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Article history: The issue of traffic congestion is one of the problems that disrupt the smoothness and
Received 8 June 2023 comfort of the community in carrying out daily affairs. Rapid development, with an

Received in revised form 25 September 2023 expanding population and vehicles in cities, has caused traffic congestion to become
Accepted 6 October 2023 one of the most pressing concerns. As a result, this study proposed vehicle tracking
Available online 19 October 2023 method for traffic system management to improve and keep up with the rising demand
for better traffic on the road. In the proposed system, cameras were placed at traffic
intersections and along the road or highway to gather real-time traffic data. Image
processing and machine learning algorithm were applied to calculate the number of
vehicles based on the traffic flow and vehicle speed on the road to reflect the current
traffic condition so that it helps general public to plan their trip and less pollution is
produced in long run. This study focused on the cities of Cyberjaya, Putrajaya and
selected Klang Valley areas to study the traffic condition during the peak and off-peak
hour. Experimental results showed that the proposed machine learning solution
provided high accuracy and effective detection on real-time traffic congestion. Current
method used variables such as vehicle speed and number of vehicles to calculate the

Keywords: traffic flow on the road. As future direction, this method can be expanded to
Machine Learning; road traffic; incorporate vehicle density as one of the variables for more precise traffic congestion
Convolutional Neural Network reporting.

1. Introduction

The economies have increased the dependency of working people on transportation as it is
reliable and highly efficient [1]. However, traffic congestion is an enduring issue for the sustainability
of transportation development [2]. Besides that, transportation is also one of the obstacles which
provide negative impact to achieve sustainable smart city [3,4]. The issue of traffic congestion is a
global problem to all cities around the world especially those cities which have become the economic
centre and attract more population to live in the city leading to the increasing number of private
vehicles usage [5].
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Report shows that 88% of the total population of Malaysia is highly dependent on private vehicles
as it is the most important mode of transportation. This is one of the causes of traffic congestion in
the city and it leads to high transportation costs [6,7]. In Malaysia, the traffic congestion issue is
directly associated with the increase usage of private vehicle [8]. Main roads in the city centre cannot
accommodate the ever-increasing number in vehicles. This is further compounded by the fact that
the number of new vehicle registration in Malaysia is around 700,000 a year. Thus, Malaysia is among
the countries with tremendous vehicle growth on the road. However, the very slow construction of
roads or highways in Malaysia are unable to cope with the vehicle’s increase rate. Malaysians waste
a lot of time stuck in traffic jam every day with at an average rate of two hours per day. This has
resulted in a huge loss to Malaysia's productivity, amounting to RM5.51 billion annually. Hence,
forecasting traffic flow is important for traffic management [9].

Reducing traffic congestion is the priority agenda in smart city development [10]. The services of
smart traffic in smart cities, especially in big cities, are the most promising and prominently
challenging part of the Internet of Things (IoT) [11]. Machine learning has been adopted to predict,
plan and analysis the traffic congestion model in order to realize the idea of sustainable smart city
[12]. Contemporary cities have encountered many problems including traffic, waste collectors,
residential facilities and the environment and studies on related services have increased globally [13].
Many of the most developed countries are implementing smart city technology in their largest cities
for the purpose of improving the efficiency of their city traffic management. Cities such as Hong Kong,
San Francisco, Taipei, Malta, and Vancouver are some examples where the implementation of smart
city technologies have been employed [14].

Technology driven infrastructure determine the smartness of the city [15]. Most of the cities and
smart cities appreciable employ the loT applications for the deployment of the traffic signalling. The
traffic light intelligence is controlled by the traffic control centre allowing the control of traffic
stipulated by guidelines defined and it was no different with urban traffic management [16]. It seems
to be a nightmare for the residents living in high traffic congestion area, and this problem has been
unresolved until now, thus disrupting the lives and well-being of the residents. There is a great
interest particularly in urban traffic management to rectify the congestion and this issue has
remained great challenge for researcher to response and address the impact of the poor traffic
management especially on the daily life of the inhabitants [17].

Smart transportation is the key factors in smart environment to improve people’s quality of life
[21]. Most cities in the world experience the same traffic congestion problem from one continent to
another. This problem is also not uncommon in large cities in Southeast Asia. These mentioned cities
are affected as the existing traffic system cannot cope with the increasing number of vehicles each
year. To solve these social and the traffic congestion problems, each city should be able to improve
the quality of life by adding the new features by considering and encouraging civic participation in
human capital revitalization and utilisation [22]. By using loT technology, it is possible to provide the
smart transportation such as optimized route suggestion and it brings benefits to the services
providers and the end-users [18,19]. Predicting accurate traffic flow is the necessary condition in
Intelligent Transportation System [20]. Malaysia has been adopting smart traffic light and edge-based
computing for Smart Traffic Analytics and Recognition System (STARS) to optimize the traffic flow
through a junction. MATC Intelligent Traffic System (MITS) detects the number of vehicles passing
through a junction in a given time window based on a controller time setting. Upon changing the
controller time setting, the device conducts before and after traffic analysis by comparing the revised
parameters. This study aims to explore an alternative approach for intelligent sensor detection by
applying Convolutional Neural Network (CNN) to detect the traffic flow. The proposed module will
indicate the traffic condition that the road users can use to avoid traffic congestion on the main road,
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especially at intersections, highways, and city roads. The study is focusing on how to incorporate
machine learning algorithm to detect the increasing number of vehicles passing through city centre,
especially during peak hours.

2. Methodology

To understand the feasible of applying loT technology to solve the traffic congestion, innovative
detector system was developed. The proposed detection sensor system aims to provide an efficient
solution for reducing road congestion. This study is cyclical research which is depicted as a linear
model for clarity in the visualization [23]. Cyberjaya is the smart city district in Malaysia which also
the test bed for nurture technological innovations [24]. High volume of traffic flow occurs in this
district to its neighbouring districts on weekdays. Therefore, this study selected the cities of
Putrajaya, Cyberjaya and selected Klang Valley areas as the case study areas to test the performance
of the proposed system. The study area covers an area of approximately 49 square kilometres for
Putrajaya, approximately 28 square kilometres for Cyberjaya, and approximately 600 square
kilometres for the rest of Klang Valley. The frequency of cars on the road was perceived as an
indicator that describes the traffic condition for data collection. During the data collection process,
recording video data was collected from pedestrian bridge areas on the Damansara Puchong Highway
and the Puchong Sungai Besi Highway (as shown in Figure 1). The video data was collected via manual
video recording using an iPhone 12 from 7am to 4pm (from 5th November to 22nd November, 2021).
There is no specific location for video recording as the main objective of the experiment is to record
the movement of vehicles. Thus, only one video device is used in the data collection.
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Fig. 1. Circle shows areas for video recording for the study (Google Maps 2019 (95))
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Video recordings were gathered throughout the data collection phase. Method to analyse the
video data includes the following steps (Figure 2):

i.  video data was separated into three categories: training, testing, and evaluation
ii.  training data was used to assess YOLO's performance
iii.  test data was utilized to evaluate YOLO's performance during the experiment phase.

A modest picture frame is required in traffic analysis applications. In this study, unit of analysis
was the speed of the vehicle, the gap between the vehicle and its moving across the road. Other unit
analysis included total number of vehicles and public’s working time (night shift, Afternoon shift or
normal shift).
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Fig. 2. Overview of Research Design

This research sampled three types of data: training, testing, and evaluation for analysis. In the
context of machine learning, dividing data into two sections for training and testing is referred to as
the split-test technique [25]. Although the computer vision method separates the data into two
distinct training and testing segments, the present study strategy differs from the mentioned
machine learning context by adding in the evaluation data set to validate the performance of the
detection model. The data ratio utilised in this study is as follows: 70% of the data was utilised to
create the YOLO simulation, known as training data set, which is based on the video and coding used.
The performance of YOLO during the training phase is evaluated using 20% of the data, dubbed the
test data set. The last 10% of data was used to determine the accuracy of YOLO (refer to Table 1).
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Table 1

Training, Test and Evaluation Datasets
Distribution

Data Type Percentage

Training 70%

Testing 20%

Evaluation 10%

Total 100%

3. Implementation

The proposed traffic detection system or known as a tracking device is able to count the number
of vehicles and detect any image on the road to inform the road congestion. Several software
packages were used to develop the system, such as YOLO, Pygame, and Python which uses some
metrics and as coding on simulation experiments to detect congestion through CCTV. The tracking
device identifies vehicles on the road by combining YOLO, OpenCV with Python and Pygame. The
targeted device is positioned at an angle, for as atop a lamppost, to read the movement of passing
vehicles. The detector picture showed each car with a green box image and displayed the reading on
the screen for data reading output. The data set used in this study was traffic videos recording
collected by using handphone cameras of iPhonel2 on various roads in the research area. Image data
was extracted from the traffic videos using a script and coding was performed using Python, OpenCV,
and YOLO. The data set being developed was only for detection purposes without any classification,
as the study focuses on detecting the traffic congestion at different hours. The result of this data set
is the total number of vehicles on the road which reflects the traffic condition (Figure 3).

The traffic density on the road scanned by the vehicle tracking module was determined by the
convolutional neural network (CNN) algorithm. The CNN algorithm first applied a homogeneous
neural network to the entire picture. The algorithm then split the picture into parts and calculated
the bounding box (window) coordinates and the number of vehicles object detected for each area.
The vehicle object value was labelled as a key and produced in JSON format according to the
coordinates of the object in the window. Each scan will be updated with the window’s coordinates
data and readings of each vehicle object that passes by on the road or highway. The vehicle object
input from each window was added up and analysed in order to determine the overall number of
vehicles on the road. Each scan was captured, calculated, and altered in accordance with the vehicle
object detected in the windows. The number of vehicles may be raised and lowered to any number
at the coordinate point of the road line. For the detection lane line to be effective, vehicles must be
detected and counted as they pass through the detection zone. The tracking device will show the
number of vehicles that have passed through the line and the findings of this investigation. Each
frame of a traffic video is analysed using the Python programme to identify moving objects as well as
objects that are detected. The detector serves as an output that confirms the congestion in the
experiment.
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Fig. 3. The proposed traffic detection system detection results

4. Results

To measure the accuracy of the proposed traffic tracking module detection, the detection
outcome was compared to some of the traffic recorded in video form. There were 6 videos recorded
for the purpose of this experiment, and each set of detector systems tested was based on a video
duration of 90 seconds. Each video has a different distribution of traffic on the round trip. The
detection system in this experimental video is based on a frame detector as shown in Figure 4, and
the vehicles are counted after passing the encoded detection line to count the number of vehicles.
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Fig. 4. Frame detector for vehicle object
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The test is measured by the total number of vehicles crossing the line and will be compared to
other videos in testing road congestion. In other words, each vehicle passing by on the road
represents the value of data in tracking and analysing each movement of the vehicle, and this data
will be captured if there is significant vehicle movement, which will cause traffic congestion. As an
example, the number of vehicles suddenly increases and the detector output shows the vehicle
movement is smooth as more vehicles are counted. If the number of vehicles suddenly becomes less,
then the detector output shows the vehicle movement is slow and fewer vehicles are counted. This
number of vehicles was measured in terms of the number and movement of vehicle that was able to
cross the line in the road test found in the video as shown in Figure 5.
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Fig. 5. Count of vehicles on the highway during (a) off-peak hour (b) peak hour
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Each test and the test results obtained are recorded and tabulated by the number of vehicles
passing through the road. In that case, the essential reading in this experiment is the video output
on the detector, which determines whether the vehicle movement increases or vice versa. The series
of experiments and the test results are shown in Table 2. The resulting traffic condition was
determined based on the vehicle speed index (VSI) and volume of capacity, V/C ratio [26].

Table 2

Total vehicles and traffic condition reported by the vehicle tracking module

Video Total VSI v/C Resulting traffic condition

No. Vehicle (km/hour) Ratio

Videol 135 50-75 0.61- Traffic is smooth as fewer vehicles were counted.
0.70

Video2 215 50-75 0.61- Traffic is smooth as fewer vehicles were counted.
0.70

Video3 400 0-25 0.91- Traffic is becoming congested as more vehicles are counted.
1.00

Video4 197 50-75 0.61- Traffic is smooth as fewer vehicles were counted.
0.70

Video5 401 0-25 0.91- Traffic is becoming congested as more vehicles are counted.
1.00

Video6 249 25-50 0.71- Traffic is considerable smooth with mild congestion as the total
0.90 number of vehicles on the road is still reasonable.

5. Discussion

The results from this experiment are, to some extent, satisfactory, but not optimal. This is due to
the YOLO detector on the vehicle is not based on the frame specified in the encoding but the setting
of OpenCV by an individual Python programmer. Therefore, the YOLO output of vehicle captured in
the experiment (Figure 5b) appeared in multiple overlapping image frames. This phenomenon will
affect the accuracy of the vehicle captured. To fix this, the code entered should be tested, and
libraries such as DLIP and YOLO should be uploaded correctly based on the desired frame image. It is
important to train, improve, and keep track on the accuracy of tracking system which can be
improved from time to time.

6. Conclusions

This study proposed a vehicle tracking system by using CNN to reflect the traffic condition of
selected area in Klang Valley. The vehicle number is calculated using a virtual detection zone created
using Python and YOLO. In comparison to the conventional approach, the vehicle detection technique
based on YOLO, Python, and OpenCV has a faster detection time and more resilience, which may help
minimising the missing and error rates. This method is still be able maintain a high-test rate in a
complicated environment, and the fast detection speed is able to satisfy real-time needs while
achieving a high level of effectiveness. However, the study could not be conducted comprehensively
by area but only involved the main roads in selected urban areas.

The experimental results of the method inferred that the tracking method by using CNN is feasible
for the real-time traffic congestion monitoring. The information acquired in this study is used to
identify and report on traffic congestion. It may subsequently be expanded to provide an alarm
message that can assist the traffic department in taking appropriate action. Practical computer vision
results showed that the proposed method can accurately detect, locate, and inspect operating
vehicles. This study benefits all the general public and serves as an effective tool to reduce congestion
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on the roads. The proposed method is able to detect the number of vehicles and their speed to reflect
the traffic condition during peak and off-peak hour. Using CNN for the vehicle tracking enhances the
current traffic monitoring. Hence, the user can prepare their trip and reduce the traffic congestion.
The authority or traffic control centres may utilise this vehicle tracking method to handle the issue of
traffic congestion which is the direct factor to carbon emission. As future work, the experiments of
current study will be extended to investigate the carbon emission in relation to traffic congestion as
the effort to realize low carbon cities and greener urban planning.
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