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Abstract - Traffic violations such as illegal parking and wrong-side vehicle driving significantly contribute to traffic congestion 

and road accidents in urban environments. According to recent reports, India records nearly five lakh road accidents annually, 

resulting in approximately 1.8 lakh fatalities. Continuous monitoring of traffic using conventional manual surveillance is 

inefficient and requires automated intelligent systems. This paper proposes a computer vision-based framework for detecting 

illegal parking and wrong-side vehicle movement using traffic surveillance videos. The proposed system integrates deep 

learning-based vehicle detection with motion analysis and centroid-based tracking to identify traffic violations in real time. 

Initially, a Region of Interest (ROI) and a reference direction line are defined during scene initialization. Vehicles are detected 

in each frame using the YOLOv8 object detection model, and centroid positions of detected bounding boxes are calculated for 

tracking vehicle movement across frames. Displacement analysis of centroid positions is used to determine vehicle motion and 

direction. Wrong-side driving is detected by evaluating vehicle movement against the predefined traffic direction, while illegal 

parking is identified using ROI-based spatial validation combined with temporal duration analysis. The proposed system was 

evaluated using CCTV traffic videos from different locations in Ahmedabad. Experimental results show that the system 

successfully detected illegal parking with 90% accuracy and wrong-side driving with 83.33% accuracy. The results demonstrate 

the effectiveness of the proposed approach for automated traffic violation monitoring in real-world surveillance environments.  

 

Keywords - Traffic violation detection, Illegal parking detection, Wrong-side vehicle detection, YOLOv8, Traffic surveillance.  

 

1. Introduction  
Due to the high growth of road accidents and other road 

violations, road safety has become a significant issue 

worldwide. According to the latest reports, road accidents are 

recorded as the number one cause of deaths in India, as 

evidenced by the statistics; almost five lakh road accidents are 

reported in the country every year, with the number of deaths 

also being about 1.8 lakh every year [1]. The most significant 

causes are traffic violations like speeding, improper U-turns, 

driving on the wrong lane, and illegal (wrong) parking. These 

offenses interrupt the traffic, create traffic jams, and pose a 

high probability of accidents. 

 

A common violation of traffic in the urban environment 

is illegal parking. Had individuals parked their vehicles in 

these restricted areas, such as sidewalks, crossroads, and 

identified no-parking places, it would lead to the hindrance of 

the movement of traffic and evidently decrease the road 

capacity. In the case of Intelligent Transportation Systems 

(ITS), traffic surveillance systems' automated detection of 

illegally parked vehicles has been one of the significant trends 

of research. The first research in the area of illegal parking 

detection relies on conventional computer vision methods like 

background subtraction and motion tracking to identify 

stationary vehicles in surveillance videos [2, 6]. This was done 

by having an analysis of pixel-level changes between 

successive frames to determine whether the vehicles had been 

stationary during a period of time.  

 

More experiments added foreground modeling and 

vehicle motion tracking to enhance the level of detection. 

Multi-object tracking methods examine and compute the 

trajectories of vehicles across frames and decide whether they 

are stationary in specific regions over extended periods of time 

[4, 10].  

 

To overcome the difficulty associated with overlapping 

vehicles and traffic jams, researchers also invented occlusion-

tolerant detection techniques [5]. Also, background modeling 

methods known as adaptive (Gaussian Mixture Models 

(GMM), dual background models, and so on) were presented 

to enhance the resilience of dynamic settings [9, 12]. These 

http://creativecommons.org/licenses/by-nc-nd/4.0/
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methods examine the temporal changes of video frames to 

distinguish between separated vehicles that are temporally 

stopped and vehicles that are parked unlawfully.  

 

Wrong-side driving is another severe violation of traffic 

that often leads to serious accidents, especially on highways 

and one-way roads. Traffic that moves contrary to the allowed 

direction of traffic considerably exposes the potential of head-

on crashes and congestion of traffic. Initial investigations on 

the wrong-way vehicle tracking were based on motion-based 

methods like optical flow to determine the direction of vehicle 

movement according to surveillance videos [22, 23]. These 

methods determine motion vectors to detect vehicles that are 

moving against the designated traffic direction.  

 

As computer vision and machine learning continued to 

develop, more advanced ways of detecting wrong-side 

vehicles were created. The method of lane detection and 

trajectory analysis was presented to predict the direction of 

traffic and find vehicles that break the traffic rules [24]. Object 

detectors built with deep learning, as well as tracking 

algorithms, have now been used extensively to detect wrong-

directional vehicle movement in real-time [25, 27, 28]. These 

systems detect vehicles on the initial frame through models 

based on a convolutional neural network and track the vehicle 

on a series of successive frames to estimate its direction. The 

advancement of deep learning has been rapid, and the smart 

traffic monitoring systems have largely been enhanced. The 

contemporary methods combine object detection, motion 

analysis, and trajectory tracking techniques to identify traffic 

offenses automatically. Specifically, the object detection 

models based on YOLO support real-time processing and high 

accuracy of detection, which is why they can be used in the 

application of traffic surveillance [32, 36, 39].  

 

Driven by these advances, this paper presents a computer 

vision model for identifying illegal parking and wrong-side 

movement of vehicles through traffic surveillance video taken 

at urban traffic cameras. The system suggested adheres to a 

systematic processing cycle. At the first stage, scene 

initialization is carried out in which the Region of Interest 

(ROI) and a reference direction line are identified according 

to the traffic movement within the monitored region. The input 

video is then pre-processed, and a vehicle detection model 

based on YOLOv8 is used to identify vehicles in every frame 

of the input video. The identified vehicles are represented with 

the help of bounding boxes, and centroid positions are derived. 

The tracking mechanism is centroid-based, and it uses 

successive frames to track vehicles and determine their 

movement direction and displacement. The system carries out 

parallel violation analysis based on the pattern of the tracked 

motions. Directional constraint evaluation is applied to 

identify vehicles that are moving in the opposite direction of 

the anticipated traffic movement, which shows wrong-side 

driving. At the same time, illegally parked vehicles are 

identified with the help of ROI based evaluation and 

verification of the time period, which helps to determine 

whether a vehicle is parked at a particular place, within a 

limited area, for a long period. In case of a violation, the 

system identifies and marks the relevant video frame and 

keeps the evidence that can be monitored and enforced. The 

processed frames are then repeated until the video stream is 

terminated, and the resources are then freed by the system. 

 

In spite of such developments, the current methods have 

drawbacks in real-life usage because most of the research is 

done on one type of violation and not on a combined multi-

violation framework. Also, the illumination variations, 

occlusions, and dynamic traffic environments tend to 

influence performance. This is where a powerful and scalable 

solution featuring object recognition, trustworthy tracking, 

and motion detection is required. Thus, to detect violations of 

the traffic, it is necessary to have a single framework that will 

be based on ROI-based assessment, temporal validation, and 

directional constraint analysis. 

 

2. Literature Review 
The literature review of this study is organized into three 

subsections to provide a clear overview of existing research. 

The first subsection discusses studies related to illegal parking 

detection, while the second subsection reviews methods for 

wrong-side vehicle detection. The third subsection highlights 

the research gap identified from the reviewed literature. 

 

2.1. Illegal Parking Detection 
The problem of illegal parking has been given a lot of 

research interest because of the effects it has on traffic jams 

and road safety in urban areas. Older methods were mainly 

based on the conventional image processing methods like 

background subtraction and motion detection to extract 

stationary cars in surveillance video footage [2, 6]. The 

techniques identify vehicles that spend long periods in motion 

through the difference between successive frames. To enhance 

the detection process, researchers proposed scene modeling 

and image transformation mechanisms in the identification of 

parked cars in an outdoor surveillance setup [3]. Multi-object 

tracking systems were also created to operate on the path of 

vehicles in the frames of the video and to identify whether 

vehicles are stagnant in the limited zones [4]. Nevertheless, 

the issue of tracking vehicles in a highly congested road scene 

is a challenge because of vehicle occlusion and overlaps. To 

solve these problems, occlusion-tolerant detectors were 

suggested to enhance the detection of parked vehicles [5]. 

 

Some of the works used motion analysis in order to 

identify unusual vehicle activity at traffic sites. The optical 

flow techniques are used to identify motion vectors to identify 

abnormal vehicle behaviour in surveillance footage [8]. 

Moreover, adaptive background modeling methods, including 

Gaussian Mixture Models (GMM), have been employed to 

accommodate the changes in illumination and dynamic 
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background in real-world setups [9]. They were further 

introduced as dual background models and cumulative 

foreground difference models in order to differentiate between 

temporarily stopped and illegally parked vehicles based on the 

temporal variation of video frames [10, 12]. Other methods 

that have been investigated in order to enhance the detection 

performance include machine learning and hybrid feature-

based methods. These techniques merge the spatial level, the 

shape properties of the objects, and the movement patterns in 

order to identify parking offenders more efficiently [7, 11].  

 

As deep learning is evolving, object detection systems 

like YOLO are increasingly popular in vehicle detection and 

traffic monitoring systems since they have high accuracy and 

can perform real-time processing [13]. A number of papers 

can combine deep learning-based vehicle detection and 

tracking algorithms to understand the pattern of vehicle 

movements and identify parking offenses automatically [14], 

[15]. Newer studies also examine the use of the spatiotemporal 

analysis method to identify cases of illegal parking through the 

analysis of vehicle tracks and movement trends with time [17], 

[18]. According to survey studies, intelligent video analytics 

with deep learning can enhance the efficiency of traffic 

violation detection systems to a great extent in a smart city 

setting [19, 21]. 

 

All in all, the state of the art concerning illegal parking 

detection indicates a shift towards less traditional image 

processing methods like background subtraction and motion 

detection, to more modern tracking algorithms and the 

implementation of deep learning. The early techniques 

worked well in controlled conditions, but were limited in 

uncontrolled conditions due to changing illumination, 

occlusion, and moving traffic conditions. Multi-object 

tracking and adaptive background modeling were introduced 

to enhance the reliability of detection, but they are still 

ineffective in high-congestion urban situations. More recent 

deep learning-based solutions, especially based on YOLO 

frameworks, are more accurate and can perform in real-time. 

However, the majority of available research is centered on the 

detection tasks in isolation and is not combined with the 

temporal and spatial validation, which implies that more 

powerful and intelligent solutions to the real-life traffic 

surveillance systems are required. 

 

2.2. Wrong Side Vehicle Detection 
Wrong-side driving is a serious road offense that has 

brought terrible accidents, especially on the highways and 

one-way roads. The initial studies were mostly based on 

motion-based detection. Surveillance videos were estimated 

through optical flow to determine the vectors of the vehicle 

motion and identify vehicles that moved in the opposite 

direction of the anticipated traffic flow [22, 23]. As computer 

vision developed, it introduced the method of lane detection 

and trajectory analysis to identify the normal direction of the 

traffic and the violation of the traffic law [24].  

Moreover, there is the use of anomaly detection methods 

to identify abnormal traffic flow patterns of vehicles at the 

scenes of traffic congestion [26]. Object detection models 

based on deep learning have greatly enhanced wrong-side 

vehicle detection. Various researchers used the YOLO-related 

frameworks in conjunction with tracking algorithms to 

identify vehicles and determine their motion direction in video 

surveillance [25, 27, 28].  
 

In this type of system, vehicles are identified with the help 

of deep neural networks and followed over frames in order to 

estimate their displacement and identify the direction of 

movement. Abnormal vehicle behaviour has also been 

detected using the methods of trajectory-based analysis. 

Unsupervised trajectory clustering techniques can be used to 

identify vehicles that travel in a direction contrary to the 

overall traffic without having to use large sets of labelled data 

[29].  
 

In other methods, road boundary detection and vehicle 

detection algorithms are used to identify the anticipated 

direction of traffic, and the violations are detected [31]. 

Current studies emphasize the accuracy of detecting 

improvement and computational efficiency with high-quality 

deep learning structures. Smart traffic monitoring applications 

usually combine YOLO-based detection networks with 

tracking algorithms to resolve various traffic offences in real 

time [32-36]. The current object detection models, including 

YOLOv8 and YOLOv9, offer greater accuracy of detection 

and can run much faster inference in the context of 

surveillance of real-time traffic [39, 40]. Other systems also 

have automated alerts that alert authorities in cases of 

violations [41]. Most recently, research has been conducted on 

hybrid deep learning methods combining object detection with 

more sophisticated tracking and behavior detection methods 

to further the functionality and correctness of wrong-side 

vehicle detection systems [42]. 
 

In general, the research on the problem of wrong-side 

vehicle detection shows a definite progression of the motion-

based methods, like optical flow and trajectory estimation, to 

the sophisticated deep learning-based architectures. Although 

pioneering techniques gave crude directional analysis, they 

were prone to environmental changes, and they failed to hold 

up in intricate road traffic situations. Object detection models 

like YOLO, combined with tracking algorithms, have greatly 

enhanced the accuracy of detection and real-time 

performance. Nevertheless, the vast majority of the current 

strategies are devoted to the detection of a single violation and 

use controlled data sets, which restricts their use in dynamic 

real-world settings.  

This shows that more elaborate and combined structures 

are required that can accommodate various traffic offenses 

with enhanced capacity and scalability. 



Palakkumar B. Bhatt & Dipesh Kamdar / IJECE, 13(6), 1-11, 2026 
 

4 

2.3. Research Gap  
Through the literature provided above, it can be seen that 

despite the great progress that has been achieved, there are still 

a number of significant challenges. 

 

Even though a considerable amount of significant 

progress has been achieved in detecting traffic violations, 

there are still a number of limitations to the existing research. 

Most studies are aimed at identifying illegal parking or wrong-

side driving, and not both.  

 

Conventional image processing algorithms are also 

illumination variant, occlusion, and dynamic background 

aware, which constrains their functionality in real-life 

surveillance situations [2, 9]. Thus, the necessity of an 

efficient and scalable structure that will be able to detect 

various violations of traffic in real-time with the help of traffic 

surveillance videos is identified.  

 

To overcome the findings of the existing studies, the 

present study proposes a computer vision-based method of 

detecting illegal parking and unlawful movement of vehicles 

on the road by monitoring the traffic surveillance video. The 

given system is a combination of vehicle detection with the 

help of YOLOv8 and centroid tracking and motion analysis to 

identify traffic violations on the basis of directional constraint 

analysis and Region-Of-Interest (ROI) based validation.  

 

As observed in the comparative analysis in Table 1, the 

majority of the current approaches are restricted to single-

violation detection and are not robust enough to be validated 

in real-life scenarios. Conversely, the suggested solution 

presents a single framework that integrates detection, tracking, 

and spatial-temporal validation to make it possible to monitor 

traffic in a multi-violation manner. This combined design is 

the main innovation of the given work and contributes to its 

relevance in real-life intelligent traffic surveillance systems. 

Table 1. Comparison of my work with existing work  

Method 
Violation 

Type 
Technique 

Processing 

Type 
Key Limitation Proposed Advantage 

Optical Flow 
Wrong-

side 
Motion vectors Offline Noise sensitive Improved robustness 

YOLO + 

Tracking 
Single Detection + tracking Real-time Single violation Multi-violation 

YOLO + 

DeepSORT 
Single Detection + tracking Real-time 

High 

complexity 
Lightweight tracking 

Lane-based 

Methods 

Wrong-

side 
Lane + trajectory Semi real-time 

Structured 

roads needed 

Works in complex 

scenes 

Multi-violation 

(existing) 
Multiple YOLO + tracking Real-time 

Limited 

validation 
Better validation logic 

Proposed Work Multiple 
YOLOv8 + centroid + ROI 

+ direction + temporal 

Near real-time 

(video-based) 
-- 

Evidence generation + 

robust detection 

3. Methodology 
The project will come up with a computer vision-based 

model to detect illegal parking and the wrong-side movement 

of vehicles based on videos taken by the traffic surveillance. 

The suggested system combines deep learning-based vehicle 

detection, centroid-based tracking, and motion analysis in 

order to detect traffic violations in real-time. The general tasks 

of the proposed system can be shown in the system flowchart, 

which is made of various consecutive stages such as the 

system initialization, frame pre-processing, vehicle detection, 

centroid-based tracking, and violation analysis.  

3.1. Scene Configuration and System Initialization 

Initialization and configuration of the scene start the 

system. The surveillance environment in this stage is prepared 

by setting up important parameters needed in the analysis of 

traffic violations. A Region of Interest (ROI) is indicated to 

show the place where violations of parking occur may take 

place. Also, a direction reference line is established to indicate 

the expected flow of the vehicles in the monitored road 

segment. After the scene configuration has been finalized, the 

input traffic video stream is opened, and the system reads out 

the frames one after another. The frame pre-processing stage 

is done to resize and prepare each frame with a uniform input 

resolution to the detection model. 

3.2. Vehicle Detection with YOLOv8 

Vehicle detection is done after pre-processing with the 

help of the YOLOv8 object detection model. YOLOv8 is a 

real-time object detection framework that uses deep learning, 

thus able to identify multiple objects on a single image with a 

high degree of accuracy and speed. Each frame, once 

processed by the YOLOv8, is detected with vehicles and 

bounding boxes around detected objects of the vehicle types 

cars, buses, trucks, and motorcycles.  

A bounding box is used to represent each identified 

vehicle with the coordinates of the top-left and bottom-right 

corners. Relevant vehicle classes are only saved in the vehicle 

class filtering process, and the bounding box data is processed 

out to be processed further.  
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Fig. 1 Proposed methodology 

The system adopts the YOLOv8s (small) model for a 

trade-off between detection performance and speed. The 

system uses a pretrained YOLOv8s (yolov8s.pt) model trained 

on the COCO dataset for vehicle detection. No additional 

training or fine-tuning is performed in this study. The model 

is directly applied to recorded CCTV video frames for real-

time detection. Furthermore, the image size is set to 640×640 

pixels to ensure uniformity in detection. Detection confidence 

and IoU thresholds are set to 0.5 to filter relevant bounding 

boxes. 

3.3. Vehicle Localization by Centroid Computation.  

Following the process of object detection, each of the 

detected vehicles is modeled as a bounding box with the 

coordinates of the top-left corner and the bottom-right corner:  

𝐵 = (𝑥1, 𝑦1, 𝑥2, 𝑦2) 
where: 

 𝑥1, 𝑦1 → coordinates of the top-left corner 
 𝑥2, 𝑦2→ coordinates of the bottom-right corner 

In order to determine the movement of the vehicle frame by 

frame, the centroid (midpoint) of each bounding box is 

calculated. The centroid coordinates (𝐶𝑥 , 𝐶𝑦) are calculated 

as: 

𝐶𝑥 =
𝑥1+𝑥2
2

 

𝐶𝑦 =
𝑦1+𝑦2
2

 

 

Centroid is the geometrical center of the detached vehicle 

region. Thus, the centroid point can be expressed as: 

Temporal Duration Validation Centroid-Based Tracking & 

Motion Analysis (ID Assignment Across 

Frames + Displacement Estimation) 

   

 

More frames    

available? 

No 

Yes 

Release System Resources 

Display Processed Frame 

Mark Wrong Parking, Annotate Frame 

& Store Evidence 

Mark Wrong Direction, Annotate Frame 

& Store Evidence 

Vehicle Class Filtering, Bounding Box 

Extraction & Centroid Computation 

Vehicle Detection (YOLOv8s) 

Scene Configuration 

(Define ROI & Direction Reference Line) 

Open Video Stream and read frame 

Frame Preprocessing (Resize & 

Preparation) 

System Initialization 

Start 

 

Stationary Condition 

Directional Constraint Evaluation ROI-Based Parking Evaluation 

Parallel Violation Analysis 

End 
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𝐶 = (𝐶𝑥 , 𝐶𝑦) 

 

In the system used, integer division is used to scale the 

centroid position to pixel coordinates:  

 

𝐶𝑥 = ⌊
𝑥1+𝑥2
2

⌋ 

𝐶𝑦 = ⌊
𝑦1+𝑦2
2

⌋ 

 

The centroid is used as a reference to track and perform 

motion analysis of the vehicle. The system is capable of 

estimating the patterns of vehicle movement by comparing 

centroid positions in each consecutive frame.  

3.4. Centroid-based Vehicle Tracking and Motion Analysis 

The system uses a based tracking mechanism in order to 

analyse vehicle behaviour with time. A tracking ID is 

allocated to each identified vehicle that enables the system to 

retain its identity in the successive frames. The tracking 

algorithm produces a comparison of centroid positions of 

identified vehicles in the present frame with those in the 

previous frame.  

Cars whose centroid position is similar are said to be the 

same object, and the motion trajectories are updated in this 

case. Frame tracking of the vehicles also allows the system to 

track the change in position and direction of movement of the 

vehicle, which are critical in the detection of traffic offenders.  

3.5. Movement Detection Displacement Calculation 

Vehicle motion is determined by calculating the 

displacement between centroid positions in consecutive 

frames. If 

𝐶𝑡 = (𝐶𝑥𝑡 , 𝐶𝑦𝑡) 

 
represents the centroid in the current frame, and 

𝐶𝑡−1 = (𝐶𝑥(𝑡−1), 𝐶𝑦(𝑡−1)) 

 
represents the centroid in the previous frame, the displacement 

D that is obtained as:  

𝐷 = |𝐶𝑥𝑡 − 𝐶𝑥(𝑡−1)| + |𝐶𝑦𝑡 − 𝐶𝑦(𝑡−1)| 
 

To effectively detect violations of diverse traffic 

conditions, a threshold-based decision rule is used on centroid 

displacement and temporal consistency to differentiate 

between moving and stationary vehicles. The displacement 

value is the difference between the position of a vehicle in two 

frames. When the movement goes beyond a predetermined 

limit, the car is considered to be in motion. On the other hand, 

when the displacement is less than the threshold in several 

successive frames, then the vehicle is said to be stationary. 

These movement properties are also applied in detecting 

traffic offenses like overstepping on the wrong side and 

unlawful parking. Parallel violations are discussed in the next 

section. 

3.6. Parallel Violation Analysis  

After the motion analysis is done, the system also 

conducts parallel violation detection to detect various kinds of 

traffic violations. 

 

The violation detection logic is parallel on tracked 

vehicles with designated IDs and centroid-based tracking and 

can detect multiple violations in the same frame sequence.   

3.6.1. Detection of Wrong-Side Driving  

To identify wrong-side driving, however, the system 

assesses the direction the vehicle is moving as compared to the 

direction of the reference line set. When the direction of 

movement of a given tracked vehicle is estimated opposite to 

the direction of the traffic flow, the system determines it as a 

wrong-side vehicle. After being identified, the violation is 

indicated in the frame, and the evidence is registered in a 

folder to be monitored and enforced.  

 

3.6.2. Illegal Parking Detection  

A mixture of ROI-based evaluation and temporal duration 

validation is used to achieve illegal parking detection. To 

begin with, the system checks the position of the vehicle 

centroid to be within the predefined parking-restricted area 

(ROI). A vehicle that stays within this area and its movement 

is less than the movement limit over a specified time is 

considered to be parking illegally. This system then annotates 

the frame and stores the related violation evidence in a folder.  

 

3.7. Visualization and System Termination 

The annotated violation frames, which are processed, are 

presented continuously as the system is running. Processing of 

the frames goes on until the video stream is finished. Lastly, 

every resource that has been allocated, including video 

streams and memory buffers, is freed. 

 

3.8. Experimental Design and Testing Process.  
The system was proposed in Python and tested on CCTV 

traffic videos of various road intersections in Ahmedabad. The 

experiments were conducted on a laptop having the Intel Core 

i5 processor (1.7 GHz) and 16 GB RAM. Vehicle detection 

was done with the YOLOv8 model, and all frames were 

preprocessed by being resized to a set resolution.  

 

The dataset comprises surveillance videos from CCTV 

cameras procured from the Ahmedabad Traffic Department 

covering several locations such as Rakhiyal, Danilimda, 

Bahucharaji Mata, and Football Ground intersections. Given 

that the proposed system integrates a pretrained YOLOv8s 

model with rule-based centroid tracking, there is no 

independent train-test split carried out, since the research aims 

at applying a trained model to recorded CCTV video 

sequences in order to evaluate events. 
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The dataset will be made up of four CCTV video clips of 

varying traffic density, camera angles, and environmental 

conditions. Illegal parking and wrong-side violations ground 

truth were annotated manually. A direction reference line and 

a Region of Interest (ROI) were defined at the road layout 

according to each video.  

 

The system is fed by the frames in order, and violations 

are detected by centroid displacement and temporal 

thresholds. The illegally parked vehicle is defined as one that 

is parked in the ROI during a specific period, whereas the 

wrong-side movement is defined by centroid movement with 

respect to the reference direction.  

 

Identified violations are saved in separate folders of each 

type of anomaly (illegal parking and wrong-side driving), and 

annotated image frames are used to provide visual 

confirmation. The evaluation of performance was based on the 

comparison of the number of violations detected with ground 

truth annotations, and the detection accuracy was determined 

on all test videos in a realistic traffic situation.  

 

4. Results and Discussion  
The traffic violator detection system had been evaluated 

on a number of CCTV traffic videos recorded at different road 

crossings in the city of Ahmedabad. The videos depict 

different traffic situations, angles, and traffic congestion. The 

cameras that were placed were each equipped with a manually 

determined Region of Interest (ROI) that restricted the 

surveillance area to the area of interest on the road.  

 

Figure (2)-(5) demonstrates that the green border is the 

boundary of ROI, i.e., the area in which the behaviour of the 

vehicles is analysed. It is also assisted by a yellow reference 

line to determine the direction of traffic that is supposed to be 

observed in order to determine the wrong side.  

 

This is done using real-time CCTV video sequences 

recorded at various sites in Ahmedabad, such as Rakhiyal, 

Danilimda, Bahchoraji Mata, and Football Ground crossings, 

to ensure a variety in the traffic conditions. The system 

performance is tested in these diverse real-life scenarios 

instead of a traditional train-test split to test robustness and 

generalizability. 

 

 
Fig. 2 CCTV video 1 ROI and wrong side detection line 

 
Fig. 3 CCTV video 2 ROI and wrong side detection line 

 
Fig. 4 CCTV video 3 ROI and wrong side detection line 

 
Fig. 5 CCTV video 4 ROI and wrong side detection line 

Every frame is input into the system, which processes the 

frame with the help of Python using the YOLOv8 object 

detector model in order to recognize vehicles such as cars, 

motorcycles, auto-rickshaws, buses, and trucks. The centroid 

of the bounding box of the identified vehicles is calculated, 

and the bounding box of each vehicle is generated. All the 

vehicles are assigned IDs that allow the system to recognize 

the vehicles sequentially on a frame. The vehicle motion is 

analysed using the centroid displacement, which identifies the 

vehicle position that is either moving or stationary. The given 

boundary of the ROI will enable the process of monitoring the 

vehicles within restricted areas to identify illegal parking, and 

the yellow line will be used to identify the vehicles moving in 

the opposite direction of the expected traffic flow. When a car 

has been parked for over a specific duration in the ROI, then 

the car is regarded as illegal parking. In the same manner, 

when the centroid path crosses the reference line in an 

opposite direction to the direction established, the system 

regards it as a wrong-side vehicle. The experimental 

assessment aimed at carrying out an evaluation of four CCTV 

traffic videos at different locations in Ahmedabad.  
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Table 2. Violation detection accuracy table  

CCTV 

Video 

Illegal 

Parking 

(Actual) 

Illegal 

Parking 

(Detected) 

Wrong-

side 

vehicle 

(Actual) 

Wrong-side 

vehicle 

(Detected) 

Video 1 3 2 0 0 

Video 2 3 3 2 2 

Video 3 3 3 4 3 

Video 4 1 1 0 0 

Accuracy 90% 83.33% 

The results of the experiment also reflect these 

improvements as the proposed system attains 90% accuracy in 

detecting illegal parking and 83.33 percent accuracy in 

detecting wrong-side vehicles, as represented in Table 2. 

Compared to existing methods summarized in Table 1, the 

proposed approach provides more reliable detection under 

actual traffic conditions due to its integrated validation 

mechanism. The integrated multi-stage validation approach in 

the proposed system leads to better performance than the 

current methods. Table 1 demonstrates that the conventional 

approaches, e.g., optical flow, are noisy and ineffective in 

dynamic traffic, whereas the approaches built on the basis of 

the YOLO system in combination with tracking can often 

detect only one violation. By contrast, the suggested approach 

involves the combination of YOLOv8-driven detection and 

centroid tracking, ROI-driven filtering, and directional and 

temporal validation. This integration minimizes false 

detection and makes it stronger in a real-world situation. 

Moreover, centroid tracking is used, which guarantees almost 

real-time performance at reduced computational complexity 

compared to other algorithms like DeepSORT. The proposed 

system is more appropriate in a real-life traffic surveillance 

system, unlike the current methods, which can identify various 

violations (illegal parking and wrong-side driving) in a single 

system. The same improvements are applied in the outcomes 

of the experiment, as the proposed system has 90% accuracy 

in detecting illegal parking and 83.33% in detecting wrong-

side vehicles, as demonstrated in Table 2. The proposed 

approach offers more accurate detection in real traffic 

conditions than other current methods, as summarized in 

Table 1, because it has an inbuilt validation mechanism. 

 

Table 2 shows the number of violations and the detections 

that were made by the proposed system. These results have 

shown that the proposed framework is useful in detecting 

illegal parking and wrong-side vehicle detection under 

different traffic scenarios. The combination of the YOLOv8-

based vehicle detection, ROI-based evaluation, centroid 

tracking, and motion scan can help to monitor vehicle 

behaviour efficiently in the real-world surveillance setting. 

  

The considered video recordings had 10 cases of illegal 

parking and 6 cases of wrong-side vehicle movement. The 

proposed system was able to identify most of these violations. 

The system demonstrated a 90 per cent detection rate of illegal 

parking offenses and an 83.33 per cent detection rate of 

wrong-side vehicle violations in the experimental conditions, 

as indicated in Table 2. Such findings reveal that the suggested 

method is useful in determining traffic offences based on the 

footage of CCTV surveillance. Nevertheless, the analysis was 

provided on a small collection of capture videos; thus, 

additional testing on bigger collections and in more different 

settings is needed to fully test the strength and scalability of 

the suggested system. 

 
Fig. 6 CCTV (Video 1) Detected output frame 

 
Fig. 7 CCTV (Video 2) Detected output frame 

 
Fig. 8 CCTV (Video 3) Detected output frame 

 
Fig. 9 CCTV (Video 4) Detected output frame 
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Figure (6)-(9) demonstrates a representative output frame 

of the videos tested by CCTV cameras, with the violations 

identified marked by the help of bounding boxes and text 

markers. These findings validate the potential of the proposed 

system to correctly identify illegal parking vehicles and 

wrong-side vehicles within the context of traffic surveillance 

video data. 

 

5. Conclusion 
This paper suggested a computer vision approach to 

identify illegal parking and wrong-side vehicle movement 

through traffic surveillance videos. The system is a 

combination of vehicle detection on the basis of YOLOv8, 

monitoring on the basis of ROI, centroid tracking, and motion 

analysis to detect traffic offenders in CCTV images 

automatically.  

 

The Region of Interest (ROI) limits the monitored space 

to be used to detect illegal parking, whereas an orientation 

reference line can be used to detect vehicles moving against 

the direction of traffic flow, as expected. The system was 

tested with the help of several CCTV videos that were taken 

at various road crossings in Ahmedabad city.  

 

The experimental findings demonstrated that the 

suggested method is quite effective in identifying traffic 

offenses in traffic surveillance scenarios. Based on the videos 

analyzed, 10 cases of illegal parking and 6 cases of movement 

of vehicles on the wrong side were established. The system 

was able to detect illegal parking with 90% accuracy and 

wrong-side vehicle detection with 83.33% accuracy, proving 

that the system can be used to monitor traffic automatically.  

 

It should be noted that the assessment in this work is 

carried out at the event level based on the video footage of 

CCTV recordings in the absence of frame-wise annotated 

ground truth. So, standard performance measures like 

precision, recall, and F1-score could not be calculated reliably. 

The accuracy reported indicates the violation detection rate of 

real versus detected events. Some false negatives (a few 

missed detections), like a parked car that was parked illegally, 

but in one position was noticed, which means that it can be 

improved. Further development will be done by creating 

annotated datasets to facilitate comprehensive evaluation 

using metrics. 

 

Future Work  
Future directions will include the creation of frame-wise 

annotated datasets of the recorded CCTV video footage to 

allow the calculation of standard evaluation measures, 

including precision, recall, and F1-score. Moreover, the 

number of missed detections will be minimized, and 

robustness in such adversarial conditions as occlusions, heavy 

traffic, and changing illumination will be enhanced. To 

increase the scalability and applicability of the system to the 

real world, the system will also be tested on larger and more 

diverse datasets. 
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