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Abstract— with the increasing vehicle ratio on our roads, a lot of factors such as pollution, time constraints and 
environmental factors need to be addressed. One main issue to be addressed is traffic congestion during the peak 
hours. This issue affects drivers in numerous ways including loss of productive working hours by lining up in traffic 
queue. It also leads to loss of natural resource such as fossil fuel used by the vehicle engine while the car is running 
but lining up in traffic. 
In this paper, we propose an intelligent sensor-based traffic light control system. To analyze and compare 
performance, the system was implemented in MATLAB/SIMULINK and simulation results demonstrate the 
feasibility and high accuracy of the proposed intelligent traffic light system.  
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1 Introduction 
The very occurring urbanization from rural localities 

in the gaze for a better life has led to a massive growth in 
the urban population and caused a great boost to the 
infrastructure industry. One of the overstretched 
infrastructures is the roads, a condition that came in 
existence with the increase in traffic [1]. With the high 
speed life that is being practiced today, traffic congestion 
is becoming an urgent issue to discuss and avoid. Traffic 
congestion leads to a decrease in the individual 
productivity and in that way of the society, as most of the 
productive working hours are wasted in traffic lines. The 
higher number of street vehicles, the limited road 
infrastructure and the absurd dissemination of the 
signaling system leads to the frequent chaotic congestion 
in today’s roads. Indirectly, traffic flow congestion leads 
to pollution as well, as the engine of the vehicles remain 
in majority of the case and a large amount of natural 
resource such as petrol and fuel is consumed without any 
useful outcome [2]. 

Another contributing factor for the traffic congestion 
problem in today’s modern society is the timing 
mechanism for the traffic light system. Today’s traffic 
light systems are majority timer based that is, all lights at 
an intersection will remain green and red for equal time 

interval simultaneously. Therefore, to reduce these 
problems significantly, a new mechanism such as 
intelligent based traffic light systems needs to be 
implemented by introducing Infrared sensor based 
automation techniques in the traffic lights system. This 
paper proposes an intelligent traffic light system, and 
presents performance analysis. 

An efficient and intelligent traffic lights system is 
being developed, as a solution for optimized road vehicle 
traffic flow and congestion avoidance.  

The traffic light system is designed as such that it will 
automatically change its light to the other as the traffic 
increases to a particular light. Through sensing the traffic 
there would not be traffic conjunction on any particular 
way but a traffic flow.  

The main objectives are to: 

 Propose a mathematical model and 
architecture design for the smart traffic light 
system.  

 Run computer visual simulation of the system 
for different scenarios.  

 Implementation and test the system.  
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In this paper, we propose model and implementation 
of an intelligent sensor-based traffic light control system.  
In the next paragraph, we present key findings from a 
literature review on the application of tracking marine 
vessels.  

 
 

2 Background 
The increasing speed of life, has increase the traffic 
congestion which is an issue in our day to day activities. 
It’s the major cause now which can bring down the 
production of each person and thereby, the society as lots 
of work hours are being wasted waiting at the traffic 
signal. The increase in the volume of cars, the inadequate 
infrastructure and the irrational distribution of the 
signaling system are the main factor of this chaotic 
congestion [1].  
 
The environment is also indirectly affected by this issue 
uprising as the pollution level increases as the engines 
remain. In most of cases, a big number of natural 
resources in forms of petrol and diesel is used without 
any positive outcome [2]. 
 
The highly increase in the population of our towns and 
cities, the busy nature of the roads and need to increase 
one’s time, there comes a need for more dynamic, system 
design and efficient traffic manageable designs which 
seeks to overcome unnecessary congestion and 
lawlessness causes from undue delays [3].   
 
There is a need to comprehend the function of the traffic 
signals so that there is improvement in the driving habits 
by controlling the speed in order to decrease the number 
of traffic accidents [3][4].  
 
The more the number of drivers know the traffic 
operation the less frustrated they are going to be while 
waiting for the change in the state. The main aim will be 
to develop and implement the smart traffic light signal to 
overcome the waiting time of each lane of the cars and 
also to increase the total number of cars that can cross an 
intersection given the mathematical function to count the 
waiting time [4]. 
 
Under the conventional method, the traffic lights are set 
on the fixed timer delays for a different lane. The 
following lights are cycled while changing from one 
signal to the other signal creating the unwanted and 
congestion [1]. This method is currently used in Fiji and 
should be upgraded as it leads to many issues. This 

technique is very old and will not be able to cope with 
the current population density. 
 
We are proposed an optimized design and 
implementation of an intelligent traffic light system using 
an ultrasonic sensor [6]. This sensor is used to detect the 
distance of the vehicles and allows the traffic to flow if 
traffic lane busy. The system will enhance environmental 
safety and improve time constrains on the roads. 
Therefore, it is an efficient way of to control traffic in an 
optimized and efficient manner. System architecture and 
modeling are briefly described in the next paragraph. 
 
 
3 Methodology 
The proposed solution is to build a smart traffic light 
prototype that optimizes traffic congestion using sensors. 
A thorough extensive study was done in order to 
understand the interaction between hardware and 
software system components. Aaccurate data is collected 
from current functional traditional traffic light systems. 
Figure 1 shown below presents the system architecture. 
 

 
Fig. 1. Hardware implementation. 

 
The above block diagram describes a high level overview 
of  the hardware implementation of the system. A 240V 
AC is the main power supply which gets converted to 5V 
DC by the DC power source that further powers the 
controller and the sensor arrays [4]. The sensors deliver 
input to the controller which further performs logical 
operations in order to power the traffic lights. The circuit 
needs to be finalized and the schematic will be printed 
onto a PCB board on which all components will be 
soldered. 
 
We have used Ultrasonic sensors for traffic and vehicle 
detection. The time taken by the ultrasonic sensor are 
pulse to leave the sensor, it bumps off the surface, and 
return to its location which is the sensor. As the distance 
taken is the full length of the time travel but we only 
need half of its time, so we divide the time by two. The 
speed variable which is used by the sensor is the speed of 
the sound waves. As the speed of  sound changes in the 
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air due to reasons such as temperature and humidity. In 
order to get the accurate distance calculated, we need to 
consider the ambient temperature and humidity. 
 
Distance that sound travels = Speed of sound in Medium 
* Time that sounds travel. 
 
For instance, only half a distance travelled by the sound 
wave is taken between object and the sensor. 
 
Distance between sensor and object = 0.5 * Distance that 
sound travels. 
 
The formula for the speed of sound in air with 
temperature and humidity accounted for is: 
 
For the ultrasonic sensor the time is taken for only half a 
signals, as we only need half.  
 
Hence, the time taken is time / 2.  
 
Distance = Speed * Time / 2. 
 
Speed of sound at sea level is = 343 m/s or 34300 cm/s. 
 
Thus, Distance = 171.5 * Time. 
  
There will be four ultrasonic sensors interfaced with the 
Arduino board. These sensors will be read by Arduino 
and then, it will calculate the distance between the sensor 
and the vehicle. 
 
The total time it takes for the ultrasonic wave to 
propagate, hit the object, and then return signal back to 
the sensor. Therefore, we divide time by two [2]. 
 
s = (t * 0.034) / 2.0 
 
Figure 2 depicts the normal operation of Ultrasonic 
sensor. 
 
 
  

 
Fig. 2. Operation of Ultrasonic sensor [1]. 

 
Matlab and Simulink software will be used for the 
software implementation of this project. The FPGA 
software will be used for designing once the hardware 
implementation is complete. 
 
 
4 System Modeling 
The proposed system receive info from sensors in real-
time. The system processes info, generates and interprets 
results.  
 
The conventional method of traffic flow control is 
implemented with the fixed timers, which generates the 
operation cycle for a fixed time interval. Traffic flows are 
so inefficient and leads to traffic congestion and 
frustrations build up for many drivers, leading to 
accidents. For instance, if a timer is set for a green light is 
30 sec and yellow light is 5 sec, then to make one cycle 
for a signal will take 1.75 minutes to complete, leading to 
inefficiency of traffic vehicle flow. Figure 3 shows the 
conventional method of traffic control. 
  

 
Fig. 3. Conventional traffic control. 
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Table 1 shown below the traffic light state changes 
according to received inputs from the sensors. Table 
describes two lanes traffic behavior, going north and east. 
 

Table 1. Two lanes traffic behavior. 
Input  00 01 10 11 

GO 

North 

100001 GO N Wait 

N 

GO N Wait N 

WAIT 

North 

100010 GO E GO E GO E GO E 

GO 

East 

001100 GO E GO E Wait E Wait E 

WAIT 

East 

010100 GO N GO N GO N GO N 

NO 

Cars 

EAST NORTH BOTH 

 

 
Tables 2 and 3 show different combinations and 
input/output and the associated states. 
 

Table 2. Input/state combinations. 
State                          input   
No cars                       00                                                  
East cars                     01 
North Cars                 10 
Cars on both RD        11 
 

 Table 3. Output/state combinations. 
State                            Output  
Cars Going North       100001 
Stop North Cars          100010 
Cars Going East          001100 
Stop East Cars             010100 
 
Input data from sensors are generated by sensing car 
traffic flow on the particular lane. Received sensor data 
input is used to update system states in an automatic 
manner to avoid traffic congestion. 
 

5 System Implementation 
The proposed smart traffic light system hardware 
implementation and various components are shown in 
figure 4.  The main part of the project is the including the 
Arduino mega 2560 controller that reads signals from the 
HC-SR04 ultrasonic sensors and calculate the distance 
between vehicles and the traffic lights in order to 
optimize traffic flow and control traffic congestion. 
 

 
Fig. 4. Sensor-based 4-way traffic light system [8]. 

 
Proteus with Arduino software’s was used to implement 
the software circuit design. The circuit was constructed in 
Proteus and its code was written in Arduino. The hex file 
was uploaded onto the microcontroller in Proteus. 
 
Figure 5 shows the circuitry of a 4 way traffic light 
control system where every lane with be given fixed 
equal time for the traffic light to remain green. After the 
time is complete for a particular light at green, traffic 
light will change to yellow for a short period before it 
changes to red. Now all traffic lights will remain red and 
that represents that it is time for pedestrian crossing.  
  

 
Fig. 5. 4-way traffic light system. 
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Figure 6 shown below depicts a 4-way sensor based 
traffic light control system. The system is made up of 4 
infrared sensors. Each of the four sensors is connected to 
a particular traffic light. Each of the traffic lights 
represents a pre-defined the road and it is denoted by a 
given direction. 
 

 
Fig. 6. Scenario 1: 4-way traffic light system. 

 
Two logic states 0 and 1 are used in computer simulation 
to represent traffic density. The sensor state 0 logic 
represents no traffic follow and therefore pedestrian 
crossing is ON. However, the sensor state 1 represents a 
traffic situation where therefore pedestrian crossing is 
OFF and traffic light from red to green while the rest of 
the lights remain red. 
 
Figure 7 and 8 show various scenarios and the transition 
of  traffic light from red to yellow and then to green. 
When the logic state for the each side roads changes from 
0 to 1, the east side roads traffic light changed to green 
allowing traffic to flow only from the east direction. 
 

 

Fig. 7. Scenario 2: 4-way traffic light system. 
 

 
Fig. 8. Scenario 3: 4-way traffic light system. 

 
In a situation where there is higher traffic density 
elsewhere, the sensor will switch logic from 0 to 1 and 
the traffic light will change from red to green after a 
predetermined time delay. Time delay is introduced to 
avoid car collision.  
 
A well-planned traffic system is needed to avoid road 
accidents and give chances to emergency vehicles to pass 
through without any problems. The major challenge is to 
estimate traffic density at rush and not rush hours, 
therefore we conducted roads surveys at different times 
in various weather conditions in order to measure optimal 
system parameters. In the next section we present 
concluding remarks. 
 
  
6 Conclusion 
This paper discusses the design, implementation and 
validation of an intelligent traffic light system based on 
input data gathered from sensors. Computer simulation 
and actual prototype were used to validate the proposed 
design and to show its effectiveness. Obtained results 
show that the proposed system is promising and that it is 
effective in controlling road traffic flow and easing 
traffic congestion . We plan to extend this work further 
by applying other techniques and adding intelligence to 
the system controller to better optimize performance. 
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