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Abstract

In the field of highway management, intelligent vehicle detection and counting are
becoming increasingly significant. City planners have been fighting the issue of traffic analysis
for years. To analyze traffic and streamline the process, intelligent methods are being created.
The type of vehicles and the number of vehicles in an area over some arbitrary time period
may be taken into account. Over the years, humans have created a variety of mechanisms,
because the vehicles are come in different sizes, it is still difficult to identify them, which can
directly impact the accuracy of vehicles count. In the field of vision research, computer vision
is one of the most often used applications for traffic scenarios. A variety of computer vision
applications, including object detection and categorization, have proven that deep learning
techniques like Convolutional Neural Networks (CNNs) greatly outperform conventional
approaches. Hence in this work, deep learning-based highway vehicles detection and count
system suing computer vision is presented. Vehicles on the highway can be efficiently
detected by this technique. YOLOV3 (You Look Only Once Version 3) is a real-time object
detection technique which is used to detect vehicles in real-time. Precision, recall and real-
time rate are measured to evaluate the performance of this system.

Subject Classification: Primary 68T07, Secondary 68M25.

Keywords: Highway vehicles detection, Deep learning, Convolutional neural network, You look only
once (YOLO).

1. Introduction

The vehicle has replaced other modes of transportation as the primary
means of daily transportation in today’s world of extraordinarily rapid
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economic development. With an increasing number of automobiles on the
road, concerns with traffic safety and congestion are becoming increasingly
prevalent [1]. In the field of traffic management and surveillance, vehicle
detection and classification is a challenging action.

Intelligent Transportation Systems can use vehicle detection and
classification, which is a growing area of research in vehicle surveillance
systems. In vehicle surveillance system, identifying the make and model
of a vehicle is crucial for traffic monitoring. Vehicle and its model
identification is a challenging process because of intra-class variability,
view-point variation, and changing lighting conditions. In order to track
the movement of a specific target across the entire video stream, this object
recognition and identification in the recorded video tries to detect the
moving vehicle in individual video frames.

The process of identifying a vehicle entails profiling or classifying it
according to its type and color as well as detecting and following it along
the road. In order to identify all traffic actions committed by each moving
vehicle on the road, all tracked vehicles activity must be analyzed.
Highway traffic management, planning, and prevention of frequent traffic
congestion, traffic law violations, and

deadly traffic accidents all benefit greatly from real-time highway
traffic monitoring systems

As a result, the decision to use bouncing boxes and mass testing for
vehicle testing is informed. These methods frequently ignore issues
including obstruction, shadows, an unsteady camera, the camera’s base
state, and a disorganized base. Vehicle counting offers a practical answer
to many traffic-related issues [2]. The fast development of deep learning,
Computer Vision (CV) methods have been utilized in the visual-based ITS
services successfully. Hence in this work, Deep learning-based highway
vehicle detection and counting system using computer vision is presented.

2. Literature survey

Apeksha P Kulkarni, Vishwanath P Baligar [3] Presents Real Time
Vehicle Detection, Tracking and Counting Using Raspberry-Pi. A computer
vision model is used to monitor traffic movement, and it improves visibility
of the road by utilizing one or more photographs. In industries where
cost-effective traffic management systems are created, this approach is
seen as a cost-effective solution.

Genyuan Cheng, Yubin Guo, Xiachum Cheng, Dongligang Wang,
jilandong Zhao [4] Provides concurrent vehicle speed recognition based on



1000 A. KUMAR, N. GUPTA, R. MISRA, S. SHARMA, D. CHAUDHARY AND G. SHARMA

capturepicture. The video image feature matching vehicle-based target
approach and other K-Nearest Neighbour (KNN) algorithm-based
background subtraction methods are used to detect vehicle targets and get
initial vehicle features in order to reduce algorithm complexity and achieve
high accuracy.

Xiangdi Liu, Yunlong Dong, ZelinDeng [5] Customize your car by
using many cameras and tracking context on the road. The development
of a Deep Learning-based, two-step algorithmic framework that comprises
vehicle identification and re-identification. The effectiveness of this
approach has been demonstrated by a large body of experimental data,
and the Beijing-Hong Kong-Macao Expressway has successfully
implemented an intelligent control system based on this control system.

Zillur Rahman, Amit Mazumder Ami, Muhammad Ahsan Ullah [6]
Presents YOLO and Centroid Tracking-Based Real-Time Wrong-Way
Vehicle Detection. Images from the on-road surveillance cameras are used
to illustrate the vehicle’s wrong direction detection system. YOLO'’s centre
of gravity tracking algorithm can successfully follow moving objects and
is quite accurate at detecting things.

P.Nagaraj Raj Varshith Reddy Mohammed Sabeehuddin, SriChandana
Reddy, V Santhosh [7] presents a system for counting and identifying
vehicles based on video. System accuracy can be increased by using
advanced picture segmentation and Artificial Intelligence procedures.

Mohammed HazimAlkawaz, Maran Tamil Veeran, Omar Ismael Al-
Sanjary [8] Demonstrates a robust algorithm-based vehicle tracking and
reporting system. The Global Positioning System (GPS), the most popular
and widely used technique of real-time tracking, is used by this system.
This involves that users can direct security cameras to track a car or other
item and watch and view it from anywhere.

AryuantoSoetedjo, I KomangSomawirata [9] Suggests combining
detection and tracking techniques to improve the performance of on-road
vehicle detection. In order to enhance the recall of on-road vehicle
identification, this analysis indicates a combination technique of detection
and tracking.[16]

Boris A. Alpatov, Pavel V. Babayan, Maksim D. Ershov [10] provides
a system for the discovery and including of vehicles for traffic surveillance
in real time. To ensure traffic control and safety, road condition study work
has been taken into consideration. Road marker detection methods were
developed to progression images from a fixed camera. The urbanized
vehicle recognition and counting method is implemented and experienced
on an embed stage of elegant cameras.
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Xiao-Feng Gu, Zi-Wei Chen, Ting-Song Ma, Fan Li, Long Yan [11,13]
Deep Neural Networks are used to recognize and track vehicles in real
time. This model allows for the immediate retrieval of vehicle candidates,
vehicle probabilities, and their coordinates. This type is a real-time, the
precise vehicle detector, which makes it excellent for computer visualization
applications, according to the experimental data.

Huang Guan, Wang Xingang, Wu Wengqi, Zhou Han, Wu Yuanyuan
[12] Suggests a Vehicle Detection and Tracking System for Lanes in Real
Time. This analysis indicates a brand-new and efficient lane-vehicle
recognition and tracking technique to accomplish instantaneous and
dependable foremost vehicle localization.

While conventional machine vision techniques can identify the car
more rapidly, they struggle when dealing with complicated environments,
[14,15]slow-moving cars, brightly-lit photos, or images with recurring
background motion. The proposed work includes deep learning-based
highway vehicle identification and counting system is described in this
work as a solution to these problems and as a means of providing real-
time vehicle recognition and counting.

3. Proposed System on Deep Learning Based Highway Vehicle Detec-
tion and the Counting System

In this analysis, a computer vision-based system for counting and
detecting highway vehicles is provided. The block diagram of presented
Deep Learning-based computer vision method for highway vehicle
detection is shown in Figure 1. Grayscale in digital images denotes that
each pixel value simply carries information about the brightness of the
light.

In specifically, a gray-scale picture is substituted for the colour (RGB)
backdrop image of the car-free road and the current frame in the movie.
Then, for every pixel in the present frame, the grey intensity of the
background picture is subtracted (x, y). The absolute result is present at
the same spot in a different image known as the difference image.
Processing a particular Region of Interest is the next stage (ROI). The
thresholding process produces a binary picture as the result.

CNNs are classification-based systems that can transform input
images into organized data arrays and find patterns throughout. The
fundamental idea of the first two generations of YOLO algorithms is
incorporated into the YOLOvV3 algorithm. For the detection job, a further
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Figure 1

The Block Diagram of Deep Learning Based Vehicle Detection and the

53 layers are placed on top
convolutional architecture.

Counting System

of it, making a total of 106 layers in the whole

After obtaining vehicle outlines, the virtual detection zone is
established and used to count the cars. In this method, the virtual detection
zone’s height is fixed at 21 pixels. Each foreground object’s centroid is
determined and tracked. Then, its location is examined. If it reaches the
virtual detection, its status will be set to 1 (counted), indicating that it has
been counted once and won’t be counted again in the ensuing frames. In
this manner presented system detects and counts the vehicles on a highway

in real time.
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4. Result analysis

This section implements a computer vision-based system for counting
and detecting highway vehicles that is deep learning-based. The open CV
(Computer Vision library is used in the implementation of this system.
The highway surveillance camera is fixed at a height of 12 meters on the
side of the road. For the experiments many scenarios, high definition
videos and photographs of highways were utilized. Vehicle object
detection is performed using the YOLOv3 network. The quantitative
assessment of detection and counting is reviewed and contrasted with
advanced methods. Precision and recall are two quantitative performance
criteria that are analyzed. In an experiment, the precision of vehicle
detection is evaluated. The precision is expressed as the percentage of
correctly detected vehicle pixels (true positive, or TP) out of the total
number of correctly detected object pixels (TPs and false positives, or FPs).

P %100 1)

Precision = TPiED

Recall is the proportion of correctly identified vehicle pixels to the
total number of vehicle pixels, including the number of false negative
pixels (EN), and is expressed

TP
Recall = TEN 100 (2)

The terms TP, FN, and FP, respectively, stand for the percentages of
true positives, false negatives, and false positives.

The real time rate is used to evaluate how quickly the offered system
operates. It is determined as the ratio of the time required for the system
to process a video to the time the original video played and is expressed as

Real time rate = /3™ running time 3)
video running time

Where the video running time is the amount of time needed for the
original video to play and the system running time is the amount of time
needed for the system to process a video. With a lower real time rate
number, the system completes the calculations more quickly. When the
real time rate number is less than or equal to 1, the input video can be
processed in real time. Figure 2 displays the broad highway image along
with the image of the detected vehicles.
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Figure 2 (a)

Broad highway image along with the image of vehicles

Figure 2 (b)
Broad highway image along with the image of the detected vehicles

The table 1 shows the performance evaluation of the Deep Learning
based highway vehicle detection and counting system in different time
scenarios. The table 2 shows the exactness, summon up and real time
metrics evolution.

Table 1
Accuracy Evaluation in Different Scenarios
Different Time Total number of Number of Accuracy (%)
scenarios vehicles counted vehicles
Scenariol 238 233 97.89%
Scenario 2 156 152 97.15%
Scenario 3 205 201 98.05%
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Table 2
Performance Comparison
Differentvehicle detection methods Precolslon Re;)call . Real
(%) (%) time rate
Vehicle detection using ML algorithms 89.63 88.76 1.98
The Deep learning based on vehicle 96.74 95.46 1.1
detection and the counting system

The performance of deep learning-based vehicle detection and
counting system is compared with earlier vehicle detection method using
ML algorithms. Compared ML based algorithms, deep learning-based
vehicle detection and the counting system has better performance in terms
of precision (96.74%) recall (95.46%) and real time rate (1.1). The Figure 3
shows the precision and recall parameters performance comparison for
different vehicle detection and counting systems. The x-axis represents
different approaches for vehicle detection and counting whereas Y-axis
represents recall and precision values in terms of percentage.

100

95 +
90 1 m Precision (%)

85 m Recall (%)

80 -
ML based DL based

Figure 3

Performance Comparative Graph for Precision and Recall Metrics

Compared to ML based vehicle detection method, presented DL
based vehicle detection and counting system has high precision and recall.
The Figure 4 shows the accuracy comparison in different time scenarios.
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Figure 4

Accuracy Comparative Graph
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From Figure 4 it is clear that the DL based highway vehicle detection
and counting system has effectively detected and counted the vehicles in
different real time scenarios and it has better counting accuracy than
earlier vehicle detection and the counting methods. Hence presented Deep
Learning based highway vehicle detection and the counting system using
computer vision has better performance than earlier methods. This system
has detected and counted the vehicles in real time with more accuracy.

5. Conclusion

In this work Deep Learning-based highway vehicle detection and
counting system suing computer vision is presented. Finding foreground
objects in each video frame using the background subtraction approach is
the first step in achieving the objective. Then, computer vision techniques
are used to reduce noise and improve foreground objects, such as
thresholding, flooding filling, and morphological operations. To detect
and count vehicles, each zone is separated into the area of interest. To
accurately detect and count vehicles, YOLO v3 and kalman filtering
methods are used. The next step is to extract the foreground objects
contours and determine their centroids. Finally, this approach detected
and counted the vehicles on highway. Precision, recall, and counting
accuracy are used to evaluate how well this system performs. Compared
to ML models, DL-based highway vehicle recognition and counting
systems using computer vision has better performance in terms of
precision, recall, and real-time rate.
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