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Abstract

The rapid development of technology, economy and population growth cause more
transportation vehicles to be used in today's cities. Using more vehicles causes long
queues at traffic lights, unnecessary waste of time, unnecessary fuel consumption
while waiting at traffic lights and nature pollution.

In this study, it is to create an intelligent traffic light based on image processing

technology, using Python, YOLO v3 and OpenCV Library, where the traffic light
knows the number of vehicles available in addition to the number of pedestrians,
depending on these numbers the timers of traffic light will be changable and this
reduces the unnecessary waiting time. Also, if there is an ambulance, the traffic light
will open the way for the cars and help the ambulance to pass quickly, thus helping to
save people's lives. At the end of the search, the proposed traffic light has been
compared with a classic traffic light in Istanbul. and the results have proven the
superiority of the smart traffic light over the traditional one at many points.
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1. Introduction

As is known, the biggest cause of traffic congestion in cities is traffic lights where the
lighting times of traffic lights cannot adapt to the changing traffic density and cause
long and unnecessary queues. Intelligent traffic light control systems have begun to
spread with the development of technology in the past two decades, these systems
attempt to reduce waiting times at traffic lights and apply pre-determined minimum or
maximum lighting times in proportion to the number of pedestrians or vehicles at
traffic lights in an attempt to prevent traffic congestion, But finding a fixed time
commensurate with the traffic congestion at the traffic light is very difficult because
the number of vehicles and pedestrians changes irregularly, and this makes the process
of adjusting the time of the traffic light difficult and inaccurate. In addition to what was
previously mentioned, there is a problem when an ambulance is in the waiting queue,
where traditional traffic lights cannot take any decision, and this will delay the
ambulance a lot, which may endanger the lives of patients.

The proposed solution in this study is to create a smart traffic light based on image
processing technology, where the traffic light can count vehicles in addition to
counting pedestrians at every moment and thus change the time of the traffic light in
proportion to the amount of current congestion and this reduces the unnecessary
waiting time, and also in the case Having an ambulance, the traffic light will open the
way for vehicles, helping the ambulance pass quickly and reach patients faster.

2.Literature Review

E. Leigh (2017) designed an intelligent traffic management system, and this system
was partially implemented in the city of Cambridge, where the system relies on placing
sensors that detect queues for vehicles and then sends the information to a central
control unit to take the appropriate decision, but the problems In this way, the networks
suffer from many problems, which leads to the slowdown of the central system [1].

The researcher Kartikeya Jain in (2017) designed a system capable of identifying cars
through the number plate, and he used cameras to identify cars. But this system failed
in Pakistan because donkey carts and bicycles do not have a number plate and therefore
cannot be recognized [2].

V.S.AM.S.D.K.K. Swathi (2016) has designed an intelligent system to direct car
traffic to the least crowded road. It relies on a set of infrared sensors that can detect
traffic density by observing the reflected light from cars. This system suffers from a
problem, which is the value of reading the sensors is affected by a degree Heat and
humidity make the results of this system inaccurate[3].

Syed (2009) found that controllers based on fuzzy rules are able to efficiently manage
the traffic light system and have optimal decision-making ability. Whereas, traditional
constant-time-based control methods cannot effectively deal with a complex and
changing traffic situation [4].

Z.Yang, L.S.C. Pun-Cheng (2018) Image processing systems can detect the complex,
where the algorithm extracts the number of vehicles from the video and thus knows the
traffic density. Traffic light control systems that rely on image processing are
characterized by their ability to pre-process and make the appropriate decision. Image
processing techniques have been applied on a very wide scale in Traffic field in order
to collect information from the beams in real time[5].
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N.K. Jain, R.K. Saini, and P. Mittal (2019), Estimating traffic density is fundamental to
addressing traffic congestion and improving traffic management systems. This requires
detection of moving vehicles and tracking of vehicles. Intelligent Transportation
Systems (ITS) based on magnetic ring, infrared radar, RADAR microwave, and
sensors based on video and ultrasound processing have been used to manage traffic [6].
Roxanne Hawi and others (2017), an increase in traffic congestion and insufficient
space and funding prompted researchers to work towards reducing it. One of these
solutions is the use of a smart system such as the use of Smart Traffic Signal (STL) and
Wireless Sensor Network (WSN) [7].

Nathanie Fairfield and Chris Urmson (2011), over the past years the traffic light
control system has been static and ineffective. In order to better control the traffic there
must be a more efficient and dynamic system that can handle the traffic easily and
safely and therefore this system will be especially better in the performance of traffic
control Traffic intersections [8].

T. Kanungo and other(2002), Although the video-based traffic monitoring recognition
technology has the characteristics of multiple information gathering, ease of
installation and low cost, it is difficult to obtain the required traffic information from
the image. In recent years, how to obtain traffic information efficiently, accurately and
in real time has become an essential technology for video surveillance [9].

In this paper, we propose a method capable of determining the number of vehicles and
number of pedestrians in real time as well as the ability to distinguish ambulances and
make the appropriate decision effectively.

3.Problem Statement

Traditional traffic lights suffer from the problem of fixed time for vehicles and
pedestrians, therefore it is unable to adapt to the requirements of congestion, and this is
what causes queues of vehicles and pedestrians. In this study we try to solve this
problem by designing a intelligent traffic light that depending on image processing
technology and is capable of making real-time decision commensurate with the traffic
density.

4. Data Set

In order to discover the elements in the images, it is necessary to have the appropriate
set of images, as the number of images greatly affects the learning algorithm and the
greater the number of images, the greater the ability to detect objects in the image.For
this reason, several visual collection methods were used in this study.

4.1.Google fatkun bulk data downloader

The keywords covering all types of vehicles were written in Arabic, English and
Turkish in the Google search engine, and then the Fatkun Stack file plugin tool
integrated with the Google Chrome browser was used, which helps to download all the
image at once instead of downloading the images one by one.
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Figure (1): Google fatkun bulk

4.2.Download Image From Shuttterstock.com

Images containing only ambulance have been downloaded from Shuttterstock.com and
istockphoto sites. This was done in order to focus only on objects at the training stage.
Downloaded images are in high resolution. It is aimed to increase the accuracy of the
neural network model by obtaining details with high resolution images.

< C @ shutterstock.com/search/ambulance

shutterstuck

Figure (2): Shuttterstock.com website

4.3.Tagging The Created Dataset

Labellmg program was used to determine the coordinates of the photos taken by
labeling them. After the program was opened, the “OpenDir” button was clicked, the
file containing all the images was selected and all the images were added to the
program.
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Figure (3): labeling image using Labellmg program

4.4.Training YOLO v3 Using Google Colab

After the previous operations an account was created to train YOLO v3 in Google
Colab. The folder containing both images and text files created after tagging was
uploaded to Google Drive.

5.Methods

The study was applied to a one-way traffic light as shown in figure (4), where A and B
represent the areas pedestrian:

e,

-~ 9

Figure (4): One Way Traffic Light

The classic traffic light is based on a fixed life cycle, as shown in the figure (5):
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Figure (5): Classic traffic light life cycle
In this study, the work was divided into five steps, image processing technology which
depending on YOLO v3 and OpenCV was used in order to detect objects in the images

and obtain their number. The work stages are as follows:

e Step 1: Process the video from the first pedestrian camera and then count the
number of people as shown in Figure (6):

Figure (6): Pedestrian detection on the first side of road

e Step 2: Process the video from the second pedestrian camera and get the number
of people as shown in Figure (7).
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Figure (7): Pedestrian detection on the second side of road
- Step 3: Process the video from the vehicle camera and get the number of
vehicles as shown in Figure (8).

Figure (8): Vehicles detection in waiting queue

- Step 4: detect if there is an ambulance in the waiting queue as shown in Figure

9).
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Figu (9): Ambulance detection
e Step 5: set the timer for vehicles and the timer for pedestrians in proportion to
the number as shown in Figure (10).

Yayalar Trafik Isidn Araclar Trafik Isigi

Figure (10): Setting the timer for vehicles and pedestrians

The number of pedestrians and vehicles was divided into four groups as shown in the

table (1):
Table (1): Divide the number of vehicles and pedestrians into groups.
Pedestrians Group Vehicles Group
Number of Group name Number of Vehicles Group name
Pedestrians
[0] Low [0] Low
[0... 9] Medium [0... 6] Medium
[10... 19] High [7...14] High
[20, ...[ Very high [15,...] Very high

Depending on the previous groups, the traffic light timer will be set as shown in the
table (2):
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Table (2): Timers scheduling depending on groups type.

HNSJ Volume 3. Issue 4

Vehicle Group Pedestrians Vehicle Timer Pedestrian Timer
Group
Low Low 80 sec 40 sec
Low Medium 00 sec 40 sec
Low High 00 sec 40 sec
Low Very high 00 sec 40 sec
Medium Low 80 sec 00 sec
Medium Medium 58 sec 35 sec
Medium High 50 sec 70 sec
Medium Very high 40 sec 80 sec
High Low 80 sec 00 sec
High Medium 95 sec 25 sec
High High 90 sec 30 sec
High Very high 60 sec 60 sec
Very high Low 80 sec 00 sec
Very high Medium 105 sec 15 sec
Very high High 100 sec 20 sec
Very high Very high 100 sec 20 sec
START
h 4
Turn on green light for vehicles,
Turn on red light for pedestrians
( 90 seconds)
v
Turn on the yellow light
for 3 seconds
Turn on green light for pedestrians
Turn on red light for vehicles
( 30 seconds)
Turn on the yellow light
for 3 seconds
|
Figure (11): Flowchart diagram for Traditional traffic light
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12): Flowchart diagram for intelligent traffic light
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6.Discussion
The study was carried out on traditional traffic lights in Yenibosna, Istanbul, as shown
in Figure (13):

Figure (13): traditional traffic lights in Yenibosna
In this study, the duration of the green signal assigned to vehicles and pedestrians was
compared in the classic control system and the proposed system. The figure (14) shows
the number of pedestrians and number of vehicles accumulated at traffic lights, and the
duration of the green light in both the classic control system and the intelligent control
system proposed in this study:

100
90 90 90 90 90
90
80
80
70
60
50
50
40
40
30
20
10
10 3 6 3
0 [ | . [ -
1 2 3 4
® Number of vehicles 3 10
B Vehicle timer in Classic control 90 90 90 90
Vehicle Timer in Intelligent Control 50 90 80 40
B Number of vehicles B Vehicle timer in Classic control Vehicle Timer in Intelligent Control

Figure (14): Comparison of Classic and intelligent Vehicle timer
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control

H number of pedestrians B Pedestrian timer in classic control ® pedestrian timer in Intelligent control

Figure (15): Comparison of classic and intelligent pedestrians timer

We note that in traditional control the duration of the green light is always fixed, while
in intelligent control the duration is changeable according to the number of vehicles
and pedestrians at the traffic light. The figure (16) below shows the lost time at the four
life cycles of a traffic light as it is calculated from the difference between the green
light times in the traditional and intelligent system.

100
90
90

80

70
60
60

50
40

30
20
20
10
10

0
1 2 3 4

lost time 20 60 90 10

Figure (16): Lost time in the traditional and intelligent system.

The table (3) below compares the duration of the green light for pedestrians with the
duration of the green light for vehicles in both traditional traffic light control and
intelligent traffic light control over the four life cycles.
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Table (3): Compares the duration of the green in traditional and intelligent traffic light.

Classic Control Traffic Intelligent Control Traffic
Light Light
pedestrian | vehicle timer | pedestrian | vehicle timer
timer timer

First life cycle 30 90 70 50
Second life cycle 30 90 30 90
Third life cycle 30 90 0 80
fourth life cycle 30 90 80 40

7.Results and Recommendations

This research presented a new algorithm for a control system based on image
processing and found a solution to many classical traffic light problems where traffic
lights working with this Intelligent system can distribute time between vehicles and
pedestrians in proportion to their number.

In this way, fuel consumption is reduced, environmental pollution is reduced and
ambulances are given priority, if any. This system can also respond to changes in
traffic situation, thus reducing traffic congestion and shortening waiting time. At a
small economic cost, we only need three cameras for each traffic light, thus achieving
the high reliability of a flexible control system that solves many traffic problems and
reduces traffic congestion and its negative effects.

The study was applied to a traditional traffic light in Yenibosna, Istanbul, then were
compared classical control with intelligent control. The results showed the superiority
of the proposed system over the classical system in several points.

It can be recommended to design an intelligent control system in the form of an
interconnected network, especially in areas where there are two or more intersections,
where the efficiency of this system and the ability to make appropriate decisions will
increase.
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