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Abstract: Problem statement: This study presents an analysis on road traffitesysocused on the
use of communications to detect dangerous veharte®ads and highways and how it could be used
to enhance driver safetppproach: The intelligent traffic safety application modelbased on all
traffic flow theories developed in the last yedesding to reliable representations of road traffic
which is of major importance in achieving the attetion of traffic problemsThe model includes
also the decision making process from the driveadoelerating, decelerating and changing lanes.
Results: The individuality of each of these processes ap&am the model parameters that are
randomly generated from statistical distributiontraduced as input parametefSonclusion: This
allows the integration of the individuality factof the population elements yielding knowledge on
various driving modes at wide variety of situations
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INTRODUCTION known before entering into traffic system design
(Manneringet al., 2008).
There are several research projects on
cooperatively detecting vehicles from approachingCongestion: Jamming or blocking of road due to
ramps, invisible corners, intersections, vehicleshe overwhelming traffic is called as congestion. Ccatiga
wrong lane, vehicles traveling at extremely dangsro can be classified into recurring and non-recurring
speeds and vehicles wrongly stopping or runningaon congestion. Recurring congestion occurs at sanaidoc
motorway shoulder. at same time every day, but Non-Recurring congestio
Before going to Safety against Dangerous vehicleoccurs when a crash or unusual event occurs.
and situations, generally we make use of TraffitaDa Recurring congestion can be solved by proper trip
for Predicting where roads should be built or edsth  planning but it cannot solve Non-Recurring
in future, To Design bridges and pavements tocongestion (Al-Mutairet al., 2009).
withstand predicted traffic, To Analyze air quality
urban areas, To Alert drivers about congestion andapacity of the road: The theoretical number of vehicles
accidents and to control traffic signals. But inaso  that can use a segment of highway. The capaciylarfie
be used for Real Time Traffic Control and archived.  at ideal condition is 2400 Vehicles Per Hour (VPH)
Then it can be focused on the use of ad ho¢Schadschneider, 2000).
communications to detect dangerous vehicles orsraad In case of incidents, there is tremendous impact o
highways in order to have intelligent safe trantgtm. capacity. Even if one lane is blocked, the capacity
decreases heavily because of “Rubber Necking” and
System analysis: The study of traffic behavior in “Merging Maneuver”. Rubber Necking occurs because
highways is a subject of interdisciplinary interésth  of people slowing down to look at a crash. Merging
to do with the real problems of congestion in highey  Maneuver section occurs due to additional turbw@enc
and as an example of a complex system that igdan f during merging (Kiencke and Nielsen, 2005).
being completely understood. This system has specia  When we think about solution for this problem, the
characteristics that limit the capability to perfor situation is so that building new roads to incretse
experiments. There are various terms which areeto bcapacity cannot compete with the increasing corayest
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So we have to maximize operational efficiency of DSRC
existing facilities by providing real-time traveler [
. —_—
Information. Ve 1
Communications Communications

Communications: Now it is focused on the use of
communications to detect dangerous vehicles onsroadkig. 1: Dedicated short range communications
and highways and how it could be used to enhance

driver safety (Me.jriet.al., 2010). . Application layer
Safety application is based on Dedicated Short Message dispatcher

Range Communications (DSRC). Rest ofclorr}rr?unication
5.9 GHz Band with communication range of 1000 (Link layer, phyeical layer)

meters is being used in USA. As shown in Fig. Jhitles
can communicate with each other (V2C) and withgig 2: | ayers of message communication
roadside infrastructure (V2l).

Vehicle

Communication messages:There are several data Application layer
needed for different safety applications to handle Cure Emergency
various situations (Vegni and Little, 2010). Thefeba weming brake

Acce, speed, position,

Applications include periodic and_ event-driven . qeed posiion. - i
messages. The Table 1 describes the differenceebatw  tracking control -7 " brake, antilock and
h N d t | One set of data traction control
t em In detaill. (acce speed. position

brake, antilock and
traction ctrl)

Data elements:There are several data elements needed
for different safety applications to complete thigibs.

For example data elements like speed, Acceleration,
position. For efficient exchange of data elements
redundancy has to be avoided. Some data that chan
their values quickly like Position of the vehicleistbe  Taple 1: Comparison of periodic and event-driveissages

DSRC radio

g(leq 3: Message dispatcher architecture

sent frequently. Periodic messages Event-driven messages

The various data elements and their requirementswareness of environment Detection of unsafe sitnat
for various Safety applications (Marques and NevesTo inform nearby
Silva, 2005) are listed in Table 2. vehicles about vehicle’s These are végh Ipriority msgs

current status like speed, like loaatiime and event type
. . . osition and direction

Message dispatcher:As shown in Fig. 3, these data 'II)'his data helps other This data helps other vehide
elements have to be gathered and compressed iBto Ofehicles to avoid unsafe avoid unsafe situatiotes af
packet to be sent to nearby vehicles and infrasieic  situations even before occurrence of an eventrfer o
Using data element compression and single hop tasad ?ﬁgsgcr%‘égsages e Ve?'hci':is sent only when some
communlc_altlc_)n, the npmber .Of messages t(.).be .SérhIGNI broadcasted frequently serious situation occurs
reduced significantly improving channel utilizaidBAE  gych messages cause The challenge is that all
(Society of Automotive Engineers) has identified 7O0broadcast storm problem, vehicles intended to litenef
standard elements which can also be extended dfedee leading to contention, from these messages receive
There are few fields to define each element. packet collisions and them correctly and quickly

inefficient use of wireless channel

Fields: Message construction:As shown in Fig. 2, message

. Standard name dispatcher divides message into 3 parts (Burks§}t96

e Unique Identifier « Data frames for Physical and Link Layer

e Unit of Measure « Data elements for Message Dispatcher layer and
» Accuracy of measure * Newly defined terms for Application Layer

* Range of measure

« Description Advantages:

Related data elements can be combined to single Not single vehicle based technology (Eg: Parking
value to be stored in one data frame in specifieor Sensors)
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Table 2: Data elements required for safety appdoat

Signal Curve Emergency Precrash llisGm Turn Lane Stop sign No.
Data element violation ~ warning brake warning wagni  assistant  warning assistant of uses
Acceleration v v v v v v v v 8
Airbag count v 1
Antilock brake state Vv v v 3
DSRC message ID Vv v v v v v v v 8
Elevation v v 2
Heading v v v v v v v v 8
Speed v v v v v v v 7
Vehicle length v v v v v 5
Vehicle mass v v v v 4
’ Veh!cles need not be in Line of Sight MO - Instantaneous acceleration of vehicle i
* Vehicles share data dt
AX;(t) = Front bumper to back bumper distance
MATERIALS AND METHODS between i and i+1
) ) _ o AVi(t) = Relative speed;\{ ()-Vi(t) If this is positive,
Design of intelligent safety applicationsThere are 5 distance of car i from car i+1 is growing
categories of Intelligent Safety Applications (Ara& -1, j+1 = Back and front cars on left lane witispect
al., 1996) such as: to vehicle i
k-1, k+1= Back and front cars on right lane wrtickhi
* Intersection collision avoidance Lane = Representation of'iLane
e Public safety n, = Number of vehicles in Lane i
e Sign Extension
e Vehicle diagnostics and maintenance Model input parameters:
» Information from other vehicles
Parameter Symbol
Vehicular mobility modeling: There is always a Acceleration a
tradeoff between complexity and precision duringDeC¢|efatl0n . b
modeling (Hoogendoorn and Bovy, 2001). There are Maximum allowed/desired speed ma)
mobility models based on the trade off. They are: Minimum allowed/desired speed mi¥
Bumper to bumper safety distance NXgate
»  Macroscopic models-Vehicular Traffic is considered Safety time headway Atgate
as continuous flow. Density or mean velocity ofscar Driver's reaction time T
are modeled using fluid dynamics theory Time step (Discrete-Time Models) At
* Macroscopic models-Individual mobile entities are Space step (Discrete Space Models) JAV
modeled at an aggregate level, exploiting gadnitial velocity of X; Uj

kinetic and queuing theory results

* Microscopic models-Each vehicle’s movement is The Intelligent safety application System is a
represented in great detail, its dynamics treatediistributed intelligent control system that ensusege
independently from those of other cars, except fokehicle maneuver on road and intersections. Thesys
those near enough to have a direct impact on thensures that no two vehicles coming from different
driver's behavior. Produces fine grained real worldroads collide or interfere during transit or at the
situations, such as front-to-rear car interactitese  intersection region. It ensures that the time takeany
changing, flows merging at ramps and interactions  two vehicles on transit are separated by at |Aass.

(which depends on the length of the road sectigiore

Model's formal definition: and velocity of vehicles), by giving commands tajid
their velocities appropriately.

Where: In other words, it ensures that no two vehiclel wi

I = Vehicle under investigation be present in the particular point away from irdet®n

I+1 = Front (+) and back (-) vehicles in curresmé  region at any given instant of time. This system

Xi(t) = Position of vehicle i at time t involves: (i) determining the Sequence i.e., order

Vi(t)y = Speed of vehicle i at time t which vehicles move in the region (ii) ensuringesgaf
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at intersection region and (i) achieving an This is similar to the make span of a schedule. An

optimization goal such as minimizing the maximum alternative is to minimize the averafye
(At, Discrete time taken by a vehicle to reach the

intersection region) our goal is to ensure safeickeh

nl n2 n3
maneuver sections of road which involves the above Minimize f=—~ *[Zﬂtxi +YN +mekj
mentioned three sub problems. nl+n2+ n3 (iF = pe=t

We have made following assumptions while

formulating the optimization problem: Precedence constraint: This constraint is to ensure

that the vehicles within a road reach the intersact

infrastructure node is situated road-side near thé:9'o" according  to _the_ ascendmg_ order of their
intersection region. It performs all computatiomsia diStance from the region i.e., no vehicle overtakes
perceives the information to be given by each vehic €ading vehicle:

» A suitable communication infrastructure exists for
vehicles and roadside infrastructure node to For road At,, <At
communicate with each other.

« Initially, all the vehicles are at lealks,s distance
apart (safety distance) from their respective legdi
vehicle.

» Each vehicle has an intelligent control application Ki<n-1l
which takes y.x and time as input and ensures that

the vehicle reaches the intersection region intttv  Mutual exclusion constraint: This guarantees that no

periods by maintaining the speed below giveg v two vehicles are present in a particular point on
* Only those vehicles which are inside the Area ofparticular lane at any given instant of time. Imest

interest (Aol) are part of the system i.e., thetfifes  \ords, this condition ensures that before (j +18 th

(velocity, acceleration and distance) will be tek yehicle reaches the particular point, tHe yehicle
by roadside infrastructure node and commands can kgould have traveled through the region:

given to those vehicles to accelerate or decelerate
(Umeduet al., 2010)

* An intelligent (communication + computation)

Xi+1

Where:

For lane At,,, > At + DX

Specification of theAt optimization problem: In this i
part, we give the formulation of the optimization
function subject to constraints ensuring their safe \wyhere:
Consider a section of road with three lanes, as/shn

Fig. 4 where vehicles are represented by rectangles
(Knospeet al., 2000). It is assumed that Lawmentains
m; vehicles where ¥ i < 2 (Lane Index) and ¥ j <2
(Venhicle Index).

Kj<m-1

The above condition guarantees that no vehicles
from same road will be present in the intersection
region. To ensure vehicles from different roads als

Objective function: The objective is to minimize the gqnere to this safety criterion we have:

maximumAt (i.e., time taken by the vehicle says(¥
to reach the intersection region): ) Ax
>

safe

Ok, 1, m(|At, - At |
Minimize f = MAX(At , &, At ) v

_ , where, v will take value iy or v, or vz, depending on
whether Aty < Aty or Aty < Atgy Or Atz < Aty
respectively and k ,| and m represent vehicle index
numbers.

Safety constraint: This constraint ensures that safe
distance is always maintained between consecutive
vehicles on the same lane, before they enter thgene
region. Consider two such consecutive vehiclesind
X+ on Lane For safety, the following condition
Fig. 4: Model's formal definition needs to be ensured:
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DAtD(O,Atij) S~ 5 >0 % System input: 0;,j Sj, Uj, AXsare@Nd Myax .

System output: [jAt;. The acceleration or
deceleration commands to be given to each vehate c
be computed offline from the output of system using

Distance betweenyxand x;.q is given by:

S (40 =5 (A0 =( 830 (9= ( W) "t 3 )

2% (s, — U, *At,
~(5(09~(y *t+3 *£)) = f(t) Oi, ja 2w ‘A:z’ h)
Ensuring fin(t) > AXsse Will guarantee safety RESULTS
criteria. On simplification, the following constraiis
obtained: Implementation using SUMO: A car’s motion is
structured in trips, which are movements between
For lane( j vertices of the graph, referred to as destinatiand

randomly selected at each point in SUMO simulator.

At the beginning of each trip, a vehicle i chooses

. (uij - ui(j+1))
it a; >a, and———=<Af | ther

i) (a1 v ) its next destination, computes the route to it doyning
(im)-% - o
, a shortest path algorithm on the graph with linktso
(Uu‘Ui(,-+1)) possibly biased by parameters such as road length,
So(0-5(0- 1> Speed limits, traff tion and
(1) . peed limits, traffic congestion and so on.
(2 (aii 6\(,-+1))) Then it sets its speed to:

else Vi :Vmin +n(Vmax _VmirD

Mutual Exclusion Constraint guarantees that the

safety criteria will be satisfied. where, n is uniformly distributed random variable in

Lower bound on time: This imposes lower bound on (Manneringet al., 2008).

the time taken by any vehicle to reach intersectionspeed update:Speed is varied by random acceleration
region with the help of Max, maximum velocity any ;¢ aximum magnitude a. If we define ap is

vehicle can attain: uniformly distributed in (Manneringt al., 2008), then
s rule is expressed as:
j

For Lane [JjA | 2
Viuax V, (t+At) =V, (t) +1 aAt

where, g is the initial distance from intersection region

ie. attime instantt = O. Speed bounding: At any time, Speed of a vehicle

cannot be lower than a minimum valug;Vand cannot
Equality constraint on velocity: This constraint relates €xceed maximum value . This constraint is
the velocity of vehicle at the intersection regimnits ~ enforced as:

initial velocity, the distance traveled and theditaken

to do so (Wededt al., 2009): V,(t+At) =min min{ maxmax Y[ t At),Vmin],Vmax}
Forlare, ,Ojv; :ﬁ_uij Speed reduction:In order to avoid overlapping, that is
Ay a collision situation, with the front vehicle, ammum

safety distance must be maintained:
Other constraints: These constraints impose limits on
the velocity and acceleration range of vehicles:

safe

a.
V., (t) ——=if AX, (t) < AX
ForlaneDj\{T Sv<V_ A, <a<A Vi(t+At): |+1() 2 |()
oo AT e > V,(t + At)otherwise
After replacing all y in the above set of constraints
using the equality constraint on velocity, the egstis ~ Basic equation of traffic stream model:In a segment,
left with the following design variable (s)t;: Number of vehicles on it can vary due to vehicles
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entering or leaving the segment. It leads to the Helly’'s Linear Model solution to it is:
continuity equation:

dV,(t)
B2 = KAV, (t - 1) + K, [ AX (t = 1) = AX (1)
o 29 o6 MU v, (1 -0) + K[ (1= 1) = 8%,ul0)]
ot 0X 0x Axdes(t) =K ,+K Y i(t —’E)+ K dei ((:t_T)
Where:
p = Density _ where, k, k,, ks, ks and k are constants to be calibrated
dx = Small road section according to traffic scenario.
dt = Small interval
g = Corresponding flow Intelligent driver model: provides solution to it as:
op_d dp . . 4 2
—=-—(pV(p))=- assuming velocity as dvi(t) _ Vi(t) DX (1)
ot dp 0X T\ =g - 2L | | Zdest/
_ . dt V... AX (1)
function of density. Speed of each car as a
monotonically decreasing function of vehicular dgns
forcing a lower bound on the velocity when theftcaf Where:
congestion reaches a critical state: Vi) . .
v - Desired acceleration
= p(x.t) X oedY) — Braking deceleration:
Vi (t +At) = max ma{ Vo :\Aa{ - o ﬂ AX (1) g '
where,p (x, 1) is current density of road being travelled Xy (1) =X ot |V (1) V; (t)avi(t)
by i. 2Jab
By fluid traffic motion model:
p(x, t)=|E Where:
AXsare= Minimum bumper to bumper distance
Where: @Sm —_I\'<I/:n|r_num safe tllme thead
n = Number of vehicles on same road of i and aya = viaximum acceleration
B = Maximum deceleration

| = Length of the road segment itself

d Krauss model: provides solution to it as Safe speed of

So by this vehicles on crowded streets are fotae
vehicle i to maintain safe distance:

slow down to minimum speed, speed of vehicles
increased to maximum value when less congested road

are encountered. VS + A =V DX (t) =1V, (1)
[v +vwm//
Car following models: Describe the behavior of each b+t
driver in relation to its neighboring vehicles (Rean
and Dia, 2005). Final value of speed with the stochastic noise
factorn (Manneringet al., 2008) random of maximum
Follow the leader model: % Kj.

» It considers only the vehicle at front

* Motion of vehicle is function of the state of velic
at front

e The speed or acceleration depend on factors sudR be:
as distance from the front car, absolute and r&ati

Gibb’s model: for collision avoidance Car Following
Motion Minimum Safety distance at each time instant

speed or acceleration of both vehicles AX, (t-7) ,[V (t-7)+V(®]
dvi(t) _ V(1) Vo, (t-1)
p —f |:V Via )l DX (1) :I t— 2b + AtsafeVI( ) : 2b
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Fig. 5: Screen shot of the simulation using SUMTBA
Fig. 7: Velocity response to the changes in thedLea
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Fig. 6: Velocity response to the changes in thedLea ﬁ -
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Four different tests were carried out to obsehge t _ ) o
system behavior by logging the host speed andiposit Fig. 8: Lane changing schema while vehicle i waats

with time. The Fig. 5 shows the simulation perfodme change lane
using SUMO Vehicular simulator.
The Fig. 6 shows the Graph of results obtained. We can observe from the graph that during the

time interval 5-6s and 7-8s when the Distance was
DISCUSSION constant, the on demand acceleration is not invelked

The experimental vehicle was able to maintain itsduring other time intervals, it is invoked whenetee
speed equivalent to the maximum allowed speed witlistance changes by considering threshold value in
tolerance of +3 m/s in Follow the Leader model caseurple color (which was set to 3.5 cm Sefor this
where there was one leading vehicle. experiment).

In_Intelligent Driver case where leading vehicle  yehicles on the road follow the idea stated on
was moving with non uniform velocity at a ConStantprevious sections, that is, to maintain a certain

B2B, a delay of 0.5s was observed in its VeIOCitydistance from their precedent and to maintain a
response to the changes in the environment whioh ca P

be attributed to its physical characteristics. Teégults ~ certain value of speed, related to the imposeel o
of these experiments with description can be found. ~ Nevertheless, there are drivers that tend to dahave

The next set of experiments tested the two-levethe speed limit and others that tend to drive befloat
safety speed maintenance design using Krauss arghme speed limit (Sipper, 2002). The consequence is
Gibb’s model. These experiments captured the systefmat drivers will change between lanes, in order to

behavior W%en tge Eptehed tuEzdatte ta:?jksbof EOt? id;]rescrt] achieve a better self satisfying situation. Thdsanges
were considered, both at front and back ot the Osz!lre made, by each driver, taking into consideration

vehicle but only when necessary. i .
The velocity response of the host vehicle with thethe position and the speed of the nearby vehictes,

use of the real-time repository where the leading a @void the occurrence of collisions. And it is shoin
following distance increases in time intervals Os5sl Fig. 8 as a schema of how these actions are
6-7s, kept constant between 5-6s and 7-8s and thémplemented. Note that vehicle i is the vehiclettha
gradually reduced from 8s-12s is shown in Fig. 7. wants to change lane.
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CONCLUSION

The proposed model implements the vehicle

behavior as well as the human component of theedriv
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vehicle. So car under study can reach and keep
desired speed
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and thus has to reduce its speed to keep at a safe
distance

Unconscious Reaction-The vehicle is at short
distance from vehicle in front, the speed diffeeenc
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