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Abstract - Intelligent and dynamic traffic management is the key component for smart city development. Vehicle tracking plays 

a vital role in providing enhancements in urban mobility and city planning for smart city development. Real-time tracking helps 

authorities to manage the traffic flow, to estimate the speed of vehicles, to maintain dynamic traffic control systems, etc. Computer 

Vision transforms the way traffic surveillance is conducted from manual to automatic, also by making the process static and 

automatic. This paper provides a video processing technique to track multiple vehicles using Computer Vision. 
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1. Introduction 
Traffic Surveillance is one of the major development 

domains in the development of smart cities in India. India is 

facing a rapidly urbanizing population and an increase in 

traffic density. For India, in 2024, the initiative-“Sangam: 

Digital Twin” was launched by the Department of 

Telecommunication to leverage technological advancements 

to anticipate the real-world effects of implementing innovative 

infrastructure planning solutions, assisting in formulating a 

future roadmap for sustainable and scalable development [29]. 

The initiative by the government took place for discussion 

about the transportation sector development for making 

Intelligent and Dynamic Traffic management of the city, 

which includes various measurements to be optimized, like the 

flow of vehicles, the average speed of vehicles [29]. 

Vehicle tracking is one of the important and crucial 

applications for traffic surveillance, combined with various 

technologies such as GPS, RFID and Computer Vision. 

Computer Vision plays an important role in intelligent traffic 

surveillance systems. Many traffic regulation tasks can be 

converted from manual work to automation by integrating 

computer vision-based intelligent systems. Vehicle tracks can 

be useful for many applications, such as Traffic Congestion, 

Vehicle Speed Estimation, and urban planning. This paper 

presents a comparative analysis of tracking vehicles using 

CCTV footage by combining Computer Vision technologies. 

This paper presents a comparative analysis of various 

approaches for vehicle tracking, alongside an innovative yet 

space-efficient method for vehicle tracking. This method 

innovatively improves the verification of vehicles by storing 

vehicle positions by utilizing a simple array technique. This 

approach not only records the positions but also stores various 

vehicle attributes, such as contour, vehicle track in terms of 

their centroid pixels track, and centroid. As a result, it 

facilitates easier implementation and verification in 

subsequent video frames. Motion representation in computer 

vision encompasses various algorithms. Motion tracking for 

moving objects typically involves a two-phase process: object 

detection followed by object tracking. This paper presents a 

comparative analysis of different algorithms for vehicle 

tracking, specifically identifying which methods are suitable 

for vehicle tracking and which are not. A dataset specific to 

vehicles is utilized, and the implementation of various 

technologies is compared using this dataset. The remainder of 

the paper is structured as follows: Section 2 elucidates 

different methods for object tracking. Section 3 presents the 

implementation and results. Section 4 provides a comparative 

analysis post-implementation. 

2. Multimodal vs Single Camera Approach for 

Vehicle Tracking 
Vision-only (single camera) systems are being studied 

widely because of their low cost and the amount of 

information they provide. In contrast, a multi-modal tracking 
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system combined a camera with different sensors. Real-world 

deployment still faces hurdles in generalization [30]. LiDAR 

employed systems are cost-effective compared to RADAR-

based systems [29]. Recent growth on RADAR underscores 

its efficiency to ensure robust perception under real-time 

environment scenarios [29]. As per the information for 

Camera Installation for vehicle tracking purposes, it has to be 

cost-effective. Also, the multi-modal systems are very useful 

for autonomous driving systems [30], but for traffic 

surveillance, single-camera systems are feasible and cost-

effective. 

3. Vehicle Tracking Techniques 
The video analysis using image processing involves the 

initial step of identifying a moving object from two 

consecutive frames. Many applications necessitate precise 

detection and location data of the object during the continuous 

tracking process. Computer vision offers several techniques 

for object detection in video datasets. For Vehicle, techniques 

can be broadly categorized into two types: 1) motion-based 

and 2) learning-based. Motion-based techniques are used to 

estimate motion within a sequence of images. A fundamental 

method for detecting motion involves subtracting two 

consecutive frames, known as the frame-differencing method, 

which results in the detection of motion through pixel 

distribution. However, object identification cannot be 

achieved solely using this technique. Features such as edges 

and corners can be utilized as inputs for detection algorithms. 

Corners reduce the search time for motion tracking and can be 

used for subsequent tracking processes. Edges provide 

valuable information for highlighting the boundaries of 

moving vehicles. The basic algorithms for edge detection 

include Canny, Sobel, Prewitt, and Roberts with their kernels 

for horizontal and vertical edges [3]. Both horizontal and 

vertical edges can be considered [20]. A fixed ratio of 

horizontal and vertical edges is used for regions containing the 

vehicle as a target, such as a number plate, if vehicle [3, 20].  

All these methods are conventional for detecting an object 

from an image; however, they are insufficient for achieving 

the tracking goal. They can be used for detection purposes 

only. Another method for object detection involves color 

detection using a simple histogram calculation method [28]. 

However, color detection is not suitable for vehicle-specific 

applications because of the greater number of different 

vehicles and having the same colors in real time. Features of 

vehicle targets may include multiple vehicle features (e.g., 

number plates). An alternative approach for object detection 

and measurement of distance is stereo vision, which involves 

computing a disparity map for two images captured by a stereo 

camera of the same vehicle. Although this approach is reliable, 

the cost of implementation increases because two cameras 

must be used. 

Learning-based methodologies are increasingly being 

used for object classification, including vehicle detection, 

using various techniques. Vehicle detection can be 

implemented through segmentation and object localization 

processes by employing different features and classifiers for 

specific vehicle detections [28]. Principal Component 

Analysis (PCA) is another learning-based approach for 

vehicle detection.  

The most relevant approach is the Neural Network 

approach, wherein a training- and testing-based model is 

developed for vehicle detection [1, 4]. Among the various 

deep learning techniques, You Only Look Once (YOLO) is a 

widely used model for specific vehicle detection [1, 4]. YOLO 

provides a higher frame rate than other models because it 

processes the entire frame in a single pass and detects vehicles 

from only two grids of the frame, resulting in lower accuracy. 

When applied to live data, learning-based approaches are 

faster but require higher configurations and greater costs, such 

as a GPU.    Comparative study is represented in the following 

table (Table1). 

Table 1. Comparison of different techniques for vehicle detection and tracking 

Type Technique Methodology 
Task/Goal(s) 

Detection Tracking Classification 

Motion 

based 

Optical Flow [1] 

Works on the Brightness Constancy Equation 

and assumes that neighboring pixels have 

similar motion 
√ √ × 

Frame Difference 
Subtraction (Absolute difference) of two 

consecutive frames 
√ √ × 

Corners 

Finding the corner pixel from a frame by 

considering a significant change of intensity 

in more than one direction 
√ × × 

Vertical and 

Horizontal Edges 

[3, 20] 

Fixed Ratio of horizontal and vertical edged 

for regions with a target(vehicle) 
√ √ × 

Colour [28] Simple histogram calculation √ × × 

Stereo Camera  

[12, 13] 
Computation of disparity map √ √ × 
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Feature Extraction 

[4] 

Targets of multiple features of a vehicle (e.g., 

Numberplate) 
√ √ × 

Learning 

based 

Features and 

classifiers [28] 
Different classification techniques √ × √ 

Principle 

Component 

Analysis [28] 

Detection with Principal Component 

Analysis (PCA) 
√ × × 

Neural Network  

[1, 4] 

Training and Testing-based Model generation 

of a vehicle 
√ × √ 

4. Learning-based Approach  
There are mainly two categories of deep learning 

techniques: 1) Single step Algorithm and 2) Two-step 

Algorithm. For processing an image, two step vehicle 

detection algorithm can be used that considers a region-based 

approach. Object Detection is generally divided into a two-

step procedure comprising the extraction of frames and 

applying classification or regression for detection.: Extracting 

a region proposal from a sequence of frames and classifying 

and reversion of frames to improve the model’s detection 

accuracy [28]. Deep Learning techniques have been studied in 

[30], and by comparison, there are a few issues that are open 

for future work.  

It is necessary to update the model for vehicle tracking in 

some aspects [30]. The aspect for which modification is 

needed is for detection or classification in Video. Traditional 

algorithms for object classification or for detection usually 

perform frame-by-frame vehicle detection, but do not perform 

the correlation of vehicles in consecutive frames. [30]. 

5. Multiple Vehicle Tracking Algorithm  
In the realm of motion representation for moving objects, 

optical flow characterizes the pattern of apparent motion 

between two consecutive frames prompted by a moving 

object. Optical flow works on the principle of the Brightness 

Constancy Equation. It assumes that neighbouring pixels of 

feature points also have similar motions. Typically, optical 

flow is used with feature points identified through corner 

detection in the initial frame, and these points are subsequently 

tracked iteratively across all frames of a video.  

The Lucas-Kanade method employs a 3 × 3 patch around 

a point to track motion, whereas dense optical flow calculates 

the optical flow for every point within the frame. As a result, 

the dense optical flow was slower than the Lucas-Kanade 

method. To effectively track a vehicle using the Lucas-Kanade 

method, an array of points, either corners or edges, must be 

identified in the initial frame as suitable points for tracking. 

Corner points reduce the computational overhead associated 

with calculating the optical flow for subsequent frames.  

In this study, the optical flow calculation was optimized 

by focusing on the centroid points of the detected vehicle 

contours. To track multiple vehicles within a single frame, a 

class-object approach was used to store each vehicle as an 

object within the frame.  

The subsequent step involved verifying whether each 

vehicle was present in the previous frame, which was achieved 

through contour shape matching. For each new vehicle 

detected in a frame, its contour is added to the vehicle array, 

and its track is updated accordingly. Algorithm can be 

represented as follows: 

1. Input Video 

2. Set pre-defined Parameters for optical flow (Array p0 

and p1) 

3. Generate Background Subtractor and Vehicle Array  

4. Generate Mask to draw the track  

5. Create a vehicle Array and a vehicle object 

6. For each frame : 

a. If First frame  

i. add vehicles for all contours found in first frame  

b. Else: 

i. For each contours in frame: 

1. Check whether the vehicle exists in the array 

or not  

2. If Exist then update the track  

a. Get previous position and calculate distance 

b. Calculate the speed of a particular vehicle  

3. Else, add the vehicle to the vehicle array by 

setting all vehicles 

4. Compute the optical flow for points 

ii. Update p0 for optical flow  

iii. Calculate Optical Flow and draw the track 

7. Update p0 and p1 

8. Repeat from step-6 

9. Stop 

6. Data Availability 
The data that support the findings of this study are 

available from the Dataset from [26]: Sochor, Jakub and 

Juránek, Roman and Špaňhel, Jakub and Maršík, Lukáš and 

Široký, Adam and Herout, Adam and Zemčík, Pavel,” 

Comprehensive Data Set for Automatic Single Camera Visual 

Speed Measurement”, IEEE Transactions on Intelligent 

Transportation Systems, vol 20, pages=1633-1643, doi = 

10.1109/TITS.2018.2825609,2019”. Restrictions apply to the 

availability of these data, which were used under license for 
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this study. Data are available from the authors with their 

permission. 

7. Evaluation Metric  
The dataset that is used is the same dataset and 

experimental setup as described in [26] to ensure fair and 

consistent comparison. This work focus on classical non-deep 

learning tracking method for low operation complexity, so the 

work focus on the processing time as an evaluation metric. As 

such, metrics such as MOTA/MOTP that are driven by deep 

learning-based detection methods are not used.  

8. Scalability and Real-Time Deployment 
The proposed vehicle-tracking framework represents a 

breakthrough in computational efficiency, making it ideal for 

real-time use in intelligent transportation systems. By using 

geometric calculations based on optical flow tracking instead 

of resource-intensive deep learning models, this method 

requires significantly less processing power and memory. The 

distance and speed estimation stages rely on simple 

mathematical operations, ensuring minimal computational 

overhead. Consequently, the framework can handle video 

streams at real-time frame rates on standard computing 

hardware without the need for dedicated GPU resources, 

offering a cost-effective solution.  

Moreover, the approach is inherently scalable and ready 

to be adapted for multiple surveillance cameras across various 

traffic environments. Each camera functions independently, 

allowing seamless integration into distributed traffic 

monitoring architectures with minimal adjustments.  

The framework's ability to process each tracked vehicle 

individually enables it to manage different traffic densities, 

while its scene-independent geometric formulation allows for 

deployment at diverse locations with minimal recalibration. 

These features position the proposed method as a practical and 

efficient solution for large-scale traffic monitoring and 

intelligent transportation applications. 

9. Implementation and Results 
For Comparison, other methods have been implemented, 

and a comparative study has been represented. Figure 1 

indicates various algorithm implementations with their result-

specific vehicle tracking. Figure 2 shows the continuous 

frames result for the proposed algorithm.

  
(a) (b) 

  
(c) (d) 

Fig. 1 Basic methods used for vehicle tracking, (a) Dense optical flow, (b) Optical flow with Shi-Tomasi corner detection, (c) Contour detection, and   

(d) Learning-based approach-YOLOv3. 
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9.1. Multiple Vehicle Tracking 

  
(a) (b) 

  
(c) (d) 

  
(e) (f) 

Fig. 2 Result analysis: (a-f) Multiple vehicle tracking using optical flow combined with centroid of contours. 

10. Result Analysis 
Table 2. Result analysis

Technique OpenCV Function 

Execution time (For 

each frame) (ms) 

(Average) 

Detection 

Goal 

Tracking 

Goal 

Dense Optical 

flow 
cv2. calcOpticalFlowFarneback() 547 True √ 

Optical flow 

Lucas-Kanade 
cv2.calcOpticalFlowPyrLK() 168 True √ 

Multiple Vehicle 

Tracking 

Algorithm 

cv2.calcOpticalFlowPyrLK(), 

cv2.goodFeaturesToTrack(frame_gray, mask = 

None, **feature_params) 

87.5 True √ 

Horn-Schunk 

Optical Flow 

User-defined function to calculate Image 

derivatives using the Sobel Convolution kernel 
560 True √ 
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SSD MobileNetSSD 33 
Partially 

True 
X 

Learning-based 

YOLO 
Model generation using tensorflow  library 23.1 (using GPU) True X 

Blob Detection cv2. simpleBlobDetector_create() 146 
Partially 

True 
X 

Mean shift cv2. meanShift() 6.5 False X 

Camshift cv2.camShift() 8.6 False X 

Frame Difference Consecutive frame subtraction 7.9 True X 

Contour 

Detection 
cv2.findContours() 89.2 

Partially 

True 
√ 

Background 

Subtraction 
cv2. createBackgroundSubtractorMOG2() 26.3 True X 

11. Conclusion  
Major of existing on-road vehicle detection techniques 

use a “detection-then-track” approach. As per the result 

analysis, for vehicle tracking, optical flow with canny edge 

and shi-tomasi corner detection gives better execution time 

and detection. For real-time applications such as over-speed 

detection, there is a need to have low cost and less time-

consuming calculation of speed and hence the tracking 

implementation is crucial part. The proposed algorithm gives 

less time as compared to other algorithms. 
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