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Abstract— As the world's cities become more urbanised, traffic congestion becomes a major problem. Conventional approaches 

are unable to deliver timely insights, which impedes the application of efficient congestion control strategies. This study presents a 

novel machine learning-based traffic congestion control system that combines a Euclidean distance tracker with the YOLO (You 

Only Look Once) object recognition framework. As cities struggle with the intricacies of increasing traffic, the need for intelligent 

technologies capable of real-time vehicle surveillance and congestion analytics is highlighted. To address this, the suggested 

solution goes beyond traditional constraints by using machine learning to accurately detect and track automobiles in urban 

environments. Utilizing the YOLO object detection framework, which is renowned for its speed and accuracy, the study builds on 

prior research in computer vision and transportation engineering. By connecting object detections between frames, the Euclidean 

Distance Tracker improves performance and allows a continuous comprehension of vehicle motions. The system's effectiveness in 

real-world circumstances is demonstrated by the results, which offer high accuracy across a range of vehicle classes. A major 

advancement in the development of urban mobility has been made with the integration of YOLO and the Euclidean Distance 

Tracker, which offers a viable solution for intelligent traffic management. 

Keywords— Urbanization, Traffic congestion Machine learning ,Intelligent transport systems, YOLO (You Only Look 

Once),object detection, Euclidean Distance Tracker, Real-time vehicle tracking, Adaptive traffic control 

I. INTRODUCTION  

      Urbanization's continuous growth has created previously 

unheard-of difficulties for traffic management, with 

congestion becoming a major problem in today's cities. For 

most individuals, traffic congestion has become a major 

issue since it causes air pollution, noise, and time wastage. 

Because the current traffic signal system follows a 

predetermined time length schedule, it is insufficient to 

manage the problematic traffic congestions. With the advent 

of the internet of things, new models of intelligent traffic 

light systems have been introduced recently. These models 

use a variety of approaches, including radiofrequency 

identification, ultrasonic modelling, and predictive 

modeling[27]. Addressing this challenge requires innovative 

approaches that harness the power of advanced technologies. 

This research introduces a novel system for traffic 

congestion control through the integration of machine 

learning, specifically employing the YOLO (You Only Look 

Once) object detection framework and a Euclidean Distance 

Tracker. The requirement for intelligent systems with real-

time vehicle tracking, detection, and congestion analytics is 

growing as cities struggle to handle the complexity of 

additional vehicles on the road. 

The urgent need for precise and effective traffic control 

techniques that can adjust to changing urban surroundings is 

what motivated this work. It is frequently not possible to 

obtain real-time insights into traffic conditions using 

traditional approaches, which makes it more difficult to put 

responsive congestion control measures into place. By using 

machine learning to precisely identify and track automobiles 

as they travel through urban thoroughfares, the suggested 

system seeks to get beyond these constraints. The system 

provides a comprehensive solution for traffic flow 

monitoring and management by fusing the tracking 

capabilities of the Euclidean Distance Tracker with the 

effectiveness of YOLO for real-time object detection. 

The basis for this research was established by previous 

research in the domains of transportation engineering, 

machine learning, and computer vision. The foundation for 

identifying and categorizing different kinds of vehicles is the 

YOLO object detection framework, which is well-known for 

its quickness and precision. By linking object detections 

from successive frames, the Euclidean Distance Tracker 

improves the system's performance and allows for a 

continuous comprehension of vehicle motions. 
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In order to create more responsive and effective urban 

landscapes, machine learning integration is becoming 

increasingly important as cities want to be resilient and 

adaptive in the face of changing traffic patterns[26]. Thus, 

this research highlights the groundbreaking potential of 

machine learning in reducing the problems brought on by 

modern urbanization, in addition to advancing our 

technological grasp of intelligent traffic solutions. Our goal 

is to make a comprehensive contribution to the field by 

pushing the boundaries of intelligent transport systems and 

shaping the direction that urban mobility will take in the 

future. 

 

This paper's latter sections explore the methods used, the 

experimental outcomes from both static images and real-

time video streams, and a thorough analysis of the system's 

advantages and disadvantages. The research presented here 

adds to the growing body of knowledge on intelligent 

transport systems by shedding light on how machine 

learning can be used to manage traffic congestion. The 

incorporation of cutting-edge technologies into traffic 

management systems is a crucial step towards building 

smarter, more adaptable cities as urbanization continues its 

unstoppable upward trajectory. 

II. RELATED WORK 

In [1] two distinct approaches for vehicle identification and 

categorization are used. In the first approach, a Support 

Vector Machine (SVM) classifier is coupled with a Mixture 

of Gaussian (MoG) classifier. Only the quicker Recurrent 

Convolutional Neural Network (RCNN) is used in the other 

technique. Nonetheless, a sizable portion of automobiles 

remained undiscovered. In [2], experts created a traffic 

congestion status perception model by using  Random Forest 

Classification algorithm of machine learning. The RFC has 

an 87.5% prediction accuracy, good efficiency, and great 

robustness. Furthermore, the generalization error is brief and 

effectively predictable. This research has limits since more 

reliable and accurate results could be obtained using 

different machine learning techniques. 

A system for detecting traffic congestion on roads utilizing 

an opinion poll, Webcam and Global Positioning System 

was created by the authors in [3]. The movement patterns of 

the vehicle were retrieved using the sliding window 

approach and fed into a J48 and Artificial Neural Network 

(ANN). With an accuracy of 91.29%, the J48 model 

outperforms the suggested FITCCS-VN that makes use of 

machine learning techniques. 

The authors of [4] developed a traffic monitoring system 

based on unmanned aerial vehicles (UAVs) using a 

convolutional neural network (CNN). Using traffic images 

captured by the UAV's camera, the system demonstrated an 

accuracy rate of 91.67% under the given traffic conditions. 

In[5], the model automatically detects and classifies 

automobiles using a K-nearest neighbor classifier. Windows 

and other hollow sections of the vehicle are built to identify 

it as a car or motorcycle for feature extraction purposes. 

Conditions with high traffic and wider perspectives are not 

compatible with this model. 

The authors of [6] created a Long Short-Term Memory and 

convolutional neural network  framework-based data-fusion-

based TCCS. Spatial data was classified using CNN. For 

historical data, LSTM exhibited an accuracy and miss rate of 

92.3% and 7.7%, respectively, although ML techniques 

might provide superior outcomes. 

Convolutional neural networks have been employed by the 

YOLO method in [7]–[9] for object detection. It uses a 

single image to create a single neural network. picture from 

a crossroads By applying object identification and image 

processing, real-time traffic density is computed using 

CCTV cameras as an input. Vehicles are categorized into 

various classes, which include trucks, cars, bicycles, and 

buses. Each class's vehicle count is used to determine the 

traffic density. This density is used by the signal switching 

algorithm to calculate when each lane's green signal will 

occur. The red signal timings will show this. The green 

signal timing is restricted to the greatest and lowest value to 

prevent lane starvation. This algorithm's inability to 

recognize small objects is a concern. 

The authors of[10] described how to use a convolutional 

neural network (CNN) to categorize automobiles. A dataset 

of aerial images is used. The suggested model uses motion 

changes, feature matching, and heat maps to first identify 

whether or not there are any vehicles in the region. 

Subsequently, AlexNet and the Inception-v3 classification 

layer are used for the classification. 

In [11], traffic optimization is achieved by using a genetic 

algorithm. Factors such as traffic phase, cycle, and traffic 

light green time are employed as chromosomes. To optimize 

traffic signal control, a fitness function is employed to 

minimize the number of cars in queue or the overall network 

wait time. GA has been employed in the study in [12] to 

identify alternate routes that aid with easing traffic 

congestion. The best outcome was found after 40 

generations in less than 2 seconds, according to the results. 

The authors of[13] provide a Yolov5-based real-time vehicle 

detection system. The attention mechanism and the novel 

idea of ghost convolution are added to the current model to 

make it better. The YOLO model's effectiveness in object 

detection models is demonstrated by the testing results. 
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In[14], a novel method for detecting and categorizing cars 

combines Long Short-Term Memory (LSTM) and You Only 

Look Once (YOLO). During the pre-processing phase, the 

images are divided into binary labels in order to lower the 

model's complexity. Additionally, the bounding boxes are 

tallied for the detected vehicles, and they are divided into 

lightweight and heavy-weight categories. 

In [15] [16], the Q-learning technique was used for function 

approximation-based traffic signal control. An approximate 

state action-value function is constructed using a 

feedforward neural network that has been trained by 

backpropagation. The longest queue first strategy was tested 

on a grid with five intersections. The longest queue first 

strategy was outperformed by Q-learning using a function 

approximation method.[25] 

[11] uses fuzzy logic and contrasts it with the Webster 

model. [25]The quantity of lanes, cars, and green lights are 

considered as variables for making decisions. The outcomes 

demonstrate that the flexibility of fuzzy logic has lowered 

typical waiting times by 50%. Fuzzy input parameters in 

[17], [18] include the quantity of cars gathered and the 

traffic volume on the arrival and queue sides of the 

intersection. 

When the classification framework was used for vehicle 

identification, it was discovered to operate well (a 

significant number of positive samples were accurately 

detected). Image recognition has made extensive use of the 

HOG feature in conjunction with the SVM classifier [19], 

and pedestrian identification has been greatly successful 

with this combination. 

The online integrated estimation of important model 

variables and traffic flow parameters is one of the traffic 

state estimator's most novel features. Prediction using the 

Gaussian process is non-parametric. A multi-output 

Gaussian process was applied to the complex spatiotemporal 

patterns of partial traffic acceleration data in [20][25]. 

Guitar is a geographical routing system based on 

intersections, specifically crafted to identify resilient routes 

tailored for effective navigation in urban environments. 

Utilizing the Global Positioning System (GPS) and 

considering street density and orientation, [21] employs an 

optimization approach in the vehicle routing system. The 

findings indicate that the predictive accuracy of the 

combined model surpasses that of a single Support Vector 

Machine (SVM) model, particularly in situations where 

traffic flow speed is relatively low and undergoes significant 

fluctuations. Bus trip timings were forecast using Support 

Vector Machines (SVM) with a decay factor to switch the 

weights between old and new data. The test results 

demonstrate that the SVM with the adaptive algorithm and 

decay factor performs better in terms of prediction accuracy 

and dynamic performance than other existing algorithms. 

To better predict Traffic, the author in[22] combines three 

sets of weather-related parameters with machine learning 

techniques.  Three machine learning techniques are used in 

this study: ANN, SVM, and KNN. It can be challenging to 

select the optimal ML model for a particular set of data, 

though.  This study demonstrates the impact of choosing 

each essential element of three machine learning algorithms 

on prediction accuracy. KNN performs better than SVM and 

ANN. 

Based on past traffic data, the author suggested an Artificial 

Neural Network (ANN) in [23] to predict short-term traffic 

flow. The features that are considered include traffic 

volume, speed, density, and the time of day and week. The 

speed of each type of vehicle is employed as a separate input 

variable in this study as opposed to previous research in the 

literature that used the average traffic flow speed as an input 

variable. The findings show that the Artificial Neural 

Network performs reliably even when the TFP time interval 

is increased from five to fifteen minutes, and it generates 

acceptable outcomes even when the individual vehicle 

speeds are taken into account as input variables. 

 

III. METHODOLOGY 

This comprehensive methodology encompasses the 

configuration of the YOLO model, integration of the 

Euclidean Distance Tracker, real-time video and static 

image processing, and the logic for vehicle counting and 

classification. 

A. Data Collection and Preprocessing 

Gathering a dataset of pictures and videos featuring different 

kinds of cars in various driving scenarios is the first step . 

To make sure they are appropriate for input into the 

YOLOv8 model, the photos and videos undergo pre-

processing. This involves normalizing the pixel values, 

scaling the photos and videos to the appropriate dimensions, 

and enriching the data to make it more expansive and 

diverse. 

B. YOLO Architecture 

After receiving an image as input, the YOLO algorithm 

employs a basic deep convolutional neural network to 

identify objects in the image. By inserting a temporary 

average pooling and fully connected layer, ImageNet is used 

to pre-train the model's first 20 convolution layers. Then, as 

other studies have shown that incorporating convolution and 
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connected layers into a pre-trained network enhances 

performance, this pre-trained model is transformed to 

conduct detection. The last fully connected layer of YOLO 

predicts bounding box coordinates as well as class 

probabilities. An input image is divided into a S × S grid by 

YOLO. 

 

Fig 1. YOLO architecture[24] 

A grid cell is responsible for detecting an object whose 

centre lies inside it. For every grid cell, the anticipated B 

bounding boxes and confidence scores for those boxes are 

provided. These confidence ratings reflect the correctness of 

the projected box as well as the model's degree of 

confidence that the box contains an object. YOLO produces 

multiple bounding box predictions for every grid cell. 

During training, we only want one bounding box predictor 

to be in charge of each item. YOLO assigns a predictor as 

"responsible" for an object prediction based on whose 

prediction has the higher current IOU with the ground truth. 

The bounding box predictors consequently grow more 

specialised. Each predictor improves the recall score overall 

by improving its capacity to forecast particular object sizes, 

aspect ratios, or classes. One important technique in the 

YOLO models (NMS) is non-maximum suppression. NMS 

is a post-processing technique that improves the accuracy 

and efficiency of object detection. In object detection, it is 

common custom to create many bounding boxes for a single 

object in an image. Even though some of these bounding 

boxes may overlap or be in different places, they all 

represent the same item. NMS is used to identify and 

remove erroneous or superfluous bounding boxes from the 

image, as well as to extract a single bounding box for each 

item. 

C. Euclidean Distance Tracker 

The Euclidean Distance Tracker in the provided code serves 

as a crucial component for object tracking across 

consecutive frames in a video stream. In this 

implementation, the tracker functions by associating each 

detected object with a unique identifier based on its position, 

specifically the center coordinates of the bounding box. For 

each frame, the tracker calculates the Euclidean distance 

between the current object's center and the centers of 

previously tracked objects. If the distance is below a certain 

threshold, the tracker updates the object's position and 

maintains its identifier, ensuring continuity in tracking. This 

mechanism effectively handles scenarios where objects 

persist in the video stream, allowing the system to recognize 

and follow their trajectories. Additionally, the tracker aids in 

preventing duplicate identifications of the same object, 

contributing to the accuracy and efficiency of the overall 

object detection and tracking process. The Euclidean 

Distance Tracker thus plays a pivotal role in providing 

seamless and consistent tracking of objects, enhancing the 

robustness of the system for real-world applications such as 

traffic monitoring and vehicle counting. 

D. Real-time video processing 

The code provided performs real-time video processing by 

employing the Euclidean Distance Tracker and the YOLO 

object recognition model to analyze video frames in a 

dynamic and continuous manner. With the use of the 

OpenCV library, frames are taken, scaled, and input into the 

YOLO model for real-time object recognition; the Euclidean 

Distance Tracker makes sure that objects are tracked 

smoothly between frames. With the help of this real-time 

processing capacity, traffic scenarios may be monitored in 

real time, enabling accurate vehicle counts and 

classification. The system is a useful tool for intelligent 

traffic management and surveillance applications in real-

world settings because of its effectiveness in processing 

changing scenarios and its capacity to deliver rapid insights. 

 

 

Fig. 2 Flow of the system. 
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E. Object detection and tracking 

      Object detection and tracking in the provided code 

involve utilizing the YOLO model for real-time 

identification of vehicles in urban traffic scenarios. YOLO 

efficiently predicts bounding boxes and class probabilities, 

enabling simultaneous detection of multiple objects. 

Subsequently, the Euclidean Distance Tracker ensures 

seamless tracking by assigning unique identifiers to detected 

objects based on their center coordinates. This tracker 

employs Euclidean distance calculations to match objects 

across frames, preventing duplicates and ensuring 

continuous tracking. Together, these components create a 

robust system for real-time object monitoring and tracking, 

forming the basis for effective traffic management and 

vehicle counting in dynamic urban environments.  

F. Vehicle counting and classification 

Vehicle counting and classification in the code are 

accomplished by analyzing the bounding box positions of 

detected objects. The system employs a logic that 

categorizes vehicles based on their position relative to 

predefined lines, determining their direction. Unique 

identifiers assigned by the Euclidean Distance Tracker aid in 

avoiding double counting. The code maintains separate 

counts for various vehicle classes, including cars, 

motorbikes, buses, and trucks. This integrated approach 

ensures accurate counting and classification, providing 

valuable insights into traffic patterns and contributing to the 

effectiveness of the intelligent traffic management system. 

IV. EXPERIMENT AND RESULT ANALYSIS 

This study's experimental design made use of a variety of 

video datasets that were taken from a traffic surveillance 

camera. The dataset included a variety of settings, including 

varied vehicle kinds, lighting conditions, and traffic density, 

with the goal of simulating real-world traffic scenarios. The 

chosen video stream offered a representative sample that 

could be used to evaluate the suggested real-time vehicle 

monitoring and counting system's generalisation potential 

and resilience. The application made use of the YOLO (You 

Only Look Once) object identification model, which was set 

up especially to identify different types of vehicles, such as 

trucks, cars, motorcycles, and buses. The Euclidean distance 

tracker was easily incorporated into the system to provide 

identified vehicles distinct identities and enable tracking of 

those vehicles across a series of frames.  

The suggested real-time vehicle tracking and counting 

system's trial findings demonstrate its reliable operation and 

potent ability to precisely track moving vehicles. The 

system, which combined the Euclidean distance tracker and 

the YOLO (You Only Look Once) object detection model, 

showed remarkable accuracy in recognizing and following 

vehicles in a variety of traffic situations. 

With classes set up specifically for cars, bikes, buses, autos, 

and trucks, the YOLO model was able to identify vehicles 

within video frames. The system's efficiency was enhanced 

by YOLO's real-time processing capacity, which allowed for 

quick and precise vehicle recognition as they moved over 

the surveillance area. 

 

The Euclidean distance tracker is a crucial tool for 

accurately tracking vehicles, ensuring consistent counting 

and trajectory monitoring. Its ability to handle object 

identity through distance computations contributes to system 

stability in varying traffic densities and complex scenarios. 

The system successfully counts vehicles in different classes, 

including cars, motorbikes, buses, and trucks, providing 

valuable insights into traffic dynamics by distinguishing 

between entering and exiting vehicles. 

 

 

Fig 3. Confusion Matrix 

Observations: 

• The model exhibits high accuracy across all 

classes, with F1 scores ranging from 98.36% to 

99.01%. 

• Notably, the model performs exceptionally well in 

distinguishing between 'car' and 'auto,' achieving 

precision and recall scores above 98% for both 

classes. 

• Class 'Truck' demonstrates high precision but 

slightly lower recall, indicating that while the 

model correctly identifies most trucks, there are 
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instances where it fails to capture all actual 

instances. 

 

 

Fig .4 Count of vehiclesz 

 

Fig 5. Count of vehicles 

The benefit of the suggested real-time vehicle tracking and 

counting system is demonstrated by the trial findings. A 

complete solution for intelligent transport systems is 

provided by the combination of YOLO and the Euclidean 

distance tracker, which delivers precise and trustworthy 

insights into traffic patterns, congestion analysis, and urban 

planning. The system's ability to function well in a variety of 

experimental conditions highlights its potential for use in 

real-world traffic management situations. 

V. CONCLUSION AND FUTURE ENCHANCEMENTS 

In summary, this study presents a thorough approach that 

combines machine learning technology to address the 

intricate problem of urban traffic congestion. The Euclidean 

Distance Tracker and the YOLO object recognition 

framework together provide a powerful real-time traffic 

analytics and vehicle tracking solution. With its high 

efficiency and precision in counting, classifying, and 

recognising vehicles, the system has a lot of potential to 

completely transform urban traffic management. Its insights 

not only help to reduce traffic but also provide useful 

information for well-informed infrastructure construction 

and urban planning. 

The system's future development includes incorporating data 

from multiple cameras for a comprehensive view of urban 

traffic patterns. It also needs improvements in weather and 

lighting adaptability, advanced preprocessing techniques, 

and the integration of crowdsourced data for a more nuanced 

understanding of traffic behaviors. Additionally, a real-time 

decision support system could provide actionable insights 

for traffic management, enhancing urban mobility and 

transforming intelligent transport systems. 
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