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Abstract—The rapid development of urban cities including the increase in population has led to an exponentially growing number of
vehicles on the roads for the latter to commute. This is often adding to the already overbearing problem of traffic jams. This traffic
congestion is because of fixed time intervals in the traffic light controllers. Short span and costly solutions of road infrastructure expansions
are not suitable at present. Searching for an accurate solution through brute force to ease traffic congestion might not be the feasible
solution. So one possible solution for this is to optimize the signal timings of traffic light controllers. Nature-inspired algorithms including
evolutionary and swarm intelligence algorithms are gaining tons of momentum. Many of those algorithms are utilized in the last 20 years to
deal with different applications including traffic light control. Out of them, the firefly algorithm provides better optimization.

. INTRODUCTION

Due to economic development, the transport mediums have increased. Because of this, traffic congestion has increased
everywhere. This leads to longer waiting hours and wastage of fuel. To solve the problem of traffic congestion the pre-defined
Traffic signal timings must be replaced with dynamic signal timings.

This can be done by considering the no. of. vehicles, average speed, and the average distance between the vehicles on each
lane.

II.RELATED WORK

1. The authors in [1] used a genetic algorithm for the optimization of traffic light controllers. This method was applied
to a single intersection and it provided a 3.5% reduction in emission.

2. The authors of [2] used Particle Swarm Optimization and it produced 41% better results compared to fixed time
traffic light controllers.

3. The authors in [3] used Ant Colony Optimization for optimization and produced better delay by almost 5%

4. The authors in [4] compared Particle Swarm Optimization and Genetic algorithm and the results showed that
Particle swarm optimization produced better optimization

5. the authors in [5] concluded that the firefly algorithm provides better optimization than Particle Swarm
Optimization.

11l. PROPOSED MODEL

A sample model consisting of three parallel lanes is designed and at three lanes, an IR sensor is placed. These sensors detect
the vehicle and the count is updated through code. The IR sensors are placed at the starting point of the road such that it
detects the vehicles along that road. The traffic lights are created using red and green LEDs. The LEDs are controlled using a
single control signal and the limiting resistor is placed to limit the current flow through the LED s and prevent them from
damage.

This is a simple, cost-effective model that can be implemented for the control of traffic congestion.

This case we created is helpful for highways, tunnels, etc.

Suppose two parallel roads are connecting to a tunnel, then the length of the tunnel cannot be increased to accumulate all
these vehicles. In such cases, traffic management is most needed, and the model that was created was useful in such cases.
The Fig 1 and Fig 2 shows the traffic jam on the national highway in Jammu & Kashmir. There the roads were closed for 2
days due to bad weather after that when they are reopened there were traffic jams everywhere.

106



Figure 1: Tunnel

A.Hardware Implementation:
The components required for the created model are:

1.

o o os wN

Arduino Uno

Green LEDs

RED LEDs

Limiting resistors

IR sensors

Connecting wires

The schematic diagram of proposed model is shown Fig 3:

Figure 3:Wiring Diagram
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A. Software Implementation:

The Arduino is coded in python. The results of the above model need to be passed to the firefly algorithm which was in
python. So the Arduino was also coded in python to make the code compatible. Using Firmata protocol, Arduino can be
coded in python along with many other languages. First, the standard firmata code is loaded in Arduino, and then the python
code is run using an anaconda prompt.

Firmata:

The firmata is employed for communication with the software on the host computer. This firmware establishes a
protocol for communicating to the Arduino from the host software. It allows us to manage the Arduino from software on the
host computer. Any microcontroller boards that support firmata protocol will be coded in numerous languages. It supports
almost 21 languages .some of which are
Python, Perl, Ruby, Clojure, javascript, java, .NET, PHP, etc.

B. Firefly Algorithm:
The firefly algorithm is a swarm-based metaheuristic algorithm that depends on the behavior of fireflies.

Its three main characteristics are:
1. Fireflies are unisexual so every firefly gets attracted towards the other.

2. The attractiveness and brightness are proportional to each other and they both decrease as their distance increases.
Thus, between any two emitting fireflies the less bright one will move toward the brighter one. If there is no
brighter one than a selected firefly, it’ll move randomly.

3. The brightness of a firefly is decided by the landscape of the objective function.
The Block diagram of the firefly algorithm is given Fig 4:

)

Start \

Initialize Fireﬂi'es with Random
Position and Brightness

For Each Firefly

i

Evaluate Fiteness Nenxt Particle

Update position

if fitness(xi)>fintness(nbest)

nbest=x

if / \
45&1@—4 terminate

;

Update Velocity

Gbest->Output

End )

Figure 4:Block Diagram
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The paper[6] clearly states the steps involved in firefly algorithm:
Steps involved in Firefly Algorithm:

1. The Objective function is defined by: f (x),x=(x1,x2,...,xd));
2. State the initial population of firefliesxr(r=1,2,...,n);
3. Calculate Intensity of Light I in order that it is related with f (x)
4. Find absorption coefficient Y
While (k < MaximumGeneration)

for p=1:m (for m no of fireflies)
for g=1: p(n fireflies)
if (p>0),
Vary attractiveness with distance r via e**( -Y)
Find new solution and update light intensity;
end if block
end for q
end for p
Rank all the fireflies and find the current best;
end while loop
The initial population of fireflies is found using the formula given in Eql
Xi=LB +rand - (UB = LB)......ccccrveveure. (1

Where Xi is that the solution for ith firefly. LB and UB are the lower boundaries and upper boundary of the solution which
is defined according to the problem statement.

For the problem statement considered in this, the lower boundary is 30 seconds and the upper boundary is three minutes.
The distance between two fireflies is calculated using Eq 2

D
i 2
ryj= Ix; — X;|I = E (x4 —Xja)
\d=1 ........... 2)

Where r; is considered as the distance between an ith firefly and jth firefly. If ry is more, then the fireflies are farther from
each other and the comparison parameters will become less effective.

The light intensity of the fireflies can be calculated using Eq 3

Where 1, is the intensity of light when r=0 and the Y is the coefficient of light absorption.
The attractiveness of firefly can be found using the formula given in Eq4

Br)=Poe™"
Where B, is the attractiveness at r=0.
The firefly moving towards one another is given by the Eq 5

X1+ D)=x;(O+Ax;(0) ... )
The less attractive firefly will move towards a more attractive firefly.
Fireflies move towards each other at every iteration and give optimized results and random movement is shown in Fig 5.
To get the optimized result the values of the parameters must be
1. Randomization Parameter, a=0.8

2. Attractiveness Parameter, § =0.25
3. Absorption Coefficient, Y =0.0001
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Using exactly these values can improve the accuracy of the result, Normally Y value can be up to 4 and a must be or
adequate to 1.

Figure 5:Random movement of fireflies

IV.RESULT

The output of the firefly algorithm is given to the LED s that were connected in the sample model. The result was displayed
in a graphical format and the same was given to LEDs. Fig 6 displays the sample result for 3 lanes and Fig 7 displays the
sample result for 10 lanes.

V.CONCLUSION

With the rapid development of cities, short-term and costly solutions are not suitable for traffic light controllers. So, an
optimum and low-cost solution must be developed. The swarm-based algorithms are gaining a lot of momentum in the last two
decades to address the traffic problems. Out of the swarm-based algorithms, the firefly algorithm can produce the most
optimum solution at a low cost.
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