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Abstract— Traffic accidents mostly at junctions are intensifying
as the traffic in urban areas is increasing. Due to a huge number
of accidents at junctions, there is an immense need of a method to
control or minimize the accidents around the junction areas. This
paper presents a method of smart traffic signaling that informs
the vehicles to stop, accelerate or decelerate near the junction, to
minimize the overall accident rate. The proposed method allows
the traffic light controller to control the timing of traffic lights in
the emergency situations and also to inform the vehicles about
the same. The suggested algorithm shows a much better
performance than the conventional traffic light control system.
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I. INTRODUCTION

The increasing number of vehicles on the road in urban cities
have increased the probability of accidents which usually
occurred around the junction areas. Although traffic lights are
playing an important role in controlling the traffic flow but
still the rate of occurring accidents on roads and particularly
around junction areas are increasing due to the increase in the
on-road vehicles in the metropolitan cities. These accidents
are caused by human errors such as perceptual error, response
error, distraction error, and so on [1].
Vehicular Adhoc Networks (VANET) has been introduced to
overcome traffic related issues such as congestion, traffic
safety, fuel consumption and provide infotainment services to
the drivers and passengers. IEEE has standardized Dedicated
Short Range Communication (DSRC) for VANET
communication [2].
VANET is categorized in three types such as vehicle-to-
vehicle  (V2V), vehicle-to-infrastructure  (V2l) and
infrastructure-to-vehicle (12V). Vehicle in VANET are
classified in 5 levels by the national highway safety
administration (NHTSA) [3].
e Manual driving vehicle
considered as level ‘0.
o Limited automation vehicles are considered as level ‘1’ and
2°.
o Fully automated but offering limited safety environment are
considered as level ‘3°.

i.e., without automation are

e Fully automated vehicles with all safety features are
considered as level ‘4’.

One of the main element to control the road accident is the
traffic signal light control at the junctions [4]. Traffic lights are
used as visual indication to control traffic flow at junctions.
Green interval is the time of the green traffic light signal that
indicates the moving direction of the vehicles in the specified
direction, and usually its timing is between 50 to 100 seconds.
Yellow interval is the time of yellow traffic light signal that
indicates that the red traffic signal is about to appear and it is a
sort of warning signal with usual timing of 2 to 10 seconds.
Red interval is the time of red traffic light signal that directs
the vehicles to stop and wait for the green light to appear,
usually its timing is between 50 to 100 seconds.

Roxanne Hawi et al. [5] presented a smart traffic light
system using sensor networks and fuzzy logics. Sensor
network is supposed to gather real time traffic data and then
aggregated data is sent to the fuzzy logic controller having two
inputs i.e., traffic quantity and waiting time. Based on the
inputs the fuzzy logic controller gives priority degree (PD)
output. The lane with highest PD value is assigned green light
first and then the next, and so on.

Anilloy Frank et al. [6] presented a traffic congestion
control mechanism using image processing. Based on the real
time image the vehicles are directed towards the junction to
reduce the congestion in the particular area. Authors in [6] also
presents a traffic congestion control system using real time
vehicle density with the help of canny edge detection. Mozan
Li et al. [7] provide a study on the yellow light dilemma and its
factors. Yellow light dilemma is an area near the junction
where vehicles neither can stop nor can proceed safely through
the junction. The reported studies [6, 7] focus on the traffic
congestion control by using smart traffic light signaling.

In this paper, we propose a smart traffic light control
system that can prevent accidents at the junctions. As the
vehicle proceed towards the junction, the traffic light will
inform the vehicle either it can cross the junction in the
allowable time or not.

The rest of the paper is organized as follows, Section Il
describes the proposed scheme. The performance evaluation
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of the proposed procedures is discussed in Section I11. Section
IV includes the conclusion and future work.

Il. PROPOSED SCHEME

Vehicles moving towards the junction can enter the junction
instead of stopping on the red signal light because of the
yellow light dilemma. It means that a driver may think of
crossing the junction while the yellow light appears but he
cannot make it in time and subsequently the red light appears.
In Fig. 1 we can see that vehicle 1 in edgel is moving towards
the junction and another vehicle 2 from edge 2 is also moving
towards the same junction. Due to yellow light dilemma they
collide on the junction. To prevent such accidents we propose
a smart traffic signal light control mechanism. Traffic light
sends warning message to the vehicles that cannot cross the
road before the appearance of the red light. If the vehicle
decelerates its speed then the traffic light timing will be on
regular schedule. If the vehicle proceeds in same speed
towards the junction then the traffic light controller
reschedules its timing by increasing the timing of yellow light
a few more seconds to let the vehicle proceed safely. This will
ultimately prevent accidents in junctions. The time at which
the vehicle can cross the junction is given as follows:
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Figure 1. A typical urban city traffic scenario presenting accident near
junction.

Teo =tet+ty (1)
Where Tg, is the time by which vehicle can cross the junction,
te is the time of green traffic light timing and ty represents the

yellow traffic light timing. Vehicle approaching time and
junction cross time can be calculated as follows:

Ty =2 0

Where Ty is the vehicle traveling time, dy is the distance from
the junction and Sy is the speed of the vehicle. The time a
vehicle takes to cross the junction is given as follows:

T =2 @3)

In (3), T represents the vehicle traveling time to cross the
junction, l;is the length of the junction and Sy corresponds the
speed of the vehicle.

Algorithm 1. Traffic light Scheduling

if Tanow < tv+ {j then
Inform the vehicle to stop as it cannot pass the junction or
inform it to accelerate to pass.
if Svt = Svi+1 then
Teo = to+ ty + 2{( tv+ tj) — (tc+ ty)} for edge 1
Adding extra time to edge 1 to let vehicle proceed.
Tstop = trt 2{( tv+ tj) — (te+ tv)} for edge 2
Stopping vehicles at edge 2 for same period of time.
end if
else
Proceed to go
end if

Algorithm.1 demonstrates the explanation of suggested
scheme. It first checks vehicle time (Ty) to reach the junction
combined with the time that vehicle takes to cross the junction
i.e. Tj which should be less than the allowable time to cross
the junction. In this case it can easily cross the junction
without any collision. But if it is not so, then the traffic light
has to inform the vehicle to decelerate its speed and stop
before the junction. If the speed of vehicle remains same then
the traffic lights are rescheduled to let this vehicle to pass the
junction.

I11.PERFORMANCE EVALUATION

In this section, we evaluate the performance of our proposed
smart traffic light signalling to prevent accidents near junction
areas. Our performance shows that the chances of accident are
considerably minimized with intimation prior to the danger.
This intimation helps the drivers to react with in time to
prevent accidents. Simulation is done in MATLAB and
simulation parameters are given in Table 1, where we have
different values for two different cases. Case 1 is for checking
the chances of accident with respect to speed where case 2
represents the checking of the chances of accident with respect
to green traffic light signal. Figure 2 shows the chances of
accident with respect to speed of vehicle, as the speed of
vehicle increases the chances of collision at the junction
increases. In this case we put the traffic light timing constant
and changed the speed of vehicle to check the performance.
We can see the difference of with prior intimation and without
prior intimation. Figure 3 depicts the chances of accident with
respect to green traffic light timing, as the green light timing is
increased the chances of collision increases because the




vehicle get closer to the junction and it cannot get enough time

for reaction.

TABLE 1. SIMULATION PARAMETERS

No | Parameter Value

1 Vehicle speed for case 1 50 (km/h)

2 Traffic green light timing for
case 1

0, 5, 10, 15, 20 (sec)

3 Vehicle speed for case 2 10, 15, 20, 25, 30 (km/h)

4 Traffic green light timing for 40 (sec)
case 2

5 Traffic yellow light timing 10 (sec)

6 Drivers reaction time 10 (sec)

7 Distance of vehicle from 500 (m)
junction

8 Junction length 80 (m)
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Figure 2. Chances of accident near junction area with respect to speed of
vehicle.
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Figure 3. Chances of accident near junction area with respect to traffic light

timing.

1VV.CONCLUSION

This study proposed a method of smart traffic signaling that
informs the vehicles to stop, accelerate or decelerate near the
junction, aiming to reduce the rate of accidents. The proposed
method allows the traffic light controller to control the timing
of traffic lights in the emergency situations and also to inform
the vehicles about the same. Vehicle are informed by the
traffic lights that either within the current speed they can cross
the junction before the red light appears or not, which is a
better approach to prevent accidents near junction areas. We
have shown through presented results that on-time intimation
to the drivers help in preventing the accidents. For future work
we will try to implement the same scenario in realistic
simulator such as OMNET, SUMO and VEINS.
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