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Abstract

As a result of the tremendous development taking place in modern
systems and technologies in the field of electronic monitoring. Intelligent
monitoring, decision making, and automated response systems have become
common subjects at this time, especially after the development of machines
responsible for these processes. Traffic surveillance is a trend goal nowadays
using different techniques and equipment. In this atticle, real-time Object
detection and tracking techniques were proposed for traffic surveillance
using image processing techniques. A state was specifically examined for its
ability to detect and count passing motorcycles on a highway in a specific
area. The results showed good reliability, with a frame processing time of
approximately about (30 ms) and the achievement of real-time performance.
The main contribution of this article is reaching the best result implemented
by the performance the real-time process using image process technique and
tracking the object by depending on the sequencing of frames and can stands
with rationally not so powerful machines. Several tools have been used for
different types of necessary tasks that will be part of the required application
such as Python 3.7; which was used to build the basic algorithms,Visual
studio code (VSC) as an Integrated Development Environment (IDE), and
Anaconda navigator for downloading many wuseful libraries. The
specifications of the used device were Intel(R) Core (TM) i7- 10750H CPU
@ 2.60GHz 2.59 GHz, RAM 16.0 GB, NVIDIA GeForce GTX 1650 GPU,
04-bit operating system, x64-based processor.

Keywords: Real Time, Object Detection, Tracking and Counting, Traffic
Surveillance, Image Processing Techniques.
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1. Introduction
1.1 Object Detection

The capability of distinguishing objects by vision is
naturally congenital owned by humans, but for
machines, it is an issue [1,2]. Object detection is a
computer vision technology that is strongly related to
image processing that concerns with detecting
specifically required objects (such as pedestrians, cars,
etc.) in a video streaming or images [1,3,4]. Detection
of objects is one of the most important challenges in
applications of computer vision and even mote
important than pattern detection or recognition, has
received great attention in recent years [5].

The continuously developing of software
techniques for object detection, enhanced the
performance and made it reach its peak ability using
the routine programming procedures, so the need for
developing the ways of designing the frameworks has
been grown day after day till the time of using Artificial
Intelligence (AI). The function of object detection is
developing computational models and techniques that
provide one of the most basic pieces of information
needed by computer vision applications [2].

The researches conducted on this topic can be
classified into two main areas: “General Object
Detection” and “Detection Applications”, where the
first area focuses on finding ways to explore different
objects within a common framework to simulate
human vision and perception, while the second
focuses on exploration in different ways, in a specific
application, such as pedestrian detection, face
detection: text detection, etc. [1, 2, 6, 7]. Object
detection is used in a wide range of real-world
applications, such as video surveillance, robotics,
autonomous driving, robot vision, and other similar
applications [1]. Object detection is increasingly
important in practical applications that require real-
time execution, Fig. 1 shows the exponential growth
in the number of research papers over the past two
decades in this field. [2].

The tracking of objects in videos in real-time is
crucial for both video surveillance and autonomous
driving. Conventional object detectors typically focus
on detecting objects in individual images, neglecting
the relationships between frames in a video. Research
on improving detection by taking into account the
spatial and temporal connections between frames is a
significant area of study [2, 7].

Many detectors employ significant algorithms and
techniques, such as color thresholding (which is a
technique used to segment an image based on color. It
involves converting an image from the RGB color
space to a binary image, where all pixels that fall within
a specified range of colors atre set to 1, and all other
pixels are set to 0) and contour detection (which is the
process of identifying the boundaries of objects in an
image. The edges of an object are traced along its
perimeter, creating a continuous line or contour that
defines the object's shape.). In contrast, object tracking
employs processes such as comparing sequential
frames [2, 3].
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In this work colors thresholding will help for easy
identification and separation of objects or regions of
interest in an image based on their color, while
contours detection will be used to detect the edges of
the object which can be used to detect the contours
of the object.
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Figure (1): Publication numbers growth of "object
detection" [3].

1.2 Literature Survey

Many attempts were done with different properties
and performances, here are some examples:
1.2.1 Viola Jones Detectors

P. Viola and M. Jones achieved for the first time
without any constraints real-time human faces
detection. Due to the importance of this achievement,
this algorithm was named after the authors in
appreciation of the important contribution [2].
Although the algorithm has a straight forward path to
follow and it seems to be very simple, but it has very
complicated calculations which is far from the power
of the computers in its time. The algorithm adopts
sliding windows in its working method, to detect the
human face in the image from the windows of variable
size and position. [2, 8].

1.2.2 Histogram of Oriented Gradients
(HOG) Detector.

This algorithm was first proposed by N. Dalal
and B. Triggs in 2005 [9]. It can be considered as an
improvement of the scale-invariant feature transform
[10, 11] and shape contexts [12] of its time. The HOG
descriptor is mainly designed to be computed on a
dense grid of uniformly spaced cells and uses
overlapping local contrast normalization (on “blocks”)
to improve the accuracy. The main motive was to solve
the problem of pedestrian detection, however, it can
be used to detect a variety of object classes. The HOG
detector rescales the input image multiple times with
remaining the detection window size unchanged for
detecting objects of different sizes. This detector
formed the basic structure for different object
detectors and different applications of computer
vision for a long time [13, 14]

1.2.3 Deformable Part-Based Model (DPM)

It was proposed by P. Felzenszwalb [13] in 2008,
and is considered to be the best conventional object
detector. The DPM is the expansion of the HOG
detector, after that many improvements have been
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updated by R. Girshick [14]. The philosophical type
of the model DPM is “divide and conquer”, in which
the training can be defined as a proper way learning for
decomposing an object. For instance, detecting a “car”

can be done by detecting its window, body, and wheels
[13].

2. Applications

Object detection with its basic concepts can be
imagined that it has a lot of applications, and after the
performance evolution and simplicity in achieving
different systems, the applications became more
attractive in various fields.

Here are some of the mentioned applications to get
acquainted with their capabilities and possible features:
2.1 Optical Character Recognition:

It can be said it is a tool more than a simple
application, it can be cleared as the process of
converting the printed text or even handwritten into
computer text. This application can be a tool for a wide
range of larger applications with various type of inputs
like vehicle license plate or paper documents into a
database [15, 10].

2.2 Self Driving Cars:

One of the main requirement for self-driving cars
is the object detection. Which will be the tool that
helps with the decision made like accelerate, brake and
turning into specific direction [17, 18, 19].

2.3 Face Detection:

Face detection is a widely used computer vision
tool. It can be noticed the manner that the facebook
using it with detecting our face after uploading a
photo. Face detection can be regarded as a specific
case of object-class detection. This is a simple
application of object detection that we see in our daily
life [20, 21, 22).

2.4 Activity Recognition:

This application, in general, is very useful and
especially with long-time or full-time surveillance
systems. It can produce a notification if any notable
change happens under different conditions and
circumstances. It can be applied with rationally humble
device specifications [23, 24, 25, 20].

2.5 Pedestrian Detection:

Detecting and locating people is a very important
tool that can be used with different applications like
self-driving cars, customers counting breaching into
forbidden areas [27, 28].

2.6 Ball Tracking in Sports:

After the increasing number of sports lovers like
baseball, football, etc. it was essential to present and
analyze more details concerned with the game with

multidimensional information visualization. As these
games depend mainly on the ball position accurately,
object tracking is an important tool for tracking the
ball and extracting information about it [29].

2.7 Object Counting:

This tool can be used with a lot of applications
concerned with statistics calculations and automated
systems like traffic surveillance (as it will be seen later),
pedestrian counting, and automated manufacturing
processes [30, 31].

2.8 Automatic Image Annotation:

Also, it can be called automatic image tagging
which is automatically assigning processes by the
machine in the form of captioning or keywords to a
digital image. This process can be used with various
types of applications like automatically tagging people
on social media [32, 33, 34].

The reason for developing a traffic
surveillance system is the increasing number of
vehicles on the roads. As the number of vehicles
continues to grow, traffic problems become more
common and can have serious consequences
such as delays, accidents, and pollution. A traffic
surveillance system can help to monitor and
manage these problems by providing real-time
information on traffic flow and identifying areas
where congestion is likely to occur. This
information can be used by planning engineers to
design and implement solutions to improve
traffic flow and safety. Additionally, a traffic
surveillance system can be used for a variety of
applications, depending on the needs of the
situation, making it a versatile tool for addressing
traffic challenges.

3. Methodology

In order to have a full view of how this system
works, the procedure will be divided into small parts
to be easy for understanding.
Some points need to be clear before going deep in the
process like dealing with the incoming video stream is
actually done by processing it frame by frame with
some interactions between them (for tracking
purposes), the detected area of each object must be
calculated according to the specific situation that the
camera is mounted, etc. The video available at [35].

The first part is concerned with receiving the video
from the camera and converting it into a stream of
frames, as shown in Fig. 2.

Figure (2): Converting the video into a stream of frames
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Third, this allocated area will be processed by

passing it through a specified threshold level (In this
work, the value of the threshold was chosen using the
try-and-error method and it can be adjusted according
to the required task in a specific situation) in order to
convert it to a black and white image and prepare it to / Input video from camera /
the next process which is the extraction of the !
contours. - ..
.After that, contours in the resglt. are allocated and Cogﬁ\?‘;‘;{%ﬂtg fn\gcrls:n:gt?ms;rg?nn;;fJ;?I%es: e
their areas are calculated for deciding whether take thresholding
them into consideration or not by depending on the 1y
comparison with the area threshold. If the calculated
area was in the acceptable range (which depends on Defining the ROI
the specific examined situation), then this object is 1
added to the detection list in that frame, and it will be
tracked with the next frame until it will be gone outside Process the frame
the region of interest. In this work the range of the J'
acceptable area is limited between 700 and 1600
Squared unit area. Finding contours and calculate the area
Then, the parameters represented by the position,
width, and height are passed into the tracking v
algorithm in order to track the object in the next frame Add the object info detections list
and not assume is as a new object if it was not. The
tracking process will count from 1 for the first detected J’
object, then will decide for each detected object if it Draw rectangles for each object
was new the count will be increased by one, and if it with writing its number
was the same in the previous frame then the count v
remains as the object is not new. ) W
Lastly, this ]output can be used by different Begin to track 1t into next frame
processes that require the number of passed vehicle
through a specific area.
The whole algorithm is shown in the following Process

flowchart. NO
YES

Figure (3): Process flowchart

Figure (4): The result of the process
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4. Experiments and Results

The process was applied for calculating the
number of motorcycles as an example for measuring
the performance of the process. As a specific path was
the target to count the number of motorcycles
occupying it, the specific area was allocated of this path
with taking in count avoiding interfering with other
moving parts. Then the process began and the result
was as shown in Fig. 4.

The time consumed for processing each frame
ranges between (29.025ms) and (31.502ms), while the
frame per second (FPS) achieved a maximum number
of (34) frames per second, which can be used for real-
time applications as shown in Fig. 5.

Figure (5): Processing time and frame per second
rates

5. Conclusion

Many important points can be concluded from this
article and its results such as:
1. Various object detection methods were proposed

with different algorithms, advantages,
disadvantages, usages, and applications that can be
applied with them.

2. Great evidence about not reaching the final limits of
the performance that can be done using the
computers, is the continuously developing of the
methods and algorithms.

3. As traffic surveillance systems are essential parts of
the controlling systems that can grant great
benefits by applying these algorithms for it, object
detection was used for surveillance in this article.

4. The results were obviously good and acceptable
with different conditions that can be applied.

5. One of the main things that must be mentioned, is
the system was real-time and without any lagging.

6. Another important point must be cleared is that this
work did not use any Al or deep learning
algorithms but mainly depended on the image
processing filters.

This provided many advantages for this work like
real-time processing, low CPU and GPU specifications
requirements, and simplicity in implementation and
development.

6. Future Work

A lot of ideas can be implemented in this area of
researches and applications, like:

1. This field represented by object detection with
traffic surveillance can be developed using a lot of
other algorithms with taking into count the
advantages that can benefit from, and the
disadvantages that can avoid.
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2. The process can be applied all over the roads and
highways in order to have a full view of the traffic
in the whole city, and this can be considered a type
of smart city application.

3. Also, it can be used in small manners like automated
monitoring of the garages of different institutes of
various sizes.

4. The resulted data can be used after arranging them
in tables in databases and used for statistical
calculations for future road development by
finding the essential roads that must be done in the
future for solving specific traffic issues.

5. For developing the system for more accuracy and
better performance with taking into count the
additional hardware requirements, deep learning
can be used in various methods like automatically
specifying the area of the required vehicles, or even
detecting specific vehicle shapes, enhancing the
tracking of each vehicle, and adapt the size of the
area according to the different conditions that it
may face in the practical environment.
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