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1. INTRODUCTION

The rapid advancement of technology has permeated various aspects of life, including city management,
particularly in regulating traffic on urban toll roads. The increasing number of motor vehicle owners has led to
higher traffic volumes on toll roads. Traffic congestion is especially prevalent at intersections following toll
exits, where vehicles must take turns crossing the intersection, regulated by traffic lights. This scenario often
results in long queues and traffic jams at intersections. The primary issue is that the traffic control systems at
these intersections are usually ineffective, contributing to congestion on one or more sides of the intersection.
The inefficiency in traffic management systems exacerbates the problem, causing significant delays and traffic
bottlenecks [1] — [4], [40] — [42].

Yu Zhang et al. [5] propose using the Flip-Mosaic algorithm to enhance the network's perception of small
targets. They established a multi-type vehicle target dataset collected in various scenarios and trained the
detection model on this dataset. Experimental results indicate that the Flip-Mosaic data enhancement algorithm
improves vehicle detection accuracy and reduces the false detection rate.

Gabriel Oltean et al. [6] present an approach for real-time vehicle counting using Tiny YOLO for
detection and fast motion estimation for tracking. Their application runs on Ubuntu with GPU processing, and
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they plan to test it on low-budget devices like the Jetson Nano. Experimental results show their approach
achieves high accuracy at real-time speeds (33.5 FPS) on real-traffic videos.

Madhusri Maity et al. [7] review numerous research projects focused on detecting and tracking vehicles,
which have applications such as reducing fatal accidents caused by driver negligence, poor visibility during
adverse weather conditions, or inadequate illumination. The paper comprehensively reviews existing methods
based on Faster Region-based Convolutional Neural Networks (Faster R-CNN), and You Only Look Once
(YOLO) architectures. The survey categorizes existing vehicle detection methods according to the architecture
used (Faster R-CNN/YOLO) and is organized chronologically to highlight interrelations between methods. In
addition to analyzing existing methods, the paper details the architectures of Faster R-CNN, YOLO, and their
proposed variants. The paper concludes by listing the limitations of current works, unexplored aspects of this
research area, and future research directions.

To tackle the identified traffic issues, a system that counts vehicles approaching intersections using digital
image processing and YOLOv4-Tiny is required [8] — [11], [43] — [46]. Cameras installed on highways will
provide the necessary data. This system aims to improve the efficiency and effectiveness of current traffic
management systems [12] — [14], [47] — [49]. It will generate data on the number of vehicles passing through
intersections, which can then be used to optimize traffic light durations for red, yellow, and green signals on
each side of the intersection. Additionally, the collected data can be used by government agencies to manage
and control vehicle flow in specific areas. The author’s contribution ensures that YOLOv4-Tiny runs efficiently
on an ARM Processor, which is suitable for vehicle detection on roads.

The primary contributions of this research are the integration of YOLOv4-Tiny with a median filter and
grayscale preprocessing to improve vehicle object detection. By leveraging YOLOv4-Tiny, the system
achieves a significant increase in frames per second (FPS), enhancing vehicle counting accuracy and reducing
error rates. Moreover, the system enables simultaneous vehicle counting through bounding boxes that cross
virtual lines, allowing for precise calculation of vehicle inputs and outputs. These improvements offer a reliable
solution for traffic management and vehicle detection on urban toll roads.

2. METHODS
The author will offer a detailed and concise description of the methodologies intended for use in the
proposed system.

2.1. Preprocess for Traffic System

The median filter is a non-linear digital filtering technique that removes noise from an image or signal
[15] —[18], [50]. It works by moving a window (or kernel) across the image, replacing the center pixel in the
window with the median value of all the pixels. The window size is typically a square of an odd number of
pixels. The equation for the median filter can be expressed as follows:

fCx,y) = m{f(a,b)} (1)

where f(x, y)is the output (filtered) image at position (x, y), f(a, b) are the pixel values in the neighborhood
of the pixel at (x,y), m{} denotes the median value of the set of pixel values in the window centered at (x,y).

The grayscale conversion algorithm transforms a color image into a grayscale image by combining the
color channels (typically red, green, and blue) into a single intensity value [19]-[21], [51]. This process involves
calculating the luminance of each pixel based on its color components. Considering the human eye's sensitivity
to different colors, the weighted sum method is the most commonly used formula for this conversion. The
equation for converting a color image to grayscale is:

I = 0.299R + 0.587G + 0.114B ©)

where [ is the intensity value of the grayscale image, R, G and B are the red, green, and blue color channel
values of the pixel, respectively. The coefficients 0.299, 0.587, and 0.114 reflect the human eye's sensitivity to
red, green, and blue light, respectively.

2.2. Vehicle Detection

In vehicle detection, the author identifies vehicles to facilitate counting their numbers and minimize traffic
congestion. The detection process employs the YOLOv4-Tiny algorithm [22] — [26]. Fig. 1 illustrates the
structure of the YOLOv4-Tiny algorithm used in this system. The author will elaborate on the implementation
of vehicle detection within the system to facilitate the accurate counting of vehicles. The detection results are
optimized by utilizing two lines as input and output. Fig. 2 presents the framework for vehicle detection.
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The preprocessing steps for vehicle detection include applying a median filter algorithm and a Grayscale
algorithm. Given the high speed at which vehicles move, the median filter is crucial for minimizing interference
and producing a more precise image than the original. Following this, the conversion to grayscale increases the
detection accuracy further. Grayscale conversion simplifies feature detection, significantly boosting accuracy
compared to no preprocessing. Together, these preprocessing techniques ensure the vehicle detection system
is more reliable and efficient, leading to better performance in dynamic environments.

In this research, vehicle detection was enhanced through a Median filter, clarifying unclear images, and
the application of Greyscale, simplifying the conversion of RGB images to black and white. This approach
facilitates more straightforward and accurate color calculations. As a result, the system achieves a higher
frames per second (FPS) rate, positively impacting the accuracy of vehicle count calculations.

One Stage Detector

Sparse

Input Backbone Neck Dense Prediction

Fig. 1. YOLOv4- Tiny Architectur

Image [> | Preprocess | > | Vehicle Detection

Fig. 2. Vehicle Detection Framework

I:> Result

2.3. Vehicle Count Detection

In this section, the author will describe the vehicle count detection process, which employs two virtual
lines positioned at the top and bottom of the detection area. These lines act as sensors to detect vehicles as they
cross [27] - [29]. The upper line, or input line, initially processes vehicles that pass through it. Subsequently,
the lower line, or output line, verifies these vehicles through classification in the vehicle detection system. For
example, if the input line detects a car, the output line will verify and count the same vehicle. This method
ensures better data storage, improving accuracy and effectiveness, particularly when multiple vehicles pass
simultaneously. The bounding box feature significantly aids in the accurate counting of vehicles. Fig. 3.
illustrates the two lines serving as input and output sensors.

Fig. 3. Vehicle Count Detection

2.4. Propose Method

The author outlines the proposed Traffic System, designed to enhance vehicle detection efficiency and
streamline the system's detection processes. Fig. 4 provides a detailed illustration of the Traffic System
framework.

Camera |:> Preprocess E:> Vehicle Detection E> Vehicle Count E:> Result

Fig. 4. Traffic System Framework

The camera will be mounted at a height of 4 meters, which is considered optimal for ensuring precise
vehicle detection. The system processes the camera feed and classifies vehicles using bounding boxes, allowing
the vehicle count sensor to operate with high efficiency and accuracy. When an object is detected by the input
sensor, the bounding box is triggered to determine if the object has crossed the input line. The process then
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continues to the output line, verifying whether the vehicle has successfully passed through it. The vehicle count
will be displayed in the top left corner of the image, streamlining the counting process and improving accuracy.

3.  RESULTS AND DISCUSSION

In the results and discussion section, the author will elaborate on the evaluation process of using the
dataset for vehicle detection and compare the proposed algorithm against other algorithms. The author will use
three datasets: MAVD [30], GRAM-RTM [31], and the author's dataset. Four algorithms will be compared:
YOLOv3 [32], YOLOv4 [33], Faster RCNN [34], and YOLOv4-Tiny. A detailed and comprehensive
explanation of the results will be provided.

For testing, the author will employ the Confusion Matrix Method, which is highly suitable for comparing
image processing outcomes [35] — [37]. This method will yield metrics such as Recall, Precision, Accuracy,
and MAP (Mean Average Precision). These results serve as standards to demonstrate the efficacy and
applicability of the proposed algorithm for the intended system. Additionally, the author will explain several
equations used in the Confusion Matrix Method.

TP
Recall = —— 3)
TP + FN
TP

Precision = ——— 4)

TP + FP

TP+ TN
Accuracy = (5)

TP+TN +FP+FN

3.1. Dataset and Training

The dataset includes four class classifications: Motorcycles, Cars, Trucks, and Buses, as shown in the
classification table [38] —[39]. All images will be resized to standard YOLOv4-Tiny to facilitate more effective
implementation of the training data in Table 1. This model was trained and evaluated on an Nvidia RTX 3090Ti
GPU.

Table 1. Classification Dataset
No  Vehicle Class Image

1 Motorcycle
2 Car

3 Truck

4 Bus
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The next phase of the Traffic System experiment will involve testing on the Jetson Nano Microprocessor.
The model underwent training for 10,000 steps, with an increasing learning rate at each iteration to aid loss
convergence. Weight reduction techniques were employed to prevent overfitting. Data augmentation enhanced
the dataset by modifying the saturation, exposure, and hue of the images and rotating the images at various
angles of Vehicle Detection.

3.2. Vehicle Detection

In this experiment, the author will perform a comparative analysis using several datasets, including
MAVD, GRAM-RTM, and an author’s dataset. These datasets will be renamed according to the author's
specifications. The experiment involves conducting ten trials to ensure the reliability and consistency of the
detection results and accuracy. To obtain the results, the author employs a confusion matrix, as illustrated in
Table 2. This matrix details the calculations and comparisons using four different algorithms. Fig. 5 presents
the vehicle detection results.

Table 2. Vehicle Detection Result

Data Set Algorithm Recall Precision Accuracy FPS
YOLOV3 [32] 0.9566 0.9818 0.9766 15

MAVD [30] YOLOV4 [33] 09833  0.9916 0.9891 15
Faster RCNN [34] 0.9600 0.9756 0.9721 5

YOLOV4-Tiny 0.9790 0.9850 0.9895 25

YOLOV3 [32] 0.9700 0.9770 0.9802 15

YOLOV4 [33] 0.9930 0.9940 0.9950 15
GRAM-RIMB o Ger RONN[34] 09090  0.8330 0.9154 5
YOLOV4-Tiny 0.9917 0.9917 0.9950 25

YOLOV3 [32] 0.9700 0.9770 0.9800 15

Author Dataset YOLOV4 [33] 0.9850 0.9860 0.9910 15
Faster RCNN [34] 0.9710 0.9710 0.9770 5

YOLOv4-Tiny 0.9860 0.9930 0.9915 25

The results indicate that YOLOv4-Tiny achieves excellent accuracy. Specifically, the GRAM-RTM
dataset performs comparably to YOLOvV4, scoring 99.5%. Both algorithms yield excellent results. For the
author's dataset, YOLOv4-Tiny outperforms the other algorithms with an accuracy of 99.15%. The primary
advantage of YOLOv4-Tiny lies in its more straightforward structure, which results in very high FPS and
significantly enhances the accuracy of vehicle count detection. Fig. 5 explains the results from the Traffic
System. The author presents the findings from applying the YOLOv4-Tiny algorithm to the proprietary dataset.
These results are detailed in the confusion matrix in Table 3, which includes four classifications. The model
was rigorously tested over 1,000 epochs in a single test, yielding highly accurate and reliable results.

LAK lU.Y34]

- -

=]

. Vehicle Counting: 32
Fig. 5. Result Traffic System
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Table 3. Confusion Matrix Result

Actual\Predicted MC C T B
MC 19720 108 84 88

C 161 29580 139 120
T 58 120 5916 66

B 52 71 66 3944

3.3. Vehicle Count Detection

The author conducted this experiment by creating five videos to ensure the results were appropriate and
accurate. Each video features 50-60 vehicles, and the author will analyze the accuracy of the detection
calculations. Table 4 illustrates the vehicle count detection results.

Table 4. Vehicle Count Detection Result
On Video On Vehicle Count Detection

Video =0 e¢ T B Toal MC C T B Tofal
1 15 30 3 5 53 3 30 2 5 50
2 20 30 4 6 60 19 30 4 4 57
3 18 25 2 6 5l 15 25 2 4 46
4 8§ 35 2 5 50 735 2 4 48
5 13 32 3 7 55 13 32 3 6 54

The author achieved excellent results in this vehicle count detection experiment. However, a challenge
arose due to errors in vehicle class naming. The input and output line processes experienced changes in
classification within the bounding box, leading to miscalculations and inaccuracies in vehicle detection. While
car accuracy remained consistent and satisfactory, other classifications encountered errors, resulting in less
accurate calculations.

4. CONCLUSION

The author developed a Traffic System using the YOLOv4-Tiny algorithm in this research. The system
achieved excellent results due to the implementation of the Median Filter and Grayscale Method, which
facilitated the detection process with YOLOv4-Tiny. The author also significantly improved FPS by employing
the NVIDIA JASTON NANO as the microprocessor for running the Traffic System. The author conducted
experiments to count vehicles using a virtual line sensor, incorporating two lines to predict the number of
passing vehicles. The vehicle detection results were highly satisfactory across three different datasets. Using
the author's dataset, an accuracy of 99.11% and an FPS of 25 were achieved, which are outstanding results for
vehicle detection. With the MAVD dataset, the accuracy was 98.95%, further demonstrating the effectiveness
of the YOLOvV4-Tiny algorithm in creating a Traffic System.

Regarding vehicle classification, the system achieved 100% accuracy for cars. However, other
classifications were less accurate due to errors in labeling from input to output. The author concludes that the
accuracy of vehicle count detection can be improved with more precise label naming and by integrating
additional methods to enhance YOLOv4-Tiny. The author hopes that this system can be further developed and
refined in the future.
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