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Abstract: A novel inter-vehicle communication system based oemotion as “that which leads one’s condition todree so

emotion enabled cognitive (EEC) agent has beeripated as an
intelligent solution to evade the road catastroplve to hasty
decisions by drivers. An input stimulus is procéssehuman brain
using a short route and a long route during any rgemey
situation. The proposed EEC agent, mounted insidehicle, acts
like a human brain and is stirred by short routéorimation
processing mechanism of human brain in fear carifThe results
are acquired for the decisions made by the propeggatoach
through the EEC agent using short route and humiaerdrusing
long route during urgent situations. A pre crasimsgg and
avoidance algorithm has been proposed as well tmateé the
lateral or side by side collision using EEC ageiiixperimental
findings reveal that by commencing emotions witlgrdton, and
using formulated L-PCSA algorithm, lateral collissochances can
be sensed and avoided to secure the valued livpassengers. It
has been pragmatic that the new approach is vdegteél and
useful in shunning the lateral road collisions.
Keywords: Cognitive, collision avoidance, inter-
communication, Amygdala, Emotions, Fear model

1. Introduction

To evade a road catastrophe, drivers have very siho to
make a quick and precise decision. The
transportation system (ITS) is a vigorous resedield
aimed to improve driver’s safety and comfort byaing the
human confines in decision making [1]. The intehicte
communication systems (IVC) is a kind of ITS in wlhi
vehicles correspond with each other to exchangenmition
about their locations, road conditions, and trgHims [2].
Current IVC systems are using audio-video displays
vehicles to help out the drivers in dangerous/egrmy
situations. These doodads can create a dangetaoata as
drivers have to consistently watch them beforenglany
decision to avoid a road accident and it takesdomigne. In

transformed that his judgment is affected and, twhie
accompanied by pleasure or pain”.

In [5] it has been reported that reasoning; menmgiz
learning and decision making are being affected by
emotions. An essential role of emotions in workiofgthe
mind was analyzed by Perlovsky [6]. Human brain can
process information using two routes, primary roated
secondary route [7], [8]. Primary route (also knoasshort
route) activates once fear or danger is felt aadteein short
span of time to input stimuli. Whereas secondarytao
involves consciousness and consult episodic memsoy,
takes longer time to process information. In thésearch
work using 2*2*2 choice reaction experiment [9] ham
reaction time and EEC agent reaction time in cake o
emergency situations has been computed. The tote t
computed via long route needed by human driver from

vehicle perception to final action is 5.678 seconds, whergaort

route followed by EEC agent from sensors infornmatio
autopilot action (safety maneuver) is taking 0.8388onds. It
can be seen obviously that human driver will takB75
seconds more as compared to the EEC agent to evade
accident. Hence human driver have more chances of

intelligerdollisions.

Vehicular safety system can be classified as passifety
system and active safety system. In [10] pre csasising
has been defined as “The main objective of prekcras
Sensing applications is to sense a collision gatfian the
current accelerometer-based approaches with aaitizip
and more descriptive sensors, communicate thigrirdton

to the vehicle and its occupant protection systeand take
appropriate actions to reduce the severity of chajsiny”. A
lateral pre collision sensing and avoidance (L-PLSA
algorithm has been proposed to enhance the capbidif
EEC agent to avoid the lateral collisions. Experitageveal

this research paper, a smart IVC system using emotithat proposed EEC agent has the ability to sereserdsh in

enabled cognitive (EEC) agent has been anticipateidh
can assist in making nippy decisions by a vehitdelfi and
does not involve humans during an emergency situatnd
thus assists in accident avoidance. Muse of thégameh
work is the human brain which is a very complex arstate

less time as compared to the human driver using sbote
reaction time. The remaining paper is arrangeak®s. In
section 2, a discussion has been made about differe
categories of cognitive agents and the importanée o
incorporating emotions in these agents. Sectiofs8udses

of the art machine from the perspective of its Kuicthe existing work about different types of IVC gyss along

decisions, management and memory capabilities T&e
term ‘emotion’ has been used to refer mental angsiphl
processes that include aspects of subjective edpm]
evaluation & appraisal, motivation and body resgsnsuch
as arousal and facial expression [4]. Aristotle firndsl

with their limitations. Section 4 is presenting theman
being accident encounter and avoidance cycle. @ebtiand
6 elucidated the proposed solution and EEC agenh ma
architecture. Simulation and results of L-PCSA athm
using long route and short route has been presemted



International Journal of Communication Networks &mfdrmation Security (IJCNIS)

128
Vol. 5, No. 2, August 2013

section 7. Pre-crash Sensing and Avoidance forrdhatethe road and IVC based on Wi-Fi is also under amrsition

collision using EEC Agenthas been devised in tlhudice 8.
Test results of L-PCSA are using c-sharp simulatoe
shown in section 9.The paper is concluded in sedti

2. Different types of cognitive agents &
importance of emotions

In [11], there are four conventional agent architezs have
been elucidated. First one is logic based agentahith

decision making
mathematically. Second agent architecture is reactgents
and they need sufficient information related toirtHecal

surroundings to perform an appropriate action. fhivel one
agent architecture is known as layered architeqteréorms
their critical functions using layered frameworkaeTl fourth
one agent is the trendiest one known as BDI arctoite
which employs the human'’s realistic reasoning pssdé&2].
The main problems with this architecture are how
efficiently implement the various functions and hdw

[20]. In all existing IVC systems, drivers depend audio
and (or) video displays installed in their vehicledich
graphically inform them about possible dangers.

The drivers have many things to manage, like spetitr
vehicles position awareness and obstacles. Theraégd of
quick response from driver in case of possibilityany road
accident. It has been noticed that in video basé@s)
drivers have to pay attention towards video displefich
can create a dangerous situation itself, whered® dased

is made after processing the fact¥Cs are little better in comfort, by using specé sound

effects [21]. However, a driver has to first takgut from
these audio/video based systems and then takeiaeais
both types of systems. To find out the problemsntady
drivers with current audio/video displays mounteside the
vehicles, a practical road experiments has bedonpesd.
For this purpose a Wi-Fi based IVC system was degl®n
a main Kotli road of Mirpur city. A peer to peerrpdigm
tovas developed using C# .Net platform. The wholekogy
as shown in Fig.1 consist of two laptops instaliéth 1VC

accomplish the balance between being committedntb asoftware, IEEE 802.11g wireless access point amceotly

over-committed to one’s intention.
architecture ignores the influence of emotions @tision
making [11].

Incorporating emotions into agents has been regpantgl 3],

a functional role played by emotions has been eesemn

the behaviors of humans and animals. In the devedop of
complex social system of animal and humans, a &y of

emotions has been observed [13].

The effects of emotions in the behavior of ageatgehbeen
tested in woggles of oz-world, where happiness angs the
efficiency of agent and sadness decreases therperfce of
agent [14]. It has been reported in [15] that lé@gn goals
of agents are affected by emotions. In [16], it leen

evaluated that agents act like human beings bygusin

emotions to perform complete tasks by giving pumieht to
their enemy agents and rewarding their companiemtsg

From the above description, it can be deducedtthauild
more human like agents
cognitive structure of agents is necessary. Impogaof

Currently BDlavailable in market highest resolution 16 megapoeghera.

In Fig.2 and Fig.3 it can be seen clearly thataglight even

a highest resolution cameras are failed to givectbar view

of traffic flow or any road hazard.

Drivers have to serve more time on video displags t
understand the possibility of any dangerous simatl hese

on road experiments of audio/video based IVC system
proved that, there is a need of some sort of newtisno
which relaxes the drivers from paying their attention
these gadgets and help them to achieve secure and
comfortable driving.

4. Human being accident encounter &

avoidance cycle

Real life scenarios has been designed to noteahavior of
human driver’s usage of audio/video based IVC syste

incorporating emotions withuring accidents. For testing purpose 7 voluntaetents of

Mirpur University of Science and Technology (MUSW¥gre

emotions has been revealed in a research repofttiat hired. All volunteers were of ages ranging 20 to/8&rs and
human being having relatively minor emotional inmpants medically fit. Two tests were designed. In firssttelrivers
have less good capability to do beneficial decisjoas have to drive the car on T junctions and in sectasd on
compared to the healthy minded person with full o$traight congested road in bad condition. To cohdests

emotions.

Dyer develops a comprehensive lexicon of emotictates
based on goal success and failure, since the goakss or
failure can affect emotional states. Frijda and Gvanan
postulates emotions as processes that safeguagdtéom
persistent goals or concerns of the agents, sushrawal, a

desire for stimulation or a wish to avoid cold andeing perception (vision) processes
have desire to build agertatt audio/video display unit, using its prefrontal eortthis

damp[11].Thus, if we
behave like humans, we must incorporate emotiotusanr
design. Emotions can serve as an efficient wayritwripze
an agent’s multiple goals. In this way they canumdthe
computational load of rational agent.

3. Existing IVC Systemsand their limitations

two vehicles were equipped with audio/video displalotal
20 tests were conducted. From these tests it has heted
that during the driving, driver follows the follomg steps to
avoid an accident using audio/video display, white
shown in Fig.4. First information about incominghicde is
displayed on the display unit of vehicle. From hdreman
information mfro

information is processed in the working memorydtiver
doesn’t feel any danger then he/she keeps watctiing
audio/video information from display unit. If drivdeels
that the situation is dangerous then he/she takeses
decision and performs the action to avoid collisibhe End
result can be in the shape of a late and wrongsiteti
because mostly people become nervous and take wrong

The Technologies used so far for IVC are GSM/GPRSQgtions to avoid accidents.

CDMA, Wi-Max, LTE, and Wi-Fi [18] There is a CDMA

based IVC system called multi carrier multi-codeesgl
aloha (MMSA) [19]. Broadband wireless access f@arsion
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5. Proposed Solution
In this paper, an efficient and intelligent IVC & using
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signal from Sensory unit. Intensity of signal isredily
proportional to the value of graded potential whichurn is
directly proportional to the action potential. Heghthe

an emotion enabled cognitive (EEC) agent has begpaded potential of NH in results higher the gragetential

proposed as a solution to avoid road accidents twhiay
result due to hasty decisions by drivers. The psedoEEC
agent possesses human like ability to react in esudidnger
and is proposed to be installed inside vehicle Ssistance
with autopilot. According to the best categorizedotion

of NA.

The frequency of signal is passed to the thalamasan
NH, which takes it as its initial value for gradpdtential.
As the intensity of received signal increases (ddj®y on
the decreasing distance between vehicles), theevalu

model Orton, Collins (OCC), human beings have 28raded potential increases. On encountering preshiold

emotions [22]. Among these twenty two emotionsatfes

the main concern.

The proposed EEC based IVC model is based on thisal

gifted capability of human brain’s sudden reactagainst
sudden threat. The literature on neuro-imagingcizigis that
some or more parts of human brain are responsiie

value (50 Hz) graded potential activates actiorepial of
NH, which in turn initiates the graded potentialA. NA
set its graded potential 50 Hz and activates th&-Rilot
Module. On receiving the ThP (50 Hz) Amygdala atitis
Motor Module, which uses its GPS module to gathner t

fStatistics of road. At the back end, the Thalarkaslule

emotions processing. One of these is an almondpesha continuously accumulates the input from Sensory Med

structure known as Amygdala [23]-[26]. Informatioan be
processed by human brain in two branches afterviage
input stimuli, primary route and secondary routeptimary
route information is directly passed by sensoryatmas to

As the graded potential of NH reaches 75 Hz, th#omac
potential of NH initiates and sets the value of dgic
potential of NA 75 Hz, which is the final threshaldlue for
fear generation. The Auto-Pilot takes sudden actinrthe

Amygdala from where action against stimuli is takenyasis of pre-gathered statistics of road. We hactuded

Whereas in long route of
information is passed from sensory thalamus to gmym
sensory cortex, uni-modal association cortex, pobdal

association cortex, hippocampus and finally to Adalg

from where final action is passed to motor arearafn [8].

Primary route is faster than secondary route [8¢ Wéve
used this primary route approach to make a smeant@tions
enabled cognitive agent. The details of EEC agemés
discussed in next section.

6. Emotion enabled cognitive agent

The proposed EEC agent has six major modules é&sated
in its architecture highlighted in Fig.5. The prepd
architecture is designed after detailed study ohdwu brain,
its cognition abilities and relation of emotiongwtognition
[6]. First the Input Stimuli (sensors data (diserz=tween
cars)) are received by the Sensory Module. Functibn
Sensory unit is to initiate coding process. In fled of
physiology term coding refers to the conversiorsbmulus
energy into a signal that conveys the relevant &gns
information into the central nervous system [5].teAf
receiving signal from Sensory unit, afferent negroof
hypothalamus act accordingly, here important charestic
of Stimulus is the intensity of signal. Two levelsthreshold
have been defined to control functionality of EEQeat.
Pre- threshold ThP (50 Hz) and final-threshold TR Hz).
Human brain consists of millions of neurons resgmador
information relay but from simplicity point of vieanly two

information  processinggps module for the assistance of Auto-Pilot Modaleur

EEC agent architecture. Short term memory (STMAutb-
Pilot Module contains most current GPS informatadout
road. For most suitable and fast action, concem sfack
has been employed.

According to the geography of road, and commurocati
between other EEC_Agents of intact vehicles, astilike
sudden break, sudden turn on left side, or sudden dn
right hand side are stored in stack. The top (eojraf stack
indicates the most suitable action and Auto-Pilohpy
executes the top of stack. In the end the fear mgrob
current event is stored in Emotion Memory for fetur
decisions.

7. Simulation results and discussion

To test the validity of the proposed approach &mdidea of
long and short route, the simulation environmerg haen
designed using C# on .NET framework. Following dast
are taken into account for the simulation of loagte.

7.1 Communication time between sensors

This factor is tested for the bad communicationncleh as
well as for the normal communication channel. Thiues
assigned are 10ms and 7ms for the specified chanifer
a survey about “how much time does a driver neegdd a
video display with different attention levels” weave
observed the amount of time needed for this purpsse
average 5 seconds. The total response time (RTanof

neurons named thalamus neuron NH and Amygdala neuraverage human is then computed from the experiment

NA have been supposed for the EEC agent. Thedf/p&A
is Intercalated (ITC) Amygdala neuron. ITC regusafear
expression by controlling impulse traffic betwede input
(Basolateral Amygdala; BLA) and output (central leus;
Ce) stations of the Amygdala for conditional feasponses
[27]. Depending on the sensor’s information of aliste
between vehicles, frequency of signal varies. ahiti

known as 2*2*2 choice reaction experiment [9]. Thes
experiments are based on different sub factors twhie
used in simulation. These sub factors are desciib@able-

1.

For short route simulation only NA, APT, DT and AT
factors has been considered. The results of diffarsts by
varying the values of different sub factors arevaman

frequency has been set to 10 Hz. On receiving ssnsoTable-1. The total time computed via long routeded by

information, Sensory Module of EEC agent performdicg
process, and converts sensors information intoasigrhe
graded potential of NH varies according to thensity of

human driver from perception to final action is 76
seconds, whereas short route followed by EEC afyjent
sensors information to autopilot action is taking30®3
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seconds. This indicates that the EEC agent carmach
faster as compared to the human driver by usingt sbate
method.

Various tests have been conducted and their ressitg
different factors and sub factors involved in lonogite and
short route have been shown in Table-2. Fig.6 shinas
there is a time difference of 5.37 seconds betwden
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decision made by human driver and the proposedoappr
using EEC agent during dangerous situation. In the
comparison graph we have used different colorshimws
time taken by different factors and sub factorgoimg and
short route decision to avoid accidents. A constahte of 5
sec is added as an additional overhead with NAsusised
earlier in text.

Table 1. Sub Factors Description

NA No of Numerals to understand in Video display, hveeecheck this sub factor on 2 and 8
values
SQ Quiality of Stimulus, Here we test quality of vidéisplay on >=95 % and >=75 %.

REPEATING TIME

Repeating time is different for familiar stimulidanfamiliar stimuli. For familiar stimuli, we
fix the value to be 1*RT where as for unfamiliar get value to be 2*RT.

AMYGDALA PROJECTION TIME (APT)

We assigned it a fixed value of 100 ms

DECISION TIME (DT)

We assigned it a fixed value of 100 ms

ACTION TIME (AT)

We assigned it a fixed value of 100 ms

8. Precrash Sensing and Avoidance for
lateral collision using EEC Agent

According to [28] by pre-crash sensing we have an

additional time that is available to perform suiéabafety

manoeuvres. Many research papers related to the pre

crash sensing systems has been published so fa@]n
researchers have proposed crash avoidance systeq us

embedded system. The system consist of ultrasonic

distance measuring sensor , which measures thendest
between vehicles and feed the results to
microcontroller, which in turn reacts according ttee
different situations, i.e. decelerating the speedpplying
the brake. These researchers have tested theipggdp
system for rare and front end collision, but thierdal or
side by side collision cases have been ignored.

Table 2. Response time:

the

The name of this system is Honda's Collision Mifiga
Brake System (CMS). CMS is fully automated and can
apply the brakes without waiting any reaction frdriver
and can apply brakes automatically on sensing aoyta

to crash situation. The drawback of system is ih ca
counter only rear end collisions. The pre crastsisgn
and avoidance systems discussed so far are cangider

to 2.5 seconds as human reaction time and also not

considering the lateral collision cases. We hawpgsed
our lateral collision sensing and avoidance albarit
which is considering short route as a reaction time
perform a suitable accident avoidance maneuver.

Long route VS. short route

Steps -
o | NA R Pl 4> o > 3
° 3 33 8 2 S
2 | (my (ms) 2 25| @ S B
§' o § [©R S — =
15 > ) o — § 3
- o] = ®
— 8: 5 = 3 o -
2 s 3 Q. 2 3 ®
8 3 8| 32 e 3
g a S = =

8

(7]
SR 10 0 0 0 100 100 100 00.310
LR 10 2 300 1 100 100 100 05.611
SR 10 0 0 0 100 100 100 00.310
LR 10 8 300 1 100 100 100 05.625
SR 7 0 0 0 100 100 100 00.307
LR 7 8 300 1 100 100 100 05.638
SR 7 0 0 0 100 100 100 00.307
LR 7 8 425 2 100 100 100 05.734
SR 7 0 0 0 100 100 100 00.307
LR 7 8 425 2 100 100 100 05.784

LONG ROOT Mean 05.678
SHORT ROOT Mean 00.308
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We have supposed that there are two vehicles bullet
vehicle B, and target vehicle yI which are traveling side

by side with different speeds. The proposed prefcra
sensing and avoidance (PCSA) algorithm consist of
following steps.

1. Measure the current position (latitude and long#ud

of target and bullet vehicle.

Compute the tire side slip angteof bullet vehicle.

Measure the velocities {target vehicle) and,\bullet

vehicle)

4. Using above steps compute the time to collisionGJ.T

5. Using less reaction time of EEC adopt the road
accident evading strategy (Automatic brake or/and
sudden turn on left side or/and turn on right/side
or/and speed declaration).

2.
3.

The working of PCSA algorithm in case of EEC agent
during lateral collision scenario has been illugtain
Fig.7, two vehicles: target vehicle\(Jrand Bullet vehicle
(By) are considered. It can be seen that(Bng truck)
has changed its straight path of motion and chatygge
lateral position towards a small four wheel vehicl®
compute the current (latitude, longitude) of targeid
bullet vehicle on-board unit(OBU) has been congiddp

be deployed in both Band T&,.OBU consist of Garmin
legend eTrex single antenna GPS unit and computer.

As seen in Fig.7, the sideslig)( of the B, is the
difference between the velocity headipg and the true
heading of the vehic(@). The yaw rate€r) is the angular
velocity of the B about the center of gravity.

The equations (1.1) to (1.4) are the computatiofs o
sideslip anglex of bullet vehicle and has been described
in [33] for all four tires of B.

=t (Z22) 5
Goy = tan~ (j:;iﬁ;)*_g) 5 @2
e (2EE) a9
() s

Where

V is velocity of vehicle

r is the angular velocity about the center of gsavi

B is the direct estimate of the sideslip

t is width of track an@ steer angle at the wheel

d can be calculated with the help of following egomt

(2.0) and it is taken from [34]
L VvV

0=—-+ Kus.—

s oR (2.0)

Where L is Length of Vehicle and R is corneringiuad
Kysis called under steer co-efficient using equatiai;

(2.1)

(2.1.1)
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Wr =m*g*% (2.1.2)
The velocities Y and \{, can be computed using single
antenna GPS. In Fig.7on board unit (OBU) helps EEC
agents to compute the time to avoidance (TTA) &me t
to collision (TTC). TTA is the time in which aftere-
crash sensing a vehicle can perform any saving avene
to avoid accident. Whereas TTC is the total timdctvh
gives information that after how much time bullehicle
and target vehicle will get collision. OBU installen B,
and T, exchange their current (long, lat) and velocities
randomly. The EEC agent of,Bcalculates its front tire
sideslip anglex. OBU of B, calculates the TTC by
predicting that when the incoming (long, lat) af Bill be
near or equal to the incoming (long, lat) af 8s shown in
Fig.7. There is a threshold point also known as TTA.
Using fast reaction time of EEC agent 8n perform any
safety maneuver.

Table 3. Vehicle parameters for the blazer, M-class and

E-class

Blazer M-Class EClass
Mass (kg) 1,814.1 1,921.1 1,640
Mass front (kg) 970.4 1,191.1 879.9
Mass rear (kg) 843.69 730 760.1
a (m) 1.2048 1.0714 1.313
b (m) 1.3862 1.748 152
Length (m) 2.591 2.8194 2.833
Track width (m) 1.3840 16 1.44
Car(N/rad) 70,100 60,000 109,400
Car(N/rad) 128,990 60,000 170,000

We calculate vehicle initial positions; distance is

calculated using distance formula using equatiod)(2

d= (X1 —-X2)%2+ (Y1 -Y2)? (2.2)
Vehicle path can be calculated using slope lineagqo y
= mx + ¢; and slope as, m = tai) (

Point of intersection shown in Fig.8 can be found b
equations 2.3 and 2.4. In Fig.8 we have predicited
vehicles future positions using the straight limgiation,

in this way we can conclude a possible future path
every calculation that is one of the scenarios litaio
future position of vehicles. Our tests are formdigsed

on straight equation y=mx + c.
c2—cl

(2.3)
(2.4)

Px =
ml-m2
Py =mPx +cl

If it is determined that the target is on a cdllisicourse,
the predicted time to collision (TTC) can be caited
using the distance to the current position, therggpt
point, the current speed, and the relative accdaberaf
the target. TTC represents the time that the velfiek to
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either brake or turn out of the way before an inipac
occurs.

The first avoidance alternative considered is Jehic
turning. The simplified test algorithm neglects iobd
stability by assuming a turn angle of 90°. Whilbestturn
angles may be more efficient, this assumption plevia
simple standard for the purposes of crash predictio
Therefore, the worst case scenario is when theetasy
coming straight down the y-axis. In this case thaicle
can maximize the x-intercept distance by turning. 90
Using the speed and turning radius of the vehtble time

it takes to complete a 90° turn is calculated asdpyation
(2.5)

Tturn = —(%)*Rmrn

(2.5)
The total lateral displacement possible in TTC sésan
this case using equation (2.5.1) is

X1 = Rturn + (TTC — Tturn) * Vv (2.5.1)

If Twm is greater than TTC, the algorithm calculates how

much of the turn is possible before the targetheadhe

x-axis. The distance that the vehicle can travéhis time

is calculated by eq. (2.6)

D=TTC*Vv (2.6)

Collision Chances: “YES" a collision will occur éurrent

trajectories continue. “No” otherwise.

Time to Collision (TTC): Predicted time to impagt i
seconds.

Time to Avoidance (TTA): Time in which a bullet viele

can perform an action to avoid accident.

Collision Level: “RED” if the vehicle and the tartgare

on a collision course and it is determined thait ihot

possible to avoid the collision by turning or braki

“YELLOW?” if there if the vehicle and the target aom a

collision course and it is determined that it isgible to

avoid the collision by turning or braking, “GREENS

safe for near future.

9. Simulation Results for L-PCSA using
EEC Agent and human driver reaction
time

Several test cases of real life lateral collisibase been
designed and tested in a specially developed storula
Total 12 lateral collision scenarios with real lifata have
been simulated. The main parameters of the sinomlati
are given in table-4 and table-5. The test casend (
collision scenario) is shown in Fig.9 in whichy Bs
traveling with the speed of 60 km/h ang Tis moving
with the speed of 40 km/h.\BNith o«;s= 25is predicting

a safe scenario.The whole simulation for test daserks
as. B/ is moving on lanel and TV is moving on lane2. In
this test case it has been supposed that driveB,of
suddenly changes its lane due to any of the foligwi
reason like lane changing, or drowsiness or duéréo
blast. The simulator calculates the distance betweoth
vehicles and then using equations 1.0 to 2.5 catlesilthe
time to collision (TTC) and time to avoidance (TTA)
From multi tests withx;s= 25 collision chances are very
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less as compare to the other anglg= 45andx;;= 65.
The test case 2 (possible collision scenario) swshin
Fig.10 in which B is traveling with the speed of 60 km/h
and T, is moving with the speed of 50 km/h,.BWith
;=45 is predicting a possible lateral collision
scenario.The whole simulation for test case 2 warks
By is moving on lanel andyTis moving on lane2. In this
test case it has been supposed that driver,asugidenly
changes its lane due to any of the following readdmn
lane changing, or drowsiness or due to tire blaEhe
collision level presented with yellow color is shHog
possible collision. The simulator calculates thstatice
between both vehicles and then using equationso1206
calculates the time to collision (TTC) and time to
avoidance (TTA). TTC in this case is 1.99 seconas a
TTA is 1.04 seconds. Human driver needs 5. 678rskco
to avoid this accident using audio/video based geray
alerts, which is not possible in this case. Usitgrs
reaction time of our EEC agent which is 0.308 sdsopn
the possible collision can be avoided.

Table 4. 12 test cases of BV and TV with different speeds

and ¢
Sno Bv Speed | Ty Speed | Ty Inner Front tyre
(Km/h) (Km/h) angle (;s)
1 60 40 25
2 60 50 45
3 60 50 65
4 40 100 25
5 60 60 45
6 60 60 65
7 80 100 25
8 100 100 45
9 100 100 65
10 80 80 25
11 80 80 45
12 100 80 65

The test case 12 (possible collision scenarioh@svs in
Fig.11in which B is traveling with the speed of 100
km/h and T, is moving with the speed of 80 km/h,.B
With oc;s= 65is predicting a possible lateral collision
scenario.The whole simulation for test case 12 wark
By is moving on lanel andyTis moving on lane2. In this
test case it has been supposed that driver,asuBidenly
changes its lane due to any of the following readdmn
lane changing, or drowsiness or due to tire blaEhe
collision level presented with yellow color is shHog
possible collision. The simulator calculates thstatice
between both vehicles and then using equation1206
calculates the time to collision (TTC) and time to
avoidance (TTA). TTC in this case is 0.875secomi$ a
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TTA is 0.310 seconds. Human driver needs 5. 678
seconds to avoid this accident using audio/videsetha
emergency alerts, which is not possible in thieclksing
short reaction time of our EEC agent which is 0.308
seconds, the possible collision can be avoidede Haran
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be seen that performing a safety maneuver byiBa
tough task because TTA and reaction time of EEQ gen
are very close. The results of remaining tests calaith
different B, , Ty speeds along with differentx;sand

corresponding TTA and TTC are given in table-5.

Table 5. Test results for vehicle moving at different speadd angle of turn

Test Distance Vehicle Target Bullet Vehicle TTA TTC Human Reaction EEC Agent
no Between Vehicles Speed Speed Angleof Turn (sec) (sec) (sec) (sec)
(m) (km/h) (km/h) ()

1 56.03 60 40 25 - - 5.678 0.308
2 33.13 60 50 45 1.045 1.988 5.678 0.308
3 13.92 60 50 65 0.678 1.621 5.678 0.308
4 26.62 40 100 25 - - 5.678 0.308
5 27.45 60 60 45 0.705 1.647 5.678 0.308
6 23.53 60 60 65 0.469 1.412 5.678 0.308
7 35.22 80 100 25 0.878 1.58 5.678 0.308
8 30.41 100 100 45 0.529 1.094 5.678 0.308
9 29.42 100 100 65 0.493 1.059 5.678 0.308
10 65.30 80 80 25 - - 5.678 0.308
11 33.37 80 80 45 0.795 1.50 5.678 0.308
12 24.33 100 80 65 0.310 0.875 5.678 0.308

A comparison bar chart shown in Fig.12 has been
generated on table 5. TTC parameter values are
represented with blue color, TTA parameter valuét w
red, EEC agent reaction time with green and human
reaction time with purple one. From the bar chacain be
seen obviously that most of the values of TTA paat@m

are less than 1 and using EEC agent reaction tiefgcle

can perform accident avoidance maneuver succegstsill
compare to the human reaction time, which takegdon
time for accident avoidance decision.

10. Conclusion

A novel intelligent solution for enhancing road etgfin
form of an IVC system based on EEC is proposedhim t
work. The simulation results indicate that avaiiapiof

an EEC agent ensures quick actions as compareueto t
human drivers without such facility. In this wayhet
capabilities of current IVC systems are enhancedthwh
may result in reduction of road accidents.
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Fig.1. Wi-Fi Based IVC Arrangement.
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