
framework for developing trader function in distributed
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systems. Event B [4] is a method with tool support for
applying systems in the B method. Hence we can benefit
from the useful formalism for reasoning about distributed
systems given by refinement techniques and from the tool
support in B. The Rodin Platform for Event-B provides
effective support for refinement and mathematical proof.
[5]

The paper is organized as follows. Section 2 introduces
RM-ODP and trader function. Section 3, presents an
introduction to event B notations. In Section 4, we use
event B as refinement support to specify trader function.
Section 5 presents the Rodin platform as tool of proving
initial and refinement models. In section 6 we describe
related works. Lastly, section 7 concludes the paper.

2. Introduction to ODP and the RM-ODP

2.1 RM-ODP

The Reference Model for Open Distributed Processing
(RM-ODP) [1] provides a framework within which
support of distribution, networking and portability can be
integrated. It consists of four parts. The architecture part
contains the specifications of the required characteristics
that qualify distributed processing as open. It defines a
framework comprising five viewpoints, five viewpoint
languages, ODP functions and ODP transparencies. The
five viewpoints are enterprise, information, computational,
engineering and technology. The ODP functions are
required to support ODP systems. The transparency
prescriptions show how to use the ODP functions to
achieve distribution transparency. RM-ODP defines a
number of specific repository functions [2], concerned
with maintaining a database of specialized classes of
information. There are three repository functions: Type
Repository, Relocator and the trader function [3].

2.2 Trader Overview

A trader [3] is a third party object that enables the clients
to find suitable servers in a distributed system. Figure 1
shows the interactions of a trader and its users:

* A trader accepts service offers from exporters of services
when exporters wish to advertise service offers. A service
offer contains the characteristics of a service that a service
provider is willing to offer. Service offers are stored by the
trader in a centralized or a distributed database.

* A trader accepts service requests from importers of
services when importers require knowledge about
appropriate service providers.

* A trader searches its service offer database to match the
importer's service request. And, if required, a trader can
select the most appropriate service offer(s) (if one exists)

that satisfies the importer's service request. The matched
list of service offers or the selected service offer is
returned to the importer.

After a successful match, the client, that requires a service,
can interact with the service provider of a matched offer.
The matching and selection of appropriate service at run
time by a trader allows client objects to be configured into
an ODP system without prior knowledge of server objects
that can satisfy their requirements.

Trader

Result Export

mport

EXPORTER

IMPORTER

Invoke

Fig. 1 Trader and Its Users.

3. EVENT B MODELLING APPROACH

The Event-B [14] [15] is formal techniques consist of
describing rigorously the problem, introduce solutions or
details in the refinement steps to obtain more concrete
specifications and verifying that proposed solutions are
correct. The system is modeled in terms of an abstract
state space using variables with set theoretic types and the
events that modify state variables. Event-B, a variant of B,
was designed for developing distributed systems. In
Event-B, the events consist of guarded actions occurring
spontaneously rather then being invoked. The invariants
state properties that must be satisfied by the variables and
maintained by the activation of the events.

The mathematical foundations for development of event
based system in B is discussed in [6]. An abstract machine
consists of sets, constants and variables clause modeled as
set theoretic constructs. The invariants and properties are
defined as first order predicates. The event system is
defined by its state and contain number strained by the
conditions defined in the properties and invariant clause
known as invariant properties of the system. Each event in
the abstract model is composed of a guard and an action.
A typical abstract machine may be outlined as below.

MACHINE M
SETS S1,52,S3...
CONSTANTS C
PROPERTIES P
VARIABLES v1,v2,V3...
INVARIANTS I
INITIALISATION init
EVENTS
El =WHEN Gl THEN SI END;
....... END
1JCSI
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4. SPECIFYING THE ODP TRADER
USING EVENT B

4.1 Refinement strategy

In this section, we present our strategy for constructing the
negotiation scenario between trader object and its users.
This will be done by means of an initial model followed
by one refinement.

a) The initial model essentially presents the protocol as
done abstractly of repository function of trader.

b) In the refinement model, we introduce the trader
repository function. A trader needs to checks with its type
repository that the service type specified in the offer is
valid.

4.2 Abstract Model of trading function

The abstract model of a trader communication protocol is
presented as a B machine in the Fig. 2. The PROCESS and
MESSAGE are defined as sets. The brief description of
this machine is given as follows.

MACHINE Trader and users communication

SETS  PROCESS ={importer, exporter, trader)
MESSAGE = {import, export, result, invoke}

VARIABLES sender, receiver

INVARIANT

/* 1-1%/ sender € MESSAGE - PROCESS
/*1-2*%/ A receiver € PROCESS < MESSAGE

/*1-3*/ A ran(receiver) & dom(sender)

INITIALISATION sender := @ || receiver:= @
OPERATIONS

Send (pp € PROCESS, mm e MESSAGE) =

WHEN mm € dom(sender) A pp € dom(receiver)

THEN sender := sender U {mm = pp}
END;

Receive (pp € PROCESS , mm € MESSAGE) =

WHEN mm € dom(sender) A (pp = mm) e receiver

THEN receiver := receiver U {pp » mm}
END ;
END

Fig. 2 Abstract Model of trader function.

The sender is a partial function from MESSAGE to
PROCESS defined in invariant I-1. The mapping (m = p)

€ sender indicate that message m was sent by process p.

The receiver is a relation between PROCESS and
MESSAGE defined in invariant I-2. A mapping of form (p

— m) € receiver indicates that a process p has delivered

a message m. The sender and receiver are initialized as
empty set.

In our model of trader communication protocol with its
users, a sent message is also delivered to its sender. It may
be noticed that all delivered messages must be messages
whose Message Sent event is also recorded. This property
is defined as invariant [-3. The events of sending and
receiving of messages are modeled as Send(pp, mm) and
Receive(pp, mm). When a Send event is invoked, the entry
of a process and the corresponding message is made to the
sender.

4.3 Refinement model:
function of a trader

Introducing repository

In order to match service requests with service offers, a
trader interacts with the type repository function provided
by the ODP infrastructure [2]. The set of all service types
known to a trader is known to its type repository.

The possible interaction scenario for the trader and its
environment is given below:

Interaction 1. Service Export - the trader receives a service
offer from an exporter. The trader checks with its type
repository that the service type (or interface type), the
service properties and service offer properties specified in
the offer are valid. The service offer is stored in the trader
database including the offer's service type identifier (if
given), interface type identifier, service and service offer
properties.

Interaction 2. Service import - the trader receives a service
request from a client. The trader checks with its type
repository that the request contains a known service or
interface type and the properties in the matching
constraints are valid.

Interaction 3. Matched offers - the trader returns offers
(possibly empty) to the importer that matches the
importer's requirement specifications.

Finally, to use the service, the importer needs to map the
service interface identifier to an interface location for the
service, establish a binding with the server at the service
location and, finally, invoke the service.

Trader

Result
-Service offer propertfes Expo
-Offers’s service ty -Servich type

identifier -Service Rroperties

-Service oKer properties

-Offers’s setyice type identifier
-Sefvice properties

EXPORTER

A 4

IMPORTER Invoke

Offers’s service type identifier

Fig. 3 Trader and Its Users taking in account the repository function.
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In this refinement we introduce the repository interface of
trader. The refinement of abstract model is given in Fig. 4
and Fig. 5. A brief description of the refinement steps are
given below.

The abstract repository interface is represented by a

variable repository. A mapping of the form (m1 » m2)

repository indicates that parameter ml is sent with
message m2 (Inv I-4). A repository on the messages can be
defined only on those messages whose message sent event
is recorded (Inv 1-5).
REFINEMENT Repository interface
REFINE Trader and users communication
SETS  PROCESS = {importer, exporter, trader);

MESSAGE = {import, export, result, invoke};
PARAMETER= {Service type, Service properties,
Service offer properties, Offers’ service type identifier}
CONSTANT Trader type repository
VARIABLES Sender, receiver, repository
INVARIANT

/*1-4* repository e PARAMETER < MESSAGE

/* 1-5%/ A ran (repository) € dom (sender)
INITIALISATION sender := @ || receiver := @ || repository :=
O]

Fig. 4 Trader communication with users and repository: Initialization

The events send (pp, mm, param) and receive (pp, mm,
param) respectively models the events of sending a
message and the receiving of a message.

As shown in the operations, only exporter process can
export a service offer. When the trader receives a service
offer from an exporter pp, the trader checks with its type
repository (Trader type repository) that the service type is
valid. The service offer is stored in the trader database
including the offer's service type identifier, interface type
identifier, service and service offer properties.
Furthermore, only importer process can import a service.
When the trader receives a service request from a client,
the trader checks with its type repository (Trader type
repository) that the request contains a known service or
interface type and the properties in the matching
constraints are valid.

Fig. 5: Trader communication with wusers and
repository: Events

OPERATIONS
Send (pp € PROCESS, mm €
PARAMETER) =
WHEN mm € dom (sender) A pp € dom (receiver) A param

MESSAGE, param €

€ dom(repository)
A pp =exporter

A Service type = Trader type repository

THEN sender := sender U {mm = pp} || repository := repository
U {param - mm}

END;

Receive (pp € PROCESS , mm € MESSAGE, param €
PARAMETER) =

WHEN mm € dom(sender) A pp € dom(receiver) A

param € dom(repository)
A pp = importer

A Service type = Trader type repository
THEN receiver := receiver U {pp = mm} || repository :=
repository U {param » mm}
END ;

Fig. 5 Trader communication with users and repository: Events

5. PROOFING TRADER MODELS

Rodin Platform [5] is an open tool set implemented on top
of Eclipse. It is devoted to supporting the development of
such systems. It has been developed within the framework
of the European project Rodin. It contains a modeling
database surrounded by various plug-ins: static checker,
proof obligation generator, proovers, model-checkers,
animators, UML transformers, requirement document
handler, etc. The database itself contains the various
modeling elements needed to construct discrete transition
system models: essentially variables, invariants, and
transitions.

The initial model of trader communication with users and
its refinements models are developed by using Event-B.
Each model was analyzed and proved to be correct using
The Rodin Platform. The correctness of each step is
proved in order to achieve a reliable protocol
communication between trader, client and server objects.
The abstract and refinement models of the trader by both
essentials construct of Event-B (machine and context) are
illustrated below:

=i0 X

Fig. 6 A context of trader abstract model.
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6. RELATED WORK

There are related works which are using event-B to specify systems. For
example, Abrial [8] introduces patterns for state-based specifications in
EventB and uses informal graphical notations similar to TD to illustrate
the patterns. Cansell et al. [16] introduce a time constraints pattern based
on an Event-B model for distributed applications. This work uses global
time which interacts with a number of active times as do our patterns.
Bicarregui [17] extends Event-B notations to three linear temporal logic
(LTL) operators The work proposes using three new constructs that are to
replace the standard Event-B structure, WHEN...THEN...END, to
represent the three LTL operators. In [18] the use of the Formal
Description Techniques (FDT's) Z, LOTOS and SDL'92 is investigated
and evaluated for specifying the ODP trader. KAOS [19] is a goal-
oriented modeling technique for requirements specification, in which a
goal defines an objective of the composite system. KAOS uses a Goal
model to declare the system requirements. An attempt to combine KAOS
with B is introduced by Ponsard and Dieul [20]. Our earlier works [11]
[23] investigates how to translate the specification of enterprise viewpoint
concepts in event-B. Our work is unique in providing techniques for
verifying ODP trader specification by using the standard Event B
notations provided.

7. CONCLUSION AND PERSPECTIVES

In this paper we have presented a formal approach to
modeling and analyzing trading function using Event B.
The abstract model of trader is done abstractly of its
repository function.

In the refinement of the abstract model, we introduced the
notion of a trader repository function. In fact, in order to
match service requests with service offers, a trader
interacts with the type repository function provided by the
ODP infrastructure. The set of all service types known to a
trader is known to its type repository.

The system development approach considered is based on
Event B, which facilitates incremental development of
distributed systems. The work was carried out on the
Rodin platform. In order to verify our trader model, the
initial and refinement model of trader are developed by
using Event-B, Each model is analyzed and proved to be
correct.

Our experience with this case study strengthens our
believe that abstraction and refinement are valuable
technique for modeling complex distributed system.

As for future work, we are going to generalize our
approach to verify ODP common function trader from
different viewpoint. This will be our basis for further
investigation of using event-B in the design process of
ODP systems
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Abstract

In the recent years the usage of data networks has been increased
due to its cost effective and flexible applications. A shared data
network can effectively reduce complicated wiring connections,
installation and maintenance for connecting a complex control
system with various sensors, actuators, and controllers as a
networked control system. For the time-sensitive application
with networked control system the remote dc motor actuation
control has been chosen. Due to time-varying network traffic
demands and disturbances, the guarantee of transmitting signals
without any delays or data losses plays a vital role for the
performances in using networked control systems. This paper
proposes Fuzzy Logic Controller methodology in the networked
dc motor control and the results are compared with the
performance of the system with Ziegler-Nichols Tuned
Proportional-Integral-Derivative Controller and Fuzzy Modulated
Proportional-Integral-Derivative Controller. Simulations results
are presented to demonstrate the proposed schemes in a closed
loop control. The effective results show that the performance of
networked control dc motor is improved by using Fuzzy Logic
Controller than the other controllers.

Keywords: Networked Control System, Fuzzy Logic Controller,
DC Motor.

1. Introduction

The adaptation of communication network for information
exchange between controllers, sensors and actuators to
realize a closed control loop is called as Networked
Control System (NCS). Networks reduce the complexity
in wiring connections and the costs of Medias; provide
ease in maintenance and also enable remote data transfer
and data exchanges among users. Therefore, NCS is used
widely in many industrial applications. Two major
challenges as networked induced delay and data losses in
the network affects the performance of the system. Hence
the challenges have to be compensated. Thus, with a
networked controlled dc motor system this paper
illustrates the  proposed  Fuzzy Logic Controller
(FLC) for the compensation of the challenges and also

compares FLC simulation results with the Fuzzy
Modulated Proportional-Integral-Derivative Controller
(FMPID) and Zeigler Nichols tuned Proportional-Integral-
Derivative (PID) Controller.

There are two approaches to utilize a data network as
Hierarchical Structure and Direct Structure. The
Hierarchical Structure is shown in Fig. 1 where the dc
motor is controlled by its own remote controller at remote
station. The central controller provides the set point to the
plant (dc motor) via remote controller and the sensor
measurements of the system are sent from the remote
station to central controller. The remote controller controls
the plant by providing the control signal in the remote
unit. The set points and sensor measurements are
transmitted through network. This approach has a poor
interaction between the central and remote unit because of
not transmitting the control signal from central controller.
Whereas in the Direct Structure Fig. 2 approach the
network is used for the direct transfer of the control signal
and the sensor measurements between a remote unit and a
central controller. The central controller is connected to
the dc motor through an interface unit. Due to the transfer
of control signal directly to plant this approach provided
better interaction of data’s between central controller and
the plant than the hierarchical structure.

Recently the stability analysis and control design for NCS
have attracted considerable research interest [3], [4], [6]
and [11]. The work of Nesic and Teel [2] presents an
approach for stability analysis of NCS that decouples the
scheduling protocol from properties of network free
nominal closed-loop system. Nesic and Tabbara [3]
extended [2] by stochastic deterministic protocols in the
presence of random packet dropouts and inter transmission
time and they also proposed wireless scheduling protocol
for non-linear NCS in [6]. The networked predictive
control scheme for forward and feedback channels having
random network delay was proposed in [4], and [5]
addresses the problems of how uncertain delays are

1JCSI
www.lJCSl.org



IJCSI International Journal of Computer Science Issues, Vol. 7, Issue 4, No 9, July 2010 24

www.lJCSlL.org

smaller than one
stability of the

Set point etwork v M |
R E
(©)

‘—
Sensor measurement

sampling period which affects the

Fig. 1 Hierarchical Structure

Control Signal etwork /@
€

Fig. 2 Direct Structure

NCS and how these delays interact with maximum
allowable transfer interval and the selected sampling
period. Robust feedback controller design for NCS with
uncertainty in the system model and the network induced
delay has been addressed in [7]-[8], whereas [9] handles
the case of state feedback stabilization of NCS with
varying sampling period. Seiler and Sengupta [1] measure
the networked vehicle control performance using an H
infinity norm with linear matrix inequalities conditions
and markovian jumping parameters in communication
losses. In case of time varying transmission times, model
based NCSs has been proposed for stabilization problem
of NCS. The stability analysis and controller synthesis
problems are investigated in [11] for the NCSs with
random packet losses by using H infinity control and
linear matrix inequalities. A moving horizon method was
developed by Godwin et. [12], which was applied as a
quantized NCS in a practical context. Since these methods
transmit data specifying only a region in which the
measurements lie, it will reduce the network stabilization
of the NCS. However, this method could reduce the
stability of the control system by introducing uncertainty
in the control system. The issues of limited bandwidth,
time delay and data dropouts was taken into consideration
when NCSs controllers were designed in [12] — [14]. The
networked control system performance depends on the
control algorithm and the network conditions. Several
network conditions such as bandwidth, end-to-end delay,
and packet loss rate are major impacts on networked
control systems. Depending upon the control algorithm
and network conditions the overall performance of the

networked system may vary and hence the stability of the
system.

2. Modeling

A networked control system can be divided into three
parts: 1) the remote unit; 2) the central controller; and 3)
the data network. A general block diagram of the
networked control system under investigation is shown in
Fig. 3. In order to focus our discussion on the performance
of networked closed loop control system with network
conditions (delay, data loss), a networked dc motor control
system has been illustrated as in [16].

% (f) u,{f)
Comt | o) = | |
Controller B ——

¥ LAG) Remote

Fig. 3 An overall real-time networked control system

2.1 Remote Unit

The Remote Unit consists of the plant (dc motor), sensor
and an interfacing unit. Via the network the remote unit
can send measurements like motor speed, current,
temperature, and local environment information, back to
the central controller. Using the state-space description,
the dynamics of the remote process can be described as
shown in Eq. (1), where the state vector Xr = [Xgi....
Xra]" € X" the state space; the input vector Ug = [ug ......
ug,]" € U", the input space; Sg = [sg; ...... qu]T € RY are the
system parameters; t € R" is the time parameter; and Fy €
R" is the state transfer function of the remote unit

X =F (Xg,S5;,Ug,1) (1)
Depending on the design of the networked control system,
the remote interface, Gy performs a certain task, such as
regulating the performance of the plant, as described by

Eq.(2).
Ur =Gr(¥r») )

where yg = [Yri 5 ....., Yra]' is the adjustable controller
parameter vector and () is other appropriate information.
The combination of the remote plant and remote interface
is viewed as a remote unit. The remote unit dynamics can
be described by a set of differential equations

X =Fg(Xg,5:,Gr(¥r»)t) 3)

For the discussion a network based controlled dc motor is
used as remote unit. The electro-mechanical dynamics of
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the dc motor can be described by the loop equation as first
order differential equations.

di .
ut)=e, =L—2+Ri_ +e 4
() a dt+ a+b ()

where u=e, is the armature winding input voltage; e, =K,®
is the back-electromotive-force (EMF) voltage; L is the
armature winding inductance; i, is the armature winding
current; R is the armature winding resistance; Ky, is the
back-EMF constant and « is the rotor angular speed.
Based on Newton’s law the mechanical-torque balance
equation is

199 BT =i, )
dt

J is the system moment of inertia; B is the system damping
coefficient; K is the torque constant and T; is the load
torque.

By letting x; = i, and x, = ®, the electromechanical
dynamics of the dc motor can be described by the
following state-space description:

y R K 1
Xl(t):—IXI—TbXZ‘FIU (6)
y K B 1
xZ(t)=Txl—jx2+ET, (7

The parameters of the motor table 1 are used for determine
the state space model of dc motor. To keep the illustration
simple, the remote unit receives the data sent from the
central controller as ug, which can be mathematically
expressed as

Up (D) =U, (t—75) ®)
where 1y is the time delay to transmit the control signal uc
from the central controller to the remote unit. The remote
unit also sends the sensors signals yr(t) of the remote
system back to the central controller, yc(t), and these two
signals are related as

Y ®) =Yr(t-7) ©)
where ¢ is the time delay to transmit the measured signal
from the remote unit to the central controller.

The parameters of the % hp dc motor which are used in
this paper are shown in table 1.

Table 1. DC Motor parameter

J Moment of Inertia 42.6 e-6 Kg-m®

L Inductance 170 e-3 H

R | Resistance 4.67 Q

B | Damping 478 e6 Nm-
Coefficient sec/rad

K | Torque Constant 14.7 e-3 Nm/A

K, | Back EMF constant | 14.7 e-3 Vsec/rad

There are also processing delays as tpc and tpg, at the
central and remote unit, respectively which could be
approximate small constants or even neglected because
these delays are usually small compared to tc and tx.

2.2 Central Controller

The central controller will provide the control signal uc(t)
to the remote systems. Let z" be a time delay operator and
the current network conditions n(t) provided by the
network are defined as

Ug (t) =u (27", n(t)) (10)
Yo (1) = Yo (z7=,n(1)) (11)

where tg is the time delay in transmitting a signal from the
central controller to the remote unit, and tc is the time
delay in transmitting a signal from the remote unit to the
central controller. The network conditions n(t) and time
delays z* are functions of network variables such as the
network throughput, the network management/policy
used, the type and number of signals to be transmitted, the
network protocol used, and the controller processing time,
and the network traffic congestion condition.

The central controller will monitor the network conditions
of the remote unit link and provide appropriate control
signals to each remote unit. In this paper, the Fuzzy Logic
Controller is proposed to be the central controller.

2.3 Data Network

There are different ways to define network conditions for
point-to-point (from the central control to a specific
remote unit). Two of the most popular network measures
are the point-to-point network throughput and maximal
delay bound of the largest data.

One factor of interest is the sampling time. In this paper,
we have chosen sampling time as 0.5ms and simulations
are done.

3. Controller Design for NCS

In this session the proposed Fuzzy Logic Controller for the
central controller is described and the results are compared
with the Fuzzy Modulated PID controller and PID
controller.

3.1. Fuzzy Logic Controller

In general, fuzzy logic control is used for the control of a
plant where the plant modeling is difficult. For such
systems that are difficult to model, fuzzy logic controller
has been successful by Mamdani. The basic principle of
fuzzy logic lies in the definition of a set where any
element can belong to a set with a certain degree of
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membership. Using this idea, the knowledge of an expert
can be expressed in a relatively simple form and the
inference for given inputs can be implemented very
efficiently. Due to these advantages, fuzzy logic control is
a very attractive method for NCS whose modeling is very
difficult because of the stochastic and discrete nature of
the network. Figure (4) shows the structure of FLC for a
single input single output plant. In this figure, the control
signal and plant output are transmitted through the
network. Due to the use of the network, the control signal
and feedback signal (plant output) inevitably contain the
network induced delay and losses of data. In Fig.4 r(t) is
the reference input, y(t) is the plant output, e(t) is the error
signal between the reference input and plant output and
U(t) is the control signal.

P i
1 1 2

o) Lo 1 ]

/! 1 LR

v nc g ir': vl ¥ da
i vy b TG Matee -
i :
T 1
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Fig. 4 Fuzzy Logic Controller for NCS

The FLC consists of three parts as 1) Fuzzifier that
converts the error signal into linguistic values, 2)
Inference engine that creates the fuzzy output using fuzzy
control rules generated from expert experience and 3)
Defuzzifier that calculate the control input to the plant
from the inferred results. The input and output signals to
the FLC are error signal e(t) and control signal U(t)
respectively. In this paper, the trapezoidal fuzzy members
are selected for membership functions. Three fuzzy
linguistic variables, i.e., Small, Medium and Large are
defined. The coefficients of the membership function
depend upon the set point and are determined by several
trial and error experiments with the plant without the
network. In order for faster execution of the fuzzy logic
controller, the Mamdani’s min-max inference method and
the central average defuzzifier are used. The rules used in
this paper are as

If e(t) is small then U,(t) is small

If e(t) is medium then U,(t) is medium

If e(t) is large then U(t) is large
The FLC reduces the effects of network induced delays,
losses and disturbance and they also reduces the effects of
the disturbances in the input reference signal. The
simulation results are shown in the Session 4.

3.2. Fuzzy Modulated PID Controller

The fuzzy modulated PID controller for the networked
control dc motor is shown in the Fig. 5. The model is
based on modulating the control signal Upjp(t) provided by
the PID controller with a single parameter . The fuzzy
modulator receives the input as the error signal e(t) which
is the difference between the reference signal and the plant
output signal y(t) in addition to the output from the PID
controller Upip(t). The fuzzy modulator produces an output
as modulation parameter  which is used to compensate
the affects of the network induced time delay and data
losses. The control signal produced by the fuzzy
modulated networked PID controller is

Uc(t) = :BU PID (t) (12)

Two fuzzy linguistic variables, i.e., Small and Large are
defined. The coefficients of the membership functions are
determined by several trial and error methods with the
plant and without the network. The fuzzy logic modulator
used in this paper is composed of the following rules.

If e(t) is small and Upp(t) is small, then B is B,

If e(t) is large and Upp(t) is large, then f is B,
Such that f< B;< B,<1 where B;, i=1,2 are the consequent
parameters corresponding to the modulation parameter 3
[19].

Fig. 5 Fuzzy Modulator PID Controller for NCS

3.3. PID Controller

It is used to compute the control signal to the remote dc
motor for step tracking, based on the monitored system
signals sent from the remote unit via the network link Fig.
6. The Proportional-Integral-Derivative (PID) controller
used is

de(t)
dt

where K, is the proportional gain; K| is the integral gain;
Kp is the derivative gain; r(t) is the reference signal for the
system to track; y(t) is the system output; and e(t) is the
error function. In our case, y = o is the motor speed, and
Upip(t) is the input voltage to the motor system.

t
Upp (D) = K e(t) + K, je(t)dt +K, (13)
0

1JCSI
www.lJCSl.org



IJCSI International Journal of Computer Science Issues, Vol. 7, Issue 4, No 9, July 2010 27

www.lJCSlL.org

elt) Uelt)

—b| E U }—pl Delayf lmses H Uy I { Miotor

yit) | Speed

it

Input Signal FID

Central Controllerto DC hator
Remote Unit delay/ loss &

Femote Unit to Cantral Comt roller delay)|mses

Fig. 6 ZN Tuned PID Controller for NCS

4. Simulation Setup and Results

In the simulation scenario, the direct structure of the
networked DC motor control system is simulated using
MATLAB/ SIMULINK  under fully controlled
environments for Fuzzy Logic Controller, PID Controller
and Fuzzy Modulated PID Controller. The motor Eq.(4)
and Eq.(5) are used as the main model, and it is controlled
by the fuzzy logic controller with the insertions of network
delays according to Eq.(8) and Eq.(9). The delays are
varied according to different effects of interests. The
disturbance and loss of input signal, control signal and the
feedback signal were made for few milliseconds at each
stage and the results were studied. The system setup is
illustrated in Fig.4, Fig.5 and Fig.6. Using Eq.(6), Eq.(7)
and table I, the state model of the dc motor is obtained.
Then the results of the FLC are compared with the PID
controller and fuzzy Modulated PID Controller.

Output Responses of the system are obtained for all
controllers used in this paper. Figure 7 shows the
comparison of the system performance for all controllers
without delays and data losses.

OuputResporse

T (ns)

Fig. 7 Comparison of System Responses for FLC, Conventional PID
Controller and FMPID Controller without delay and losses.

In Fig. 8 — 10 shows the response of the system for the
controllers with different network induced delays and the
comparison of these performances are tabulated in table 2.
In Fig.11 and Fig. 12 the system responses of all the
controllers with missing of input data and disturbances in
the input data are shown respectively. Similarly the system

response for missing of control signal, disturbances in
control signal, missing of feedback signals and
disturbance in feedback signals are shown in Fig. 13-16
respectively. Thus the system performance with data loss
in the input signal, control signal and feedback signal are
obtained. Finally the system responses with delay and data
losses are obtained as shown in the Fig.17. From the
simulation results obtained as in Fig.7-17, the overall
system performance with Fuzzy Logic Controller is
improved than the PID controller and fuzzy modulated
PID controller.

Output Response
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Fig. 8 Output Response of the System using PID Controller with varying
delays in forward and feedback path of NCS.
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Fig. 9 Output Response of the System using FMPID Controller with
varying delays in forward and feedback path of NCS.
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Fig.10 Output Response of the System using FLC with varying delays in

forward and feedback path of NCS.

Table 2. Comparison of performance of the networked dc motor control

system with delay in FLC, PID and FMPID Controller (Set
point = 1500 rpm; Sampling Time = 0.5ms)
Time delay (ms) Maximum Settling Time
overshoot (%) (ms)
Feed Feed | P | F| FLC | P F F
forward | back I | M I M L
path path | D | P D P C
I |
D D
0.5 1 33 -1 33 |30] 100 | 7
1 1 33 | -] 33 140 ] 110 | 8
2 2 6.6 | -| 33 | 62| 150 | 9
2 3 8 -1 33 [ 70| 180 | 9
3 2 9 -1 33 | 75| 190 | 9
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Fig.11 Comparison of system responses for missing of the input signal

using FLC, PID and FMPID Controllers.

Fig.12 Comparison of system responses for disturbance in the input

Fig.13 Comparison of system responses for missing of the control signal

Fig.14 Comparison of system responses for disturbance in control signal
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signal with FLC, PID and FMPID Controllers.
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Fig.16 Comparison of system responses for disturbance in feedback
signal with FLC, PID and FMPID Controllers.
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Fig.17 Comparison of system responses of FLC, PID and FMPID
Controllers with delay and losses.

5. Conclusions

Networks and their applications play a promising role for
real-time high performance networked control in industrial
applications. The major concerns are the network induced
delays and data losses that are provided by the network
which affects the performance of the networked control
systems. This paper has describes and formulates the
Fuzzy Logic Controller in a networked DC motor control.
The numerical result are obtained and compared for Fuzzy
Logic Controller, Fuzzy Modulated PID Controller and
PID Controller. The effective results show that the
performance of networked control DC motor is improved
by using Fuzzy Logic Controller than the other controllers
in all network variations and deteriorations. The analysis
on using intelligent controls improves and strengthens the
networked control systems concepts in the future.
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Abstract

Due to the limited processing power, and finite power
available to each sensor node, regular ad-hoc routing
techniques cannot be directly applied to sensor networks
domain. Thus, energy-efficient routing algorithms suitable
to the inherent characteristics of these types of networks
are needed. However highly efficient data centric model of
routing will improve the longevity of the network. This
paper describes a mechanism of improvisation through
simulation of existing feature of Rumor routing. The
improvised rumor routing algorithm handles node failures
and allows for tradeoffs between setup overhead and
delivery reliability.

Keywords: Rumor routing, flooding algorithm, spanning trees,
PROWLER

1. Introduction

Rumor routing [1] allows the routing of queries to nodes
that have observed an event of interest. As a result,
retrieval of data is based on events and not on an
addressing scheme. An event is an activity related to the
phenomena being sensed (e.g. increased movement in an
area being monitored). In this paper, events are assumed to
be localized phenomena which occur in fixed regions of
space. A query is issued by the sink node for one of two
reasons, as an order to collect more data, or as a request
for information. Once a query arrives at its destination,
data is issued to the originator of the query. Depending on
the amount of data (whether it is more or less) being issued
to the originator of the query, shorter paths from the source
to the sink are discovered. If flooding was to happen on a
regular basis, network resources would be consumed
quickly, thus Rumor routing was created to be an

alternative to flooding queries and events. When a query is
generated, it is sent randomly through the network until it
finds the event path instead of flooding it. When the query
finds the event path, it is routed directly to the event. Only
if the path cannot be found, it is flooded as a last resort.
Rumor routing can achieve a high delivery rate as will be
shown in the performance study.

Rumor routing uses agents, which have a limited life
determined by a TTL field; these agents create paths in the
direction of any events they may come across. If an agent
crosses a path to an event that it has not yet come across in
the network, it creates a path that leads to both events.

An event is an abstraction, identifying anything from a set
of sensor readings, to the node’s processing capabilities.
For the purpose of the simulation studies in this paper,
events are assumed to be localized phenomenon, occurring
in a fixed region of space. This assumption will hold for a
wide variety of sensor net applications, since many
external events are localized themselves. A query can be a
request for information, or orders to collect more data.
Once the query arrives at its destination, data can begin to
flow back to the query’s originator. If the amount of
returning data is significant, it makes sense to invest in
discovering short paths from the source to the sink.
methods such as directed diffusion [2] resort to flooding
the query throughout the entire network [4], in order to
discover the best path.

If geographic information is available, the best path is the
greedy shortest path, and does not require flooding [3][5].

2. Related Work

Here is a list of various protocols for WSN and they have
been developed in the view of overcoming the draw backs of
the traditional protocols.
[J SPIN [6][7] : Sensor Protocols for Information
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via Negotiation.

[J DDJ[2].: Directed Diffusion

(] RR[1].: Rumor Routing

[] GBR [8]: Gradient Based Routing.

[J CADR [9]: Constrained Anisotropic Diffusion

Routing.

[1 COUGAR [10]

[1 ACQUIRE [11]: ACtive QUery forwarding In

sensoR nEtworks.

[0 LEACH [12]: Low Energy Adaptive Clustering

Hierarchy.

[1 TEEN & APTEEN [13] :[ Adaptive] Threshold

sensitive Energy Efficient sensor Network.

[1 PEGASIS [14] : The Power-Efficient GAthering in

Sensor Information Systems [27].

[1 VGA [21]:Virtual Grid Architecture Routing .

[1 SOP [15] : Self Organizing Protocol

[] GAF [16]: Geographic Adaptive Fidelity.

[ SPAN[17]

[1 GEAR[18]: Geographical and Energy Aware

Routing

[1 SAR [19] : Sequential Assignment Routing.

[1 SPEED [20] :A real time routing protocol.

[J GAF [16]: Geographic Adaptive Fidelity.

[ SPAN[17]

[1 GEAR[18]: Geographical and Energy Aware

Routing

[1 SAR [19] : Sequential Assignment Routing.

[1 SPEED [20] :A real time routing protocol.

It can be seen that Rumor Routing is a compromise
between flooding event and flooding queries notifications.
The idea is to create paths leading to each event; whereas
event flooding creates a network-wide gradient field [8]. In
this way, when a query is generated it can be sent on a
random walk until it finds the event path; instead of
flooding it throughout the network .As soon as the query
discovers the event path, it can be routed directly to the
event. If the path cannot be found, the application can try
re-submitting the query, or as a last resort, flooding it.
Under a wide range of conditions, it is possible to achieve
an extremely high delivery rate [1].

3. The Algorithm Overview

The network is modeled as a set of densely distributed
wireless sensor nodes, with relatively short but symmetric
radio ranges. These nodes record unique events, and the
application needs to be able to route queries to a node that
has recorded a particular event.

A heuristic view of the rumor routing algorithm is
described below:

* A 2*2 matrix is used by the nodes to maintain a list of
the distances with their neighbors, as well as an events
table, with forwarding information to all the events it
knows. The neighbor list can be actively created and
maintained as and when required. All diagonal elements

are set to zero representing the distance of a node with
itself.

e The nodes in an event are realized and the event path
along with the length of the event path is determined and
stored elsewhere. As and when a node witnesses an event,
it adds it to its event table, with a distance of zero to the
event.

e The number of each node constituting the event is
stored in a suitable array for the agent to verify if the node
encountered is an event node during query transmission.

* Any node may generate a query, which should be
routed to a particular event. If the node has a route to the
event, it will transmit the query. If it does not, it will
forward the query in a random direction. The forwarding is
done along a minimum spanning graph using a suitable
algorithm, until the agent encounters an event node. As
soon as the event node is encountered the remaining length
of the event path is added. This continues until the query
TTL (Lq) expires, or until the query reaches a node that
has observed the target event.

* If the node that originated the query determines that
the query did not reach a destination, it can try
retransmitting, give up, or flood the query. Retransmission
is a risk, but the chance of delivery is exponential with
the number of transmissions. Hopefully only a very small
percentage of queries would have to be flooded.

4. The Simulation Details

PROWLER - Probabilistic Wireless Network Simulator
V1.25 was used for simulation with a test bed of 100
sensors placed in a matrix of 10X10 sq units, here the
Spanning tree formation is based on randomly distributed
network. The list of assumptions made while running the
simulation on PROWLER-V1.25 :

1. Each node has the following fields in the routing table
XID: The identifier of the neighbor.
InLink: Quality of the directed link (XID — ID)
OutLink: Quality of the directed link (ID — xID)
Hop: the hop-number of mote XID
Note: Each node is assigned with unique ID, hop
number (initially NaN except the root node where
its zero)

2. Each node wakes up periodically and transmits its ID,
hop number, and table data .Upon receipt of message
from node i ,node j updates its own table

+ Updates the InLink property of i.
* Updates the Hop property of i.
* Updates the OutLink property of i, if the
received table contains information about
(the InLink value is used).
3. Each nodes transmits the table data with certain finite
probability. The transmission probability is the
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function of design parameter and the content of the
table.
1. Initially p=P/8.

2. For all the nodes with a hop-number
NaN, p=P/8.

3. If the hop-number of the node

changes, p is set to P.

4. If a mote j receives a message from
node i, indicating that i has no
information about j, but j has a good
InLink property of i, then node j
sets p=P

5. After each transmitted message
p=p/2.

Using the above considerations the spanning tree
algorithm was run on the test bed, the following are
the performance graphs obtained:
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Fig 1: Performance graph for Spanning Tree Algorithm

Using the same considerations as above the flooding
algorithm was simulated and the performance graph was
as obtained:
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# of receiving nodes
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Fig 2: Performance graph for Flooding Algorithm

From the above two cases the interpretation can be made
as in case of spanning tree algorithm the percentage of
receiving nodes are less as compared to the flooding
algorithm with respect to transmission probability. The
settling time increases when the transmission probability is
increased for flooding algorithm but the variation of
settling time is seen for spanning tree algorithm. This
condition indicates high congestion probability and power
expense in flooding algorithm than spanning tree
algorithm.

4. Conclusions

It may be safely concluded that the spanning tree protocol
can be used for event —query information dissemination
throughout the static network more efficiently than the
existing flooding algorithm. Only problem with spanning
tree is that the nodes farther from the root node cannot be
linked to the closest nodes due to the additional
constraints.

4. Scope for Future Work

The simulator PROWLER V1.5 used here never
accounted for the battery model used for this WSN.
Hence to obtain more detailed analysis NS-2 should
be used.

References

[1] Braginsky, D. and Estrin, D. “Rumor Routing algorithm

for Sensor Networks”, WSNA 2002.

[2] Intanagonwiwat, C. Govindan R. and Estrin, D.
Directed Diffusion: A Scalable and Robust
Communication Paradigm for Sensor Networks. In
Proceedings of the Sixth Annual International
Conference on Mobile Computing and Networks
(MobiCOM 2000), August 2000, Boston,
Massachusetts..

[3] Karp, B. and Kung, H.T. GPSR: Greedy perimeter
stateless routing for wireless networks. In Proceedings
of the ACM/IEEE International Conference on Mobile
Computing and Networking, pages 243-254, Boston,

Mass., USA, August 2000. ACM.

[4] Lin, M. Marzullo, K. Masini, S. Gossip versus
deterministic flooding: Low message overhead and
high reliability for broadcasting on small networks.

UCSD Technical Report TR CS99-0637.
http://citeseer.nj.nec.com/278404.html

[5] Xu, Y. Heidemann, J. Estrin, D. Geography-informed
Energy Conservation for Ad-hoc Routing. In
Proceedings of the Seventh Annual ACM/IEEE
International Conference on Mobile Computing and
Networking (ACM MobiCom), Rome, Italy, July 16-

1JCSI
www.lJCSl.org



IJCSI International Journal of Computer Science Issues, Vol. 7, Issue 4, No 9, July 2010 34

www.IJCSILorg

21,2001.

[6] W. Heinzelman, J. Kulik, and H. Balakrishnan: Adaptive
Information Dissemination in Wireless Sensor Networks,
Proc. 5th ACM/IEEE Mobicom, Seattle, WA, pp. 17485
(Aug. 1999).

[7]1 J. Kulik, W. R. Heinzelman, and H. Balakrishnan:
Negotiation-Based Protocols for Disseminating
Information in Wireless Sensor Networks, Wireless

Networks, vol. 8, pp. 169-85 (2002).

[8] C. Schurgers and M.B. Srivastava: Energy
efficient routing in wireless sensor networks,
in the MILCOM Proceedings on
Communications for Network-Centric
Operations: Creating the Information Force,
McLean, VA (2001).

[9] M. Chu, H. Haussecker, and F. Zhao:

Scalable Information-Driven Sensor Querying
and Routing for ad hoc Heterogeneous Sensor
Networks, The International Journal of High
Performance Computing Applications, Vol. 16,
No. 3 ( August 2002).

[10]Y. Yao and J. Gehrke: The cougar
approach to in network query processing in
sensor networks, in SIGMOD Record
(September 2002).

[11]N. Sadagopan et al.: The ACQUIRE
mechanism for efficient querying in sensor
networks, in the Proceedings of the First
International Workshop on Sensor Network
Protocol and Applications, Anchorage, Alaska
(May 2003).

[12]W. Heinzelman, A. Chandrakasan, and H.
Balakrishnan: Energy-efficient communication
protocol for wireless sensor networks, in the
Proceeding of the Hawaii International
Conference System Sciences, Hawaii ( January
2000).

[13] A. Manjeshwar and D. P. Agrawal: APTEEN: A
Hybrid Protocol for Efficient Routing and
Comprehensive Information Retrieval in
Wireless Sensor Networks, in the Proceedings
of the 2 nd International Workshop on
Parallel and Distributed Computing Issues in
Wireless Networks and Mobile computing, Ft.

Lauderdale, FL (April 2002).

[14] S. Lindsey and C. S. Raghavendra: PEGASIS:
Power Efficient GAthering in Sensor
Information Systems, in the Proceedings of the
IEEE Aerospace Conference, Big Sky, Montana
( March 2002).

[15] L. Subramanian and R. H. Katz: An
Architecture for Building Self Configurable
Systems, Proc. IEEE/ACM Wksp. Mobile Adhoc
Net. and Comp., Boston, MA ( Aug. 2000).

[16] Y. Xu, J. Heidemann, and D.

Estrin:Geography- informed energy
conservation for Ad-hoc routing, in the
Proceedings of the 7th Annual ACM/IEEE

International Conference on Mobile
Computing and Networking (MobiCom’01),
Rome, Italy ( July 2001).

[17] B.Chen et al., “SPAN: an Energy-efficient
Coordination Algorithm for Topology
Maintenance in Ad Hoc Wireless Networks”;
Wireless Networks, vol. 8, no. 5, pp. 481-94,
(Sept. 2002).

[18] Y. Yu, D. Estrin, and R. Govindan:
Geographical and Energy-Aware Routing: A
Recursive Data Dissemination Protocol for

Wireless Sensor Networks, UCLA Computer
Science Department Technical Report,
UCLA-CSD TR-01-0023 ( May 2001).

[19] K. Sohrabi and J. Pottie: Protocols for
Self- Organization of a Wireless Sensor
Network, IEEE Pers. Commun., vol. 7, no. 5, pp.
16-27 (2000).

[20] T. He et al. :SPEED: A stateless protocol for
real-time communication in sensor networks,
in the Proceedings of International
Conference on Distributed Computing
Systems, Providence, RI ( May 2003).

Chiranjib Patra Mr Chiranjib Patra is Lecturer in the IT
Department of Calcutta Institute of Engineering and Management
Calcutta. His field of research includes,Artificial Neural Networks,
WSN,and Soft Computing. He has published around 2 papers in

international journals/conferences. .

Parama Bhaumik. Dr. Parama Baumik is Assistant Professor in
the IT Department Jadavpur University.Her field of interest
includes WSN and Soft computing.

Debina  Chakroborty Ms Debina  Chakroborty is

B.Tech(Computer Science and Engineering) final year student at
Calcutta Institute of Engineering and management, Calcutta.

1JCSI
www.lJCSl.org



1JCSI International Journal of Computer Science Issues, Vol. 7, Issue 4, No 9, July 2010 35

ISSN (Online): 1694-0784
ISSN (Print): 1694-0814

Implementation of ‘Habit sensitive login system’
An approach to strengthen the login security

Nishikant C Dhande
School of Commerce and Management Sciences,
Swami Ramanand Teerth Marathwada University, Nanded
Maharashtra India

Abstract
Providing reliable security to the com puter user wi thout
overstepping any of t he pri vacy rel ated issues is the
biggest challenge faced by = the com puter technologists
now a day. An attempt is made herein to tailor a so lution
based o n th e p ersonality featu res o fan individual as a
factor of identification and authentication. The traditional
approach based on veri fication of t he username and t he
password is insufficient. Hence, a new approach is needed
to be introduced so as t o make the existing login process
more secure. To achieve the goal one can use the
advantages of dat a m iningt echniques as wel las the
algorithms similar to the apriori algorithm. The suggest ed
method is based on det ection of i ntrusions at the time of
logon. The sy stem so desi gned; not only by veri fies the
username and password but  al so veri fiest he user’s
behaviori ncom parison wi tht he ‘recorded normal
behavior’ of t he user. The experi ments carried herein are
fruitful i nrecogni zingt he user by their ‘habits as
behavior’. And hence the system based on the approach is
practicable in real sense.
Keywords: security, user behavior, habit,
algorithm, data mining, intrusion detection.

apriori

1. Introduction

Providing good securi ty to the user wi thout overstepping
any of privacy related issues is the biggest challenge faced
by the computer technologists now a day. Although there
are m any opt ions avai lable,t he objections and the
controversy follow with the i nvention hand i n hand. A
very recent issue is of the s ecurity system introduced and
implemented by ‘Google’ ba sed on ‘Face Identification’
technique. Thi s t echnology i s hot debat ed and st rongly
argued world wide as a m ove against the privacy of t he
user.

An attempt is made herein to tailor a solution based on the
personality features of individual as a facto ro f
identification and authentication.

1.1 Problem Definition

The present avai lable securi ty methods are based ont he
traditional login system th at allo ws ‘au thentic’ (n ormal)
user to gain access to his/ her account after providing the

‘username’ and ‘password’. The t raditional approach is
insufficient with referen ce to th e secu rity p rovisions.
Hence, a new approach is needed to be introduced so as to
make the existing login process; more secure. To achi eve
the goal one can uset he advant ages of dat a m ining
techniques as well as the algorithms similar to the apriori

algorithm®.

Research Objectives and Hypothesis

To perform the research on th e issue, following objectives
are decided

1) Tost udyt he present Int rusion Detection
Systems (IDS).
2) Identify limitations of IDS.
3) Design and develop new logon system.
4) To test and evaluate the performance of
newly designed IDS.
To im plement the system following assum ptions are
made-

1) Hypothesis 1 Hy — User’s behavior can be detected
inthe forms of ‘events’ as a series o f the activities
carried by the user as a habit.

2) Hypothesis 2 Hy— Anomaly if any, can be detected
by studying the behavior of the user with the help of
the Data Mining Techniques.

3) Hypothesis 3 Hy —The sy stem based on t he new
approach helps to solve probl em of i ntrusion at
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logging in process by providing more security to the
authentic user.

1.3 Research Strategy-Design and Creation

According t o t he research methodology ! “Design and
Creation” is carried out in this research attempt. It focuses
on devel oping new IT product which is also called as
“artifacts”. Types of IT artifacts such as [March & Smith,
1995] Constructs, Models, Methods such as Soft System s
Methodology (Checkland & Scholes, 1990) or Information
Engineering (Martin, 1989), Instantiations.

In general, the research fo focuses
mainly on-

r the IT application

1. IT applicationthatusesITi nanew domain,
which has not previously been automated.

2. IT applications that incorporate ~ a new theory,
which may be drown from other discipline.

3. IT appl ication t hat expresses or explores novel
artistic ideas.

While searching for exploration of new ideas, an approach
is accepted by com bining various data mining techniques.
For tailo ring th e so lution to th e p roblem o fsecu rity
regarding authentication and prevent ion from any
unauthorized access techniques such as association,
clustering in the Intrusion Detection System at login time
are prefered.

The tools used here are the Vi sual Basic and the data base
for t he veri fication of t hei deaand to find out the
feasibility of the implementation of the idea.

This act ivity focuses on desi  gning of an improved
Information System (IS). Thi s kind of approach was not
been taken earlier for det ecting t he anom aly using dat a
mining. It isan at tempt towards design and creation of
new IS product to give good securi ty to the user at the
time of the user login for any system!*).

1.4 The Method suggested for the
implementation of the idea:

The suggested method is based on det ection of i ntrusions
at the time of logon. To achieve this, the system designed
not onl y veri fies t he usernam e and password but  also
verifies t he user’s behavi ori n com parison wi tht he
recorded normal behavi or of t he user (or profi le). The
behavioral practices and t he habits displayed by the user
are to be recorded and stor  ed in to th e d atabase. Th e
database is updated time to time. The behavi or refers t o
“the sequence of events/actions that are performed
intentionally and/or unintentionally by the user at the
time logon process”. From this, the behavioral profile,

event sequence set t hat cont ains one or m ore of such
events is obtained for the normal user.

The out put of t he proposed sy stemisthe sequence of
events; term ed as eventsequence detained from user at
logon time. On this eventsequence, Apriori Algorithm is
applied so as t o obtain the *“strongest association rule(s)
between most frequently occurring events”. The system
so designed t hus m akes i t possi ble for 1 eadingt ot he
decision ‘whether or not to allow access permission to
user’ for t he sessi on furt her. The deci sion i st aken by
comparing current user’s events/actions that are generated
at the time of each logon with the strongest rules produced
from p rofile d atabase by th e alg orithm. In this way, the
proposed system becom es capabl et o det ecti ntruder
before logon into the system.

1.5 Normal User’s Profile Database

Of course, to achieve the goal in this regard, one has to
have proper record of t he norm al user’s behavi or. Thi s
record is treated as the prof  ile of t he user constructed
using database software MS-Access. This profile of t he
user contains the attributes such as — UserID, Username,
Password, Event sequence string, Session time. The
very first table created for the purpose is-

Table Name: tlbUserMaster which is used to store the
information of the user like User ID, User Name and
Password. The primary on at tribute UserID i s applied to
uniquely identify user. Following table shows the structure
of tIbUserMaster table

Table-1: User Master Table Structure

Attribute Data Size/ _—
Forma | Description
Name Type t
UserID User ID tq 1d.ent1fy
. Number In  teger | each user distinctly or
(Primary Key) .
uniquely.
Name of the user that
UserName T ext 15 hastopr ovide at
Logon Time.
Key (Complex String)
UserPassword T | ext 10 in encrypted ~ format

used to gain access
into the system.

(Source: System design suggested by Dr. N.C.Dhande)

Table Name: tIbNormalUserProfile : This table is u sed
to store the behavior of the normal user at logon time
for exam ple, events/actions generated by the user
(normal/anomaly) at the logon time. This table is referred
by the table tiIbNormalUserProfile
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Table-2: Normal User’s Behavioral Profile Structure

S Attribute Data Size/ Descrintion
N Name Type Format P

This field is refers
1 UserID Number i teger the f ield UserID

from the table
tlbUserMaster.

(Foreign Key)

Used to store the
events gener  ated
intentionally or
unintentionally at
logon time.

2 EventSequence T ext 50

3 LogonTime Date/ Medium | Used to stor e login
& Time Time time of user.
Used to store time
(in Seconds) spend
4 SessionTime Nym  ber | Integer | by the user at the

time of logon
process.

(Source: System design suggested by Dr. N.C.Dhande)

1.6 Proposed Method - Design and layout

While implementing the idea of detecting the unauthorized
user, the suggested sy stem is desi gned with the VB and
Access combination. The prepared 1ogon form using VB
accepts the username and password inputted by the logger,
the system also simultaneously records the
actions/events those are generated at logon time by the
current user who may be a normal user or an anomaly.
Also it calcu late the time used up by the current userin
logon process.
Figure-1: Proposed Logon Form that record

Normal User’s Behavior

Authentication :

% Enter User Name and Password for Authentication ...

User Name :
Password :

oK | I Exit |

(Source: System design suggested by Dr. N.C.Dhande)

The designed logon form is provided to the user to record

his/her behavior at the time of 1ogon process. As stated in

the suggested method — the behavior means, “set of events
that generated purposely or acci dentally when user trying
to logon”. While doing it, the user has t o enter username
ication for

and password. The appl proposed method

records the events perform  ed by t heuserand  also
calculates the time taken by the normal user to logon as a

normal process.

In th is way th e seq uential set o f events is now made
available in EventSequence field that is obtained from the
application of the designed system. The application of the
Association Rules of the Apriori Algorithm!* on these set

of events gives the output so as to establish an association.

1.7 Verification of the facts on implementation:

Description: The usernam e, password and behavi  or
detained by the application and are th en transferred in to
table. The normal user’s sam ple behavi or recorded by

applicationi sgi veni nt he following table.

Table-3: Normal User’s Recorded Behavior at Logon

User User User Event Logon Session
ID Name Password Sequence Time Time
101 Nishikant Nishi#123 E1,E2,ES 12:45 PM 9
101 Nishikant Nishi#123 E2,E4 11:57 AM 6
101 Nishikant Nishi#123 E2,E3 12:35 PM 7
101 Nishikant Nishi#123 E1,E2,E4 12:05 PM 6
101 Nishikant Nishi#123 E1,E3 10:11 AM 8
101 Nishikant Nishi#123 E2,E3 12:40 PM 6
101 Nishikant Nishi#123 E1,E3 11:50 AM 9

Nishikant Nishi#123 E1,E2,E3.,E
101 s 12:03 PM 7
101 Nishikant Nishi#123 E1,E2,E3 11:42 AM 7
Nishikant Nishi#123 E1,E2,E3.,E
101 10 03:00 PM 27

(Source: System design sugggested by Dr. N.C.Dhande)

To illustrate it more the graph of the events recorded
is shown in the figure given ahead. =~ On each of the

event of t he 1 ogging in sessi on, t he session time is
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recorded and the same is further used to interpret the

behavioral pattern of the user at the time of the login.

Graph 1: Graphical Representation of Normal User’s

behavior Recorded by the Application

57 T Weeenll
BEvent?

mEventd

BEventd
BEventy
15 4
- m Events

B Event?

10 1 uEventd
| s Eventd
B Eventl0

d LI L L s .LLL]IJ“ B

Lagin - Login - Ingin - Iogin - lngin - lagin - Ingin - Ingin - logn - Tagin -
1 1 E 4 5 3 7 H g plo

(Source: System design suggested by Dr. N.C.Dhande)

Graph 2: Graphical Representation of Normal User’s

SessionTime/Login

Session Time Per Login
an

3

20

N~

LORIN -1 LOIN -2 LORIN -3 LORIN -4 LORIN -5 LORIN -6 LORIr -/ Login -8 Login -9 Logi - 10

(Source: System design suggested by Dr. N.C.Dhande)

Graph 3 : Graphical Representation of Normal User’s
LogonTime/Login

Logon Time Per Login

12

Login -1 Legin -2 Login -3 Login -4 Logn -3 Login -6 Login -/ Login -3 Logn -9 Legin - 10

(Source: System design suggested by Dr. N.C.Dhande)

The Graph 1 shows the Normal User’s behavi or at logon
time with respect to sessio n tim e th at m eans tim e (in
second) spent by the user at each logon process. From this
it clears that for t he first nine logon processes t ime taken
by the user is in between 6-9 seconds hence average value
for session time will be 7.22 and normal deviation ranging
from -1.77778 t 0+1.22222. W hilei nt he last logon
process user takes 27 seconds to log-on. Similarly, Figure-
10 shows average logon time for first nine logon processes
is 12:21 PM. While in the last logon process tim e will be
3:00 PM . Also occurrences of backspace key ensure
that E10 user trying to logon in the last logon process
may be anomaly upt o som e ext ent hence deviation
occurred at three levels and hence denied current user at
first level to gain access to the system. And once again has
to verify the current user with some other parameters.

1.8 Conclusion:

Thoughi ti sdi fficultt ogi veat otal securel ogin
procedure usi ng t raditional m ethods, a new approach
based on identification of the user beyond the user name
and password is a successful attempt towards achieving
the design of a total secure logging process (TSLP). The
experiments made herein are frui tful in recognizing the
user on t heir habits as behavi or. Hence it is clear that,
user behavior can be det ected in the forms of ‘event s°,
‘Anomaly’ can be det ected by on behavi or using Data
Mining Techni ques and a sy stem based on the new
approach can provi de more security to the authentic
user. The system based on the approach is practicable in
real sense and can be attach ed as a m iddleware with the
‘key operated interface system’ like internet, ATM, etc .
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Abstract

H.264/AVC, the newest international video coding standard
achieves higher compression efficiency as compared to all
other existing coding standard such as MPEG-4 and H.263.
However this efficiency comes with a dramatic increase in
computational complexity due to several advanced
techniques, such as inter mode and intra mode prediction
with variable size motion compensation. It adopts rate
distortion optimization (RDO), while maximizing visual
quality and minimizing the required bit rate. In this paper,
we propose a fast inter mode selection algorithm. The aim
is to reduce the number of modes in intra and inter mode
prediction. Experimental results show that this algorithm
reduces the total encoding time with little loss of bit rate
and visual quality.

Keywords-H.264/A VC, rate distortion optimization

(RDO), inter-mode prediction, intra-mode prediction.

1. Introduction

H.264/AVC 1is a transform based, block-based,
motion compensated video format jointly developed
by the International standards organization (ISO)
Moving Picture Expert Group (MPEG), and
Telecommunication standardization Sector (ITU-T).
H.264/AVC is composed of many advanced video
coding techniques. The main goal of this
standardization  effort has been  enhanced
compression, provision of network-friendly video
representation addressing both ‘conversational’
(video conferencing, video telephony) and ‘non-
conversational’ (storage, broadcast or streaming)
applications. H.264/AVC encoder has 5-10 times
computation complexity compared to MPEG-2. This
makes it a must to reduce the computational
complexity of algorithm in H.264/AVC.

For Inter-frame prediction, the H.264 encoder
performs motion estimation of blocks with variable
sizes, such as 16x16, 16x8, 8x16, and 8x8, for each
16x16 macroblock[9][4]. In the case of 8x8 block,
the macroblock is divided into four 8x8 blocks and
each of these 8x8 blocks can be encoded into
8x8,8x4,4x8, or 4x4 blocks, as shown in fig.1.

15 8 g
0 0 1
15 1] a 1
1 2 3
16216 Bxif 168 2]

Macroblock partitions: 16x16, 8x16, 16x8 and 8x8

16 4 1
u] u] 1
s u] 0] 1
1 2 5
B8 B Bk 88

Submacroblock partitions: 8x8, 4x8, 8x4 and 4x4.

Fig.1.Macroblock and Submacroblock partitions.

H.264/AVC supports various techniques among
which intra-mode and inter-mode prediction mostly
contribute to the coding efficiency. The Rate
Distortion Optimization (RDO) mechanism is used to
select the best coding mode among all of the block
modes[6][7].However, the computational complexity
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of the RDO technique is extremely high since the
encoder has to encode the target block by searching
all possible modes for the best mode. Therefore there
is an obvious need for reducing the amount of modes
that are evaluated in order to speed up the encoding
and hence to reduce the complexity of the encoder.

2. Intra-And Inter Prediction for
H.264/AVC

H.264/AVC defines two coding modes which are
intra-frame coding and inter-frame coding. Intra-
frame coding supports two classes which are Intra
4x4(14MB) and Intra 16x16(/16MB). Intra-prediction
is based on the observation that adjacent macroblocks
tend to have similar properties. When the subsequent
frames of the video sequence have comparably large
difference among them, Intra coding [1] is selected.
For prediction of 4x4 luminance blocks, the 9
directional modes consist of a DC prediction (Mode
2) and 8 directional modes: labeled 0,1,3,4,5,6,7, and
8 as shown in Fig. 2, the block (values of pixels “a”
0 “p”) is to be predicted using A to Q. The pixels
“A” to “Q” from neighboring blocks have already
been encoded and may be used for prediction.

m n

Fig.2.Labelling and direction of intra-prediction modes.

For regions with less spatial details(i.e. flat regions),
H.264/AVC supports 16x16 intra-coding; in which
one of four prediction modes[2] (DC, vertical,
horizontal, and planer) is chosen for the prediction of
the entire luminance component of the macroblocks
as shown in Fig. 3.

O (vertical) 1(horizontal) 2(DC) 3 (plane)

v V| - W) Mean{HsV) Vi

%

=

Fig.3.Intra 16x16 prediction modes.

Inter-frame selection supports the following modes:
SKIP, 16x16, 16x8, 8x16, 8x8, 8x4, 4x8, and 4x4.
The mode decision is made by choosing the mode
having minimum RDO[10] cost.

41

J(s, ¢, MODE|QP, Amode) = SSD(s, ¢, MODE|QP) +
Mvope R(s, ¢, MODE|QP) ()

Where QP is the quantization parameter of the
macroblock, J(s, ¢, MODE|QP, Z,04) is the mode
cost, Apoge = 0.85x2€F 1253 s the Lagrangian
multiplier[3], and MODE indicates a mode chosen
from the set of macroblock modes: {SKIP, 16x16,
16x8, 8x16, 8x8, 8x4, 4x8, 4x4, Intra 4x4, Intra
16x16}, R(.) represents the rate i.e. the number of bits
associated with chosen MODE, SSD denotes the sum
of squared differences between the original block s
and its reconstructed signal ¢, computed as,

SSD(s, ¢, MODE|QP) = [x, y]-Cyl[x,

¥, MODE |QP])® [x, y]-Cu[x, y,

MODE |QP]) *+ [x, y]-Cv[x, y, MODE
IQP])* ()

Where c,(x, y, MODE|QP) and s,(x, y) represent the
reconstructed and original luminance values; ¢, c,
and s, s, indicates the corresponding chrominance
values.

3. The Proposed Improvement of Fast
Mode Selection Algorithm

The proposed algorithm of mode decision analyzes
texture of an image and the motion characteristics for
choosing a group of effective predicting modes to
reduce the searching modes.

The texture characteristics of the current macroblock,
the definition of variable ¥, which is complexity
level of the texture for the current macroblock can be
found as:

A
Var =

Slren-——33 r@y @

x=0 y=0 A * B x=

) y=

In the above equation, f{x, y) is a pixel of (x, ), 4 and
B are used to calculate the block size of variable V,.
A macroblock with well-proportioned texture, V. is
very small. If V,,. is less than threshold ., which is
a given threshold in the experiment shows that the
current macroblock belongs to flat background. For
which 16x16 inter-frame coding mode is selected for
motion estimation and motion compensation rest of
all other coding mode. If W er<Vir< Winers, then it
shows that the macroblock belongs to complex area.
So the Inter-frame coding mode such as 16x16, 16x8,
8x16, 8x8 is selected. Otherwise if V,> Wiy the
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current macroblock belongs to motion area, and small
inter-frame mode[8] such as 8x8, 8x4, 4x8, 4x4 are
selected.

The two parameters of texture direction which are
horizontal texture direction D, and vertical texture
direction D,,, are also calculated. D, and D,,, are
calculated as follows:

£

-1 B-1

2
Du=NN[f(,»)-f(x-1Ly)] @

x=1 y=0

1 B-1 2
Q@)= fxy-n] 6O

A-
x=0 y=1

Dver =

The steps of implementation of the proposed
algorithm are as follows:

1. First we compute the variable through equation

3).

2. If V< Winsers» it shows that the current macro block
belongs to background area. So mode SKIP is
selected .Then equation V,,< W;y.,> 1s checked, if it is
satisfied, it indicates that the current macroblock
belongs to complex background area. If not satisfied
then the current macroblock is motion area.

3. Dy, and D,,, is calculated using eqn. (4) and (5)
respectively.

4. Mode selection should chosen according to the
estimation of Dy, and D,,, ,if D;.,>D,.,, then mode
16x16, 16x8 should be selected, otherwise mode
16x16, 8x16 should be the best choice. If D,,>D,,,
and is in the motion area then mode 8x8, 8x4, 4x4,
INTRA 4x4, INTRA 8x8 should be selected,
otherwise mode 8x8, 4x8, 4x4, INTRA 4x4, INTRA
8x8 should be selected.

5. Rate Distortion Cost of all modes in the coding
mode are calculated, and the mode which has
minimal Rate Distortion Cost is selected.

4. Expected Results

H.264/AVC reference software JM 11[7] is applied
to validate the efficiency of the proposed fast
algorithm. The international standard sequences,
which are QCIF video sequences i.e. Foreman,
Salesman, Container and Coastguard, are used for
simulations.
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The test condition [1] is shown in Table I. For
simulation we used recommended sequences with
various quantization parameters, i.e. QP = 28, OP =
32, QP =36, QP = 40.

The ABit, ATime and APSNR were used for the
performance evaluation.

T,ris the coding times used by JM11 [7] encoder and
Tyroposea b€ the time taken by the proposed algorithm.
The ATime% is defined as:

Timeproposed—Timeref

ATime% = x 100

Timeref

Also the ABit value is defined as:

Bitproposed—Bitref

ABit% = -
Bitref

x 100

APSNR = PSNR roposed — PSNR o

Table I. Simulation Parameter

GOP IPPP
Codec IM11
MvSearch Range 16
QP 28,32,36,40
Transform Hadamard Transform
ProfileIDC 66,30
Coding Method CAVLC
RDO Enabled
Size QCIF

The experimental results are shown in Table II. From
Table we can see that the proposed algorithm reduces
the encoding time by 81.91% for slow motion videos
and 64.2% for fast motion videos.

Table II. Simulation Results for IPPP Type Sequences

Video ATime | APSNR(d | ARate
Sequences % B) %
Container_qcif.yu -82.70 -0.02 0.32
v
Salesman_qcif.yu -79.19 -0.01 0.83
v
Foreman_qcif.yuv -66.45 -0.10 1.30
Coastguard qcifly -59.63 -0.08 1.34
uv
5. Conclusion

The algorithm of mode decision is key to image
compression. The full search algorithm is too
complex. A fast mode selection algorithm for
H.264/AVC is proposed, which is based on image
texture analysis with a simple algorithm to decrease
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the computational complexity. The experiment
results show that the fast mode selection algorithm
can increase the calculating speed of H.264/AVC
coding greatly, which is helpful for real time
application of H.264/AVC coding standard.
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