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Abstract

The significant growth in the number of vehicles and the long intervals between traffic lights
make traffic control more challenging nowadays. To address this issue, we can implement an
image-processing-based traffic-light control system. In place of electronic sensors, the proposed
system will detect vehicles through images. The cameras positioned next to the traffic signal will
take pictures of the lanes, and the Image Processing technique in Python may be used to calculate
the number of vehicles in each lane. And the lane with the highest count will take precedence over
the other lanes. The traffic light is regulated by the amount of traffic on the road, thus using this
technology is beneficial for analysis and performance.
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1.  Introduction

Traffic signals ensure proper traffic flow, allow pedestrians or vehicles to cross a junction, and
help to reduce collisions between vehicles entering intersections from opposite directions. We are
quite familiar with the manual traffic control system, which involved stationing traffic police at
each intersection to signal traffic movements while sitting in a small hut. In this situation, traffic
congestion has become a major issue in most cities around the world, and it is time to transition
from a more manual or fixed timer mode to an automated system with decision-making
capabilities.

The motivation behind our project was based on our daily life observations. We keep
observing at intersections of roads that some lanes have heavy traffic compared to other lanes but
all signals in our country are timing based. Therefore, we cannot manage our time. Also due to
timing, the lighter dense roads are sometimes empty causing many people to cross the road, but
due to the green signal on this lane, the vehicles are moving at high speed increasing the risk of
accidents. So we thought about the solution that if we can determine the number of vehicles in
each lane and prioritize them accordingly, then we can manage the traffic efficiently.

2.  Literature Review

In paper [1], a system has been developed using image processing where the traffic density is
estimated by comparing the live image consisting of traffic with a reference image of an empty
road. The emergency vehicle is classified and detected with the help of a siren sound using signal
processing algorithms. The proposed system is developed by using a MATLAB software
package.
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In paper [2] the system is implemented in Matlab to reduce the traffic based on density. Four
main steps are considered for the system: a) image acquisition b) RGB to grayscale
transformation c) image enhancement and d) morphological operations. A camera is installed and
used to capture video of the highway. The video is recorded continuously in consecutive frames
and each frame is compared to the initial captured image. The total number of cars present in the
video is found using image processing algorithms. If the total number of cars exceeds a
predefined threshold, heavy traffic status is displayed as a message.

In paper [3], a smart traffic control system availing image processing as an instrument for
measuring density has been proposed. For this purpose, a complete technique from image
acquisition to edge detection and finally green signal allotment using four sample images of
different traffic conditions are illustrated with proper schematics. The final results are verified by
hardware implementation using Arduino UNO.

This system [4] focuses on using merging three different approaches efficiently it uses IR
Sensor in a passive mode, Real-time Background Subtraction in a semi-active mode, and
Real-time Canny Image Processing in an active mode

[5] The paper uses sensors for the detection of vehicles along with cameras. The sensors that
are used are ultrasonic sensors and a traffic CCTV camera is employed information received from
both sensor and camera are compared if both the data match then the green light is allocated.

Hence it is evident from the above literature reviews that each of the existing systems has its
limitations in terms of efficiency, cost, and complexity. The proposed system tries to overcome all
these limitations by using image processing techniques.

3. Systems In Existence

3.1. The Traditional System

The traditional traffic system was developed in the 20th century and the time for which the
signal was set to run was decided beforehand. Every lane had a predetermined time and
irrespective if there was traffic on a lane the traffic indicator would still count down from its
preset value, resulting in heavy traffic on other lanes. This system is still followed in several
countries, and is inefficient and results in poor time management.

3.2. Density-Based Traffic Control System using IR Sensors

The density-based traffic system calculates the amount of traffic on a specific lane using
vehicle detectors or sensors. In countries where there exists bumper-to-bumper traffic, designing
a smart traffic management system is highly important, to prevent accidents and save time. The
efficiency of the systems is dependent on how efficient the sensors are. The various sensors used
for vehicle detection include: [5]

4. Proposed System

Our system controls traffic lights based on image processing techniques. Here, the vehicles are
detected by considering the captured images instead of using timers or electronic sensors. A
camera is installed and used to capture video of the lanes. The video is recorded continuously in
consecutive frames and each frame is compared to the initial captured image. The total number of
cars present in the video is found using image processing algorithms. And after getting the full no
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of vehicles, the lane with the highest number of vehicles will be prioritized followed by
subsequent lanes. Thus, the proposed system will be implemented in Python.

The proposed system is implemented considering the following objectives. The system should
be able to prioritize according to the density of vehicles. In case of system failure, the traffic
signals should follow a default pattern. The system should prioritize lanes in such a way that
every lane receives a green light within a certain duration of time.

Video-based systems offer many advantages compared to traditional techniques. They provide
more traffic information, combine both surveillance and traffic control technologies, are easily
installed, and are scalable with progress in image processing techniques. The proposed system
aims to save the number of man-hours wasted at the signals and hence make effective utilization
of time. Implementation of our project will eliminate the need for traffic personnel at various
junctions for regulating traffic. With the help of this system, the traffic can be cleared without any
irregularities which will eventually help in reducing the number of accidents that take place. Thus
the use of this technology can be valuable for the analysis and performance improvement of road
traffic.

4.1. Block Diagram

Figure 1: Block Diagram Of The Proposed System

4.2. Working

The first block is the input block, this block is used to acquire the images from a camera,
which could be a CCTV camera or an IP-based camera, and then the acquired images are sent to a
laptop or desktop device where the image processing algorithm which is based on Python using
YOLOv4 which is used to extract the number of vehicles present in that respective image, further
the data that contains the number of vehicles is sent to the microcontroller using the serial
communication. After receiving the data from the serial communication the microcontroller
controls the traffic signal based on the received data.
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4.3. Flowchart

Figure 2: Flowchart Of The Proposed System
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5. Methodology

5.1.  Selection of Technology

The proposed system uses the best image processing algorithm that suits our requirements such
as faster processing, real-time detection, accuracy, etc. There are two types of technologies,
mainly edge detection and object detection, edge detection is helpful to find the edges of the
object whereas with object detection we can find the count of the object there are various types of
object detection algorithms such as different versions of You look only once (YOLO).

YOLOv4:

In 2020, the YOLOv4 was proposed by Alexey Bochkovskiy and it achieves a new benchmark
with the best balance of speed and accuracy. In theory, YOLOv4 is not very innovative. It adds
Weighted Residual Connection, Cross Stage Partial connection, Cross mini Batch Normalisation,
Self adversarial training, Mish activation, Mosaic data augmentation, and DropBlock based on
the original YOLO detection framework. CSP Darknet53 is selected as the backbone network,
and on this basis, the SPP module was attached to increase the receptive field to separate the most
important context features. Meanwhile, YOLOv4 uses PANet instead of FPN used in YOLOv3 as
the path aggregation method and follows the head structure of YOLOv3. Compared with the
YOLOv3, the accuracy and speed of the YOLOv4 are improved by 10% and 20% respectively.
[7]

5.2. Training of Algorithm for Detection of Vehicles

In this phase, we can use the dataset that will be used for training. The dataset contains the
images of vehicles/vehicles and a .csv file that contains the number of vehicles and the bounding
box locations of the vehicles, the training will be supervised training.

5.3. Communication between the Algorithm and Arduino

In this phase, the output of the image processing algorithm needs to be utilized by the Arduino,
so the output needs a way to transfer the data to the Arduino. It could be using serial
communication or wireless communication. For serial communication, the python package viz.
“Pyserial” can be used for the transfer of data between Arduino and Python.

5.4. Controlling Traffic Lights using Arduino

In this phase the pattern obtained from the Python will be used in order to prioritize the lanes for
efficient traffic management, the controls of Arduino will involve a two-step process i.e. Lane
activation, in which the Arduino will control the lights such that one lane will remain active and
others will remain inactive meaning lanes will be having red light, the next step will be Lane
transition, in this step, the green light will be jumping from one lane to another lane, so yellow
light timings, as well as green light timings, need to be coordinated.
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6. Software Testing

6.1. Simulation of YOLOv4

(a)

(b)

(c)
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(d)

Figure 3: Result Produced By The Algorithm For Different Lanes
(a) Lane 1 (B) Lane 2 (C)  Lane 3 (D) Lane 4

Figure 4: Comparison Of Different Lanes

7. Hardware Implementation

Figure 5: Circuit Diagram For The Proposed Experimental Setup
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The hardware module consists of an Arduino board used to control LEDs representing the
red, yellow, and green lights. Here the camera shown is a wireless camera that is connected to the
laptop. The laptop is connected to the Arduino using serial communication. The LEDs are
connected to the digital pins of the Arduino via current-limiting resistors.

Figure  6: Hardware Implementation Of A Four-Way Traffic Intersection

8. Results and Discussion

In the above simulation, we have used different videos of traffic and used the image tracking
algorithm to find the count of vehicles and based on the count, the lanes will be prioritized, In the
above example lane 3 will be the most priority followed by lane 1, lane 4 and lane 2, in order to
clear the traffic in the efficient way possible. Further, the accuracy of the algorithm is in the range
of 85%-92% when the traffic is spread out as well as the camera placement is at a convenient
height, if the camera placement is low as seen in Lane 3 then the accuracy of the algorithm will
drop in the range of 61%-70%, as the algorithm will only have to work with a small section of the
vehicle and to classify it as whether it is a vehicle or not.

9. Conclusion

Image processing techniques overcome the limitations of all the traditional methods of traffic
control. It offers many advantages compared to traditional techniques. A system combined with
both surveillance and traffic control technologies is easily installed and is scalable with progress
in image processing techniques. Using this project, the number of vehicles is detected and
extracted from the pictures which further provide an idea about the traffic density in every lane
which will make the necessary decisions and regulate the priority of the lanes so efficient traffic
management takes place. Using this system configuration reduces the possibility of traffic jams
caused by the currently implemented traffic system.
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10. Future Scope

1. The system can be modified for incident detection and its notification is sent to the
authorities/corporate bodies.

2. The system can detect images through any detection algorithm that will help to quickly detect
any emergency vehicles.

3. A network of similar intersection environments can be spread across the web to form an
efficient network that considers the traffic congestion in one area to warn the next area and
prepare it in advance.
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