
 

 

 
Abstract—Perception reaction time of drivers is an outcome of 

human thought process, which is vague and approximate in nature 
and also varies from driver to driver. So, in this study a fuzzy logic 
based model for prediction of the same has been presented, which 
seems suitable. The control factors, like, age, experience, intensity of 
driving of the driver, speed of the vehicle and distance of stimulus 
have been considered as premise variables in the model, in which the 
perception reaction time is the consequence variable. Results show 
that the model is able to explain the impacts of the control factors on 
perception reaction time properly. 

 
Keywords—Driver, fuzzy logic, perception reaction time, 

premise variable.  

I. INTRODUCTION 

RIVERS take a very small time to understand the 
situation and take appropriate decision regarding 

overtaking, following other vehicles/s or stopping his/her 
vehicle. This time is called perception reaction time. This 
varies with the intensity and experience of driving, driver’s 
age, distance of stimulus (generally, other vehicles) and speed 
of the vehicle, road edge, rotaries etc. The behavior of a driver 
can be explained in terms of his/her physiological and 
psychological characteristics. Both of these characteristics are 
interrelated and play a vital role in the perception reaction 
time of a driver. 

Perception reaction time is an important factor while 
designing a road transportation infrastructure or a road 
transportation management facility. The economy of 
construction is greatly affected by perception reaction time. 
For example, considering the design of a vertical curve, the 
curvature of the same depends upon perception reaction time 
and the economy of construction depends upon the curvature. 
Hence, it can be said that to develop a safe, economical and 
reliable road transportation system, proper understanding of 
perception reaction time is highly essential. 

An essential feature of human driving is a considerable 
reaction time, which is a consequence of the physiological 
aspects of sensing, perceiving, deciding, and performing an 
action [1]. This complex reaction time is of the order of 1 s 
and varies strongly between different drivers (with different 
age, gender), different stimuli, and different studies [2]. The 
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reaction time depends on the driving tasks and individual 
driver characteristics [3]. Driving tasks include car-following, 
lane-change, left-turn, and right-turn tasks [4]. Driving skills 
and driving style, or in other words, driver performance and 
behavior [5] are the two main components of human factors in 
driving.  

The behavior of a driver is highly uncertain because a driver 
makes his/her decision based on the uncertain information 
he/she obtains from the environment. For example, an 
accelerating driver is not aware of the exact distance headway 
and by pure guess he judges the distance headway, but in most 
of the cases his/her judgment is correct and he/she safely 
pursues his/her journey. The conventional mathematics and 
probability will not be able to explain this kind of traffic 
scenario. It will be effective and convenient if the factors 
influencing the behavior of a driver are expressed in terms of 
linguistic variables. This work is intended to understand the 
variation of perception reaction time of drivers with age, 
experience, intensity of driving, speed and distance of the 
stimulus. 

II. PREFACE TO THE PRESENTED MODEL: REVIEW STAGE 

Before describing the presented model, it is necessary to 
explain about perception reaction time and stimulus.  

A. Perception Reaction Time 

The time required by a driver to react for a stimulus is 
called as perception reaction time. Driver reaction time is 
defined as the summation of perception time and foot 
movement time by earlier car-following research [6]. In this 
work Hopper McGee chain model of perception reaction time 
[7] will be considered. According to this model the perception 
time is divided into four components, typical values of the 
components of the perception time are given in Table I. 

 
TABLE I 

VARIOUS COMPONENTS OF PERCEPTION TIME (ADAPTED FROM [7]) 

.no Component Time(sec) 

1. Latency 0.31 

2. Eye movement 0.09 

3. Fixation 0.2 

4. Recognition 0.5 

B. Stimulus 

Stimulus is an object or an event that influence behavior. 
The stimulus may be a parked car, an accelerating car, a road 
sign, an obstruction on the road, pedestrians and road features. 
The behavior and the decision of the driver greatly depend 
upon different stimuli. 

U. Chattaraj, K. Dhusiya, M. Raviteja 

Fuzzy Inference Based Modelling of Perception 
Reaction Time of Drivers  

D 

World Academy of Science, Engineering and Technology
International Journal of Computer and Information Engineering

 Vol:11, No:1, 2017 

8International Scholarly and Scientific Research & Innovation 11(1) 2017 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 C
om

pu
te

r 
an

d 
In

fo
rm

at
io

n 
E

ng
in

ee
ri

ng
 V

ol
:1

1,
 N

o:
1,

 2
01

7 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/1
00

06
02

2.
pd

f



 

ca
dr
eq
co
na
fa
lin
to 
va
in
ar
su

co
in
ar
fu
M
an

fa
un
fa
m
th
a) 
b)
c) 
d)
e) 

It 
de
ad
a g

th
ab

In the presen
apture vague 
riving. In an 
quation) we 
onnected to a 
ature of the e
shion), to mo
nguistic factor
 some other

ariable) throug
dependent var

re there nam
ubsections vari

A. Fuzzy Infe

A fuzzy infer
onsequence v
stances of the

re called input
uzzy inference

More details on
nd [9]. 

 

Fig. 1 F

B. Linguistic 

Reaction tim
ctors. It can 

nique feature. 
ctors that affe

made to unders
e drivers, whi
 Age 

) Experience
 Intensity of

) Speed  
 Distance of

1) Age 

Generally the
is well know

epends on his 
dequately dete
gap. 
An indirect a
e driver. By 

bility of the dri
The linguisti

III. PROPO

nted model, fu
and imprecis
ordinary mat
have one o
dependent va

equation. In th
odel any vagu
rs (named as 
r linguistic 
gh some rule
riables, variou

med as inpu
ious parts of th

erence System 

rence system 
variable conne
e premise var
t conditions a
e system cons
n fuzzy infere

Fuzzy inference

Variables (Pr

me of a driver
be stated tha
It is really har

ect the traffic f
tand the varia
ch are listed a

e 
f driving 

f the stimulus 

e visual capaci
wn and prove

visual ability
ect, perceive a

approach is us
considering a
iver is capture
ic variable, a

OSED MODEL 

uzzy inference
se nature of h
thematical m

or more inde
ariable throug
he same line 
ue and imprec
premise varia
factor (name
s. Similar to 
us instances o

ut condition. 
he model are d

consists of pr
ected by som
riables and co
and conclusion
sidered here i
ence system c

e system (adapte

remise Variab

r depends on 
at every drive
rd and cumber
flow. In this w
ables that are 
as follows: 

ity of a driver 
ed that reactio
y. Older driver
and accurately

sed to conside
age as a prem
ed indirectly. 
age (A) is ex

e system is u
human mind 

model (general
ependent vari
gh the determ

(but in a dif
cise scenario,
ables) are conn
ed as conseq

different valu
of premise var

In the fore
described. 

remise variabl
me rules. Dif
onsequence va
n, respectively
is shown in F
can be found 

ed from [8]) 

les) Considere

a large numb
er has at lea
rsome to take 
work effort ha
common in m

r decreases wit
on time of a 
rs have proble

y judge the saf

er visual capac
mise variable 

xpressed into

 

used to 
while 

lly, an 
iable/s 

ministic 
fferent 
 some 
nected 
quence 
ues of 
riables 
egoing 

es and 
fferent 
ariable 
y. The 
Fig. 1. 
in [8] 

 

ed 

mber of 
st one 
all the 

as been 
most of 

th age. 
driver 

ems to 
fety of 

city of 
visual 

 three 

grou
T

con
the 

 

Mem

 
F

of 
mem
the 
the 

 

2

T
a dr
whi
a le
as v
a lin
the 
env

T
grou
 

Mem

3

D
sinc
driv
incr
caus
mem
driv

ups, namely, v
The membersh
structed in suc
driver. 

mbership	functio

Fig. 2 shows th
the premise 

mbership func
dashed and do
age groups yo

Fi

2) Experience

The visual field
river stares at a
ich results in i
ess experience
versatile as an
nguistic variab

vehicle an
ironment. 

The linguistic 
ups, less exper

mbership	functio

) Intensity of 

Driving is a co
ce information
ving causes 
reased percept
sed due to 
mbership func
ving is constru

very young, yo
hip function o
ch a way that i

n	for	age, μage

he membershi
variable, ag

ction for the a
otted lines sho
oung and old, r

g. 2 Membersh

d of drivers ge
a single point;
increased perc

ed driver will 
n experienced 
ble we conside
nd perceive 

variable expe
rience and goo

n	for	experience

Driving 

omplex task w
n is to be perce
fatigue to th
tion reaction t
long time a

ction of the 
ucted in such

oung and old. 
of the linguist
it represents th

	

1; 15

1
19

11
;

25
7

; 25

1
32

13
;

35
20

; 35

ip functions fo
e. The solid

age group very
ow the membe
respectively.  

ip function for a

ets reduced ne
; a new driver 
ception reactio
not be able to
driver. By tak
er the ability o

the stimulu

erience (E) is
od experience

e, μexp

1

1

1
12

which requires
eived and anal
he brain. Th
time of driver
and monotono
linguistic var

h a way that 

tic variable ag
he visual abili

19

19 30

5 32

32 45

5 55

 

or different gr
d line shows
y young; whe
ership function

age 

early to zero w
is often distra

on time. More
o drive the veh
king experienc
of the driver to
us from hi

s divided into 
. 

1; 1 3
3

15
; 3 1

12
; 12 24

1; 24

 a lot of atten
lyzed by the b

his results in 
rs. Fatigue ma
ous driving. 
riable intensit
the fatigue of

ge is 
ity of 

roups 
 the 

ereas, 
n for 

 

when 
acted 
eover 
hicle 
ce as 
o use 
s/her 

two 

8

4
 

ntion, 
brain, 
 the 

ay be 
The 

ty of 
f the 

World Academy of Science, Engineering and Technology
International Journal of Computer and Information Engineering

 Vol:11, No:1, 2017 

9International Scholarly and Scientific Research & Innovation 11(1) 2017 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 C
om

pu
te

r 
an

d 
In

fo
rm

at
io

n 
E

ng
in

ee
ri

ng
 V

ol
:1

1,
 N

o:
1,

 2
01

7 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/1
00

06
02

2.
pd

f



 

dr

tw
 

Me

ge
as
be
Th
a 
pr
sp
du
ale

lo
sh

Me

sti
th
sti
dr

in
di

Me

 

va
sp

va
inp
be

river is taken i
The linguistic

wo groups, low

embership	funct

4) Speed 

With increase
ets reduced. W
s high as 190 d
e narrowed to 
his reduced vi
driver. This 

rominent facto
peed due to th
ue to accident
ert, i.e., percep
The linguistic
w speed and

hown below. 
 

embership	funct

5) Distance o

A driver wil
imulus comes 
e stimulus, a
imulus resultin
river. 

The linguistic
to three grou
stance. The m
 

embership	funct

Membership 
ariables other 
pace. But, they

C. Input 

As mentione
ariables are th
puts can be e

elow. 
 

nto account. 
c variable inte

w intensity and

tion	for	intensity

e in speed the
When stopped,
degrees, but fo
40 degrees at

isual field cau
is the physic

or, namely, th
he fear of acci
t at higher sp
ption reaction 
c variable spe

d high speed. 

tion	for	speed, μs

of the Stimulus

ll only be ab
 into his/her f

a driver requ
ng in increase

c variable dist
ups, low dista
membership fun

tion	of	stimulus, μ

function rela
than age are 

y are construct

ed earlier, dif
he inputs for 
expressed in th

ensity of drivin
d high intensity

y	of	drive, μint

e useful visua
, a driver's fie
or the same pe
t the speed of
ses increase in
cal effect. Bu
e psychologic
ident and the 
peed people b
time becomes

eed is classifie
The membe

speed

1; 0

1
3

20
40

50
1

s 

ble to perceiv
field of vision
uires more tim
ed perception 

tance of stimu
ance, medium 
nctions are sho

μsti

1;

1
10
25
25

10

1
10
35

45

ations for the
not provided 

ted in a very si

fferent instanc
the fuzzy inf
he form of a 

ng (I) is divide
y 

1
40

; 0

30
40

; 30

1; 12

al field of the 
ld of vision m
erson, the ang
f 60 miles per
n perception ti
ut, there is a
cal factor. At 
severe conseq

become much
s less.  
ed into two g

ership function

0 30
30

; 30 50

; 40 90

1; 90

e a stimulus 
. Far the dista
me to perceiv
reaction time 

ulus (d) is cla
distance and

own below. 

0 10

5
; 10 3

5
; 25 35

35
0

; 35 4

5
; 35 80

e rest four pr
here due to l
imilar way. 

ces of the pr
ference system
set which is 

 

ed into 

40

120

0

 

driver 
may be 
gle will 
r hour. 
ime of 

another 
higher 

quence 
h more 

groups, 
ns are 

 

if the 
ance of 
ve the 
of the 

ssified 
d large 

5

5

 

remise 
ack of 

remise 
m. The 
shown 

Inpu
 
whe
spee

F
that
hen
mem

F
 
S

two
set 
subs
for 
Fig.

D

S
conn
sma
subs

W
 

wr,k=
 

whe

E

A
thre
the 
dete
prem
form
If A
AN

ut set = ;

ere, Ak = Ag
ed, dk = distan

From the defin
t an element 
ce an input 
mbership valu

 

Fig. 3 Schemati

Since two mem
o sets should b

1 and memb
sets of membe
membership 

. 3. 

D. Weight of a 

Since the prem
nective AND

allest value am
set. 

Weight of a me

=min{μr(Ak), μ

ere 1	  r  32

E. Rules 

All the five p
ee groups. The
groups. The n

ermined by m
mise variable 
m of the rules 
Age is A1 AN
D Speed is u1

; ; ;  

ge, expk, = exp
nce of the stimu
nition of memb
of an input s
set element m

ues. 

ic for membersh

mbership sets a
be done. App
bership set 2 
ership set 1 O
function and 

Membership S

mise variables 
D, the weight
mong the elem

embership sub

μr(Ek), μr(Ik), μ

2. 

premise variab
e rules are form
number of grou
multiplying th
(i.e., 3 × 2 ×
is shown belo

ND Experience
 AND Distanc

perience, intk 

ulus for the kth

bership functi
set may belon
may have a m

hip function and

are obtained, c
plying combin

will produce
OR membership

membership 

Subset (wr,k) 

are connected
t of a memb

ments in a parti

bset,  

μr(uk), μr(dk)} 

bles are class
med by applyi
ups that are to
he number o
× 2 × 2 × 3 =
ow. 
e is exp1 AND
ce is d1 THEN

k = intensity, 
h driver. 
on it can be fo
ng to two gr
maximum of 

 

d membership s

combination o
nation member
e 32 member
p set 2. Schem
set is provide

d using the log
bership set is
icular member

sified into tw
ing combinatio
o be formed ca
f groups in 

= 72). The gen

D Intensity is
N conclusion is

uk = 

found 
roups 
f two 

et 

of the 
rship 
rship 
matic 
ed in 

gical 
s the 
rship 

wo or 
on of 
an be 
each 
neral 

s int1 
s P1. 

World Academy of Science, Engineering and Technology
International Journal of Computer and Information Engineering

 Vol:11, No:1, 2017 

10International Scholarly and Scientific Research & Innovation 11(1) 2017 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 C
om

pu
te

r 
an

d 
In

fo
rm

at
io

n 
E

ng
in

ee
ri

ng
 V

ol
:1

1,
 N

o:
1,

 2
01

7 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/1
00

06
02

2.
pd

f



 

If 
AN
If 
AN
…
…
If 
AN
P7

tim
se
se
be

of
is 

 

D(

wh
inp
th

IV

ex
lan
va
fu
siz
co
mu
10
pr
ob
be
co
(R

sh
ef
ex
ne
in
pe
to 
fu
ge

Age is A1 A
ND Speed is u
Age is A1 A

ND Speed is u
… 
…    …   …

Age is A3 A
ND Speed is 
72. 

F. Consequen

From Hoppe
me it is found
ec and the hig
ec. So, the valu
etween 0.5 and

G. Output (C

Weighted ave
f the input set
shown below
Let D(k) be th

(k)=∑
∑

here, wr,k is t
put set k (i.e.,
e consequence

V. COMPUTE

To Study the
xperience, spe
nguage is w
ariables are d
unctions. Ten v
ze are selected
ombination of 

must be done. B
0 × 10) sets of
remise variabl
btain the mem
elong. Suitab
onsequence. U
Reaction time)

V

Variation of 
hown in Fig. 4
ffect on perce
xpected; becau
ervous weakn
tensity of dri

erception reac
 the following

ully concentrat
ets disturbed 

AND Experien
u1 AND Distan

AND Experien
u2 AND Distan

 …   …
…   …   

AND Experien
u2 AND Dis

nce of a Rule 

er McGee cha
d that the smal
ghest value of
ue of each con
d 2.7. The con

Conclusion, D(

erage method
. Calculation 
. 
he conclusion 

,

,
 

the weight of 
, input set cor
e correspondin

ER SIMULATIO

e variation of 
ed and distanc

written. The 
defined can b
values of each
d. Since five p

f these selected
By applying co
f premise vari
les are passed
mbership valu
ble programm
Using weighted

 of each input

V.  RESULTS 

f mean percep
4. The graph 
eption reactio
use aged peop
ess. On the c
iving and spe
tion time of d

g reasons. Ver
te due to fear a

and become

nce is exp1 AN
nce is d2 THE

nce is exp1 AN
nce is d1 THE

…   …   
…  

nce is exp2 AN
stance is d2 T

ain model of 
llest value of 
f perception r
nsequence is s

nsequence of e

(k)) 

d is used to ob
for the weigh

of the input s

 
f the rth memb
rresponding to
ng to rth memb

ON OF THE PRE

reaction time 
ce of the stimu
domain in w
be found from
h premise vari
premise variab
d values of th
ombination 10
iables are obta

d to the memb
ue and the gr
ming is don
d average me
t set is determi

AND DISCUSSI

ption reaction
shows that ag

on time of dr
le generally d
contrary, expe
eed have a d
drivers, which
ry less experie
and their perc
es high and 

ND Intensity 
EN conclusion 
ND Intensity 

EN conclusion 
…  

ND Intensity 
THEN conclus

perception re
reaction time 

reaction time 
suitably interp
each rule is uni

btain the conc
hted average m

et. D(k) is giv

bership subse
o kth driver) an
bership subset

ESENTED MODE

with age, inte
ulus a program
which the pr
m the memb
iable with sam
bles are consi

he premise var
05 (= 10 × 10 ×
ained. These s
bership functi
roup to which
ne to obtain
thod the conc
ined. 

ION 

n time with 
ge has an incr
rivers, which 

develop physic
eriences of dr

decreasing effe
h is as expecte
enced people c
eption reactio
random. As

 

is int1 
is P2. 
is int1 
is P3. 

is int2 
sion is 

eaction 
is 0.5 
is 2.7 

polated 
ique. 

clusion 
method 

ven by: 

et with 
nd pr is 
t.  

EL 

ensity, 
m in C 
remise 

bership 
me step 
idered, 
riables 
× 10 × 
sets of 
ions to 
h they 
n the 

clusion 

age is 
reasing 

is as 
cal and 
riving, 

fect on 
ed due 
cannot 

on time 
s their 

exp
less
inte
inte
are 
less
driv
reas
time
high
chan
has 
whi
at s
aler
corr
spee
spac
 

In
time
exp
is c
mat
logi
of h
show
perc
also
reac
up t
afte
two
perc
whi
mon
mon

erience increa
s and stable. 
ensity of driv
ensity) due to r
much more al

s intensity. A
ving the effec
son that exces
e. Decreasing
her speed one
nces of accid
an increasing

ich is as expec
smaller distan
rt, otherwise 
responding to 
ed and distan
ce constriction

Fig. 4 

n this study i
e of drivers va
erience of dri
ompletely a h
thematical form
ic has been us
human mind 
ws that abov
ception reactio
o shows that (
ction time of 
to a certain ex

er that it beco
o-fold effect. 
ception reacti
ich it increas
notonous dec
notonous decr

ases, the perc
Similar exp

ving (up to 
reason that peo
lert in compar

Above the th
ct becomes re
sive fatigue ca

g effect of sp
e has to becom
dent will incre
g effect on perc
cted; because 
ce headway o
chances of c
experiences o

nce headway 
n. 

Mean perceptio

VI. CONC

it is tried to m
aries with diff
iving etc. Sinc
human psycho
mula may pro
sed to model 
regarding pe

ve a certain 
on time of dri
(not presented
drivers decrea
xtent (approxi
omes asympto

Up to a t
ion time with
ses due to fa
creasing and 
reasing impact

ception reacti
planation is f

a certain th
ople, who trav
rison to those,
hreshold value
everse, i.e., in
auses raised p

peed is due to
me much mor
ease. Again, 
ception reactio
of the fact tha

one has to be
collision will 
of driving, int
are not prese

on reaction time

CLUSIONS 

model how p
ferent types of
ce, this percep
ological proce
oduce random
the vague and

erception reac
age (around 

ivers increase
d in this paper
ases with exp
imately 5 yea
otic. Intensity
threshold valu
h intensity of
fatigue. Wher

distance of 
t on perception

ion time beco
for the effec

hreshold value
vel very freque
 who travel w
e of intensity
ncreasing due
perception reac
o the fact th
re alert, other
distance head
on time of dri
at while trave

ecome much m
increase. Gr

tensity of driv
ented here du

e vs. age 

erception reac
f stimulus like 
ption reaction 
ss, modeling 

m results. So, f
d imprecise na
ction time. R

15 years) m
s with age. R
) mean percep

perience of dri
ars of experien
y of driving h
ue (40 KM/
f driving; bey
eas, speed h

f stimulus ha
n reaction time

omes 
ct of 
e of 
ently 

with a 
y of 
e the 
ction 
at at 
rwise 
dway 
vers, 

elling 
more 
raphs 
ving, 
ue to 

 

ction 
 age, 
time 
it by 

fuzzy 
ature 

Result 
mean 

Result 
ption 
iving 
nce); 
has a 
/day) 
yond 

has a 
as a 
e. 

World Academy of Science, Engineering and Technology
International Journal of Computer and Information Engineering

 Vol:11, No:1, 2017 

11International Scholarly and Scientific Research & Innovation 11(1) 2017 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 C
om

pu
te

r 
an

d 
In

fo
rm

at
io

n 
E

ng
in

ee
ri

ng
 V

ol
:1

1,
 N

o:
1,

 2
01

7 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/1
00

06
02

2.
pd

f



 

 

REFERENCES 
[1] Shiffrin, R. and Schneider, W. (1977), Controlled and automatic human 

information processing II: perceptual learning, automatic attending, and 
a general theory, Psychological Review, 84, pp. 127–90. 

[2] Green, M. (2000), “How long does it take to stop? Methodological 
analysis of driver perception-brake times.” Transportation Human 
Factors ,2, pp.195–216. 

[3] Dabbour, E. and. Easa, S.M. (2009). Perceptual framework for a modern 
left-turn collision warning system. International Journal of Applied 
Science, Engineering and Technology, 5(1) pp. 8-14. 

[4] Mehmood, A. and Easa, S. M. (2009). Modeling Reaction Time in Car-
Following Behavior Based on Human Factors. World Academy of 
Science, Engineering and Technology, 57. 

[5] Elander, J., West, R. and French, D. (1993). Behavioral correlates of 
individual differences in road traffic crash risk: an examination of 
methods and findings. Psychol. Bull. 113, pp. 279–294. 

[6] Gerlough, D. and Huber, M. (1975) Traffic Flow Theory, TRB special 
report 165. Technical Report, National Research Council, Washington 
D. C, U.S.A. 

[7] Hooper, K. G. and McGee, H. W. (1983). Driver Perception Reaction 
Time: Are Revisions to Current Specifications in Order? Transportation 
Research Record 904, Transportation Research Board, National 
Research Council, Ishington, DC, pp. 21-30. 

[8] Chattaraj, U. and Panda, M. (2010), Some Applications of Fuzzy Logic 
in Transportation Engineering, In Proceedings of International 
Conference on Challenges and Applications of Mathematics in Science 
and Technology (CAMIST), NIT Rourkela, pp. 139-148. 

[9] Chakroborty, P. and Kikuchi, S. (2003), Calibrating the Membership 
Functions of the Fuzzy Inference System: Instantiated by Car-following 
Data, Transportation Research Part C 11 pp. 91–119. 

 
 
 
U. Chattaraj is an Assistant Professor at National Institute of Technology, 
Rourkela, India. He worked as a guest scientist in Juelich Supercomputing 
Centre, Juelich, Germany. He has 27 publications in reputed journals and 
conferences.  

World Academy of Science, Engineering and Technology
International Journal of Computer and Information Engineering

 Vol:11, No:1, 2017 

12International Scholarly and Scientific Research & Innovation 11(1) 2017 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 C
om

pu
te

r 
an

d 
In

fo
rm

at
io

n 
E

ng
in

ee
ri

ng
 V

ol
:1

1,
 N

o:
1,

 2
01

7 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/1
00

06
02

2.
pd

f


