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Abstract - The review of methodologies regarding real-

time vehicle speed detection, estimation, and tracking 

using some advanced computer vision techniques, using 

modern deep learning techniques, by applying models 

like YOLOv8, Deep SORT, and GMM by possible 

application for the accurate detection and tracking of 

vehicles. Thus, the research refers to fewer techniques 

that have achieved a Mean Absolute Error of 35 and 

RMSE of 422 relating to the estimation of speed; it refers 

to the addition of better time interpolation methods, 

including vehicle acceleration that lowers the error in the 

speed estimation to 07% levels. Another discussion 

incorporated in the paper is the high-resolution dataset for 

fine-grained vehicle recognition and Classification, Low-

Cost Speed Detection Systems that rely on frame 

difference methods and IoT integration These 

innovations enhance the real-time surveillance ability 

especially in sensitive areas such as schools and hospitals, 

as it is efficient, although some challenges brought about 

by environmental factors such as lighting conditions, 

angles, and other cameras bring about difficulties. Below 

are the results from the survey and indicate in what ways 

this could be attributed to developing better traffic 

management, police service, and intelligent 

transportation systems. Results Specifically, these reveal 

the feasibility of scalable, accurate, and cost-effective 

solutions towards road safety and effective traffic 

management. 
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1.INTRODUCTION  

Modern cities witness the rampant pace of urbanization 

accompanied by a rise in vehicular traffic demand 

appropriate traffic-jam and highway-safety. The 

increasing rate of traffic accidents within the vicinity of 

school zones and near hospitals, which are always related 

to injurious consequences to the extreme, has made light 

upon the necessity for efficient vehicle-detecting and 

speed instruments that imply to intelligent transportation 

systems in mitigating such problems. Besides road safety, 

it also helps in the free flow of traffic and proper 

exploitation of urban infrastructure. Literature review: 

There are many alternatives that have been used to 

monitor the speed of a vehicle. The traditional systems 

like radar-based systems and induction-based loop 

detection have been largely deployed; however, they are 

deficient in many ways, primarily due to their higher 

costs, limited scalabilities, and lower accuracies, 

especially in cases of smaller or changing size vehicles 

from time to time. For instance, for a radar-based system, 

the cost will be reasonably very high and will fail at 

relatively high traffic densities, and it is desirable that the 

inductive loop detectors wear out over time. The 

promising alternative solutions come from recent 

developments in machine-learning and computer-vision. 

For instance, video-based systems become non-intrusive 

solutions through the use of quality video feeds that track 

movement in real-time. Techniques such as the YOLO 

algorithm enable good object detection while techniques 

like Kalman filters and Deep SORT enable enhanced, 

long-term tracking of vehicles. Such deep learning 

techniques put into use by researchers include 

morphological operations and the concerned area of 

interest segmentation to enhance the accuracies of 

detection for feature extraction. While technology 

advances, these challenges of all effects that come from 

lighting, and varying weather conditions are still 

significant barriers to achieving fair detection 

performance. Suitable research already conducted on 

speed detection and tracking techniques with real-life 

applications is reviewed. Based upon analysis of various 

approaches-from the integration of YOLOv8 with Deep 

SORT for real-time vehicle detection and tracking-such 

systems look into how existing video infrastructure is 

exploited in deploying scalable cost-effective 

applications in different traffic environments. Thus, a 
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highly promising synergistic consideration of these 

approaches appeared that elucidated their trends and 

application for measuring vehicle speed under variable 

environmental conditions. The purpose of these 

technologies is to promise progress in combating vehicle 

congestion and enhancing highway safety. This paper 

might answer many questions regarding the working of 

ITS: it offers a systematic view, almost in the shape of a 

systematic analysis in one coherent issue, of existing 

solutions in such applications by showing how novel 

technologies have converged for enhancements in vehicle 

speed detection. This means making it more effective to 

enact excessive speed detection-a possible deterrent to the 

lesser frequency of such events, hence improving urban 

travel.  

 

2. Methodology 

Those methodologies are based mainly on techniques 

obtained from computer vision and deep learning. Other 

systems also employ object detection algorithms, for 

instance, CNN-based YOLO [2] [4] [8], to track vehicles 

in real time. Techniques, including image processing, 

such as background subtraction, temporal differencing, 

and morphological operations, isolate moving vehicles 

[4][6]. To track, other approaches include Deep SORT [1] 

and correlation trackers [2]. Speed estimation mainly uses 

the Euclidean distance formula in computing 

displacement between frames [2][6][7]. Besides, some 

methods also use time interpolation techniques to 

enhance the capture of vehicle acceleration [3]. Camera 

calibration and standpoint-based transformation are also 

used in image coordinate mapping into real-world 

measurements [3][5]. More advanced systems then 

employ IoT sensors and microcontrollers for direct speed 

measurement [8]. Data processing essentially involves 

several preprocessing techniques, which include contrast 

enhancement, smoothing, and the removal of shadows 

[9]. Deep learning architectures like ResNet, MobileNet, 

and VGG16 have been applied for the classification of 

vehicles and prediction of attributes for the vehicles 

[5][10]. Other approaches also discuss the use of satellite 

images and GIS techniques to further enhance traffic 

analysis [4]. The systems consist of a variety of 

programming languages and frameworks. For example, 

Python is used with OpenCV for the baseline algorithms 

and web technologies such as NodeJS for the user 

interfaces and data management [2]. 

 

3. ADVANTAGES 

These systems bring forth huge improvements over the 

real-time traffic supervision and control [1, 2, 6, 7, 8]. It 

offers higher accuracy to detect, track, and calculate the 

speed of the vehicle. Some prototype implementations 

have managed to achieve 99.38% accuracy in ideal 

conditions [9]. In addition, the implementation of 

complex advanced algorithms like YOLO and deep 

learning models promotes efficient processing of 

complex traffic scenarios [1, 4, 5]. Most of the solutions 

are economically feasible since they utilize existing 

camera structures instead of dedicated equipment [1, 3, 6, 

7, 8]. In most cases, the solutions are very flexible in 

capturing different types of traffic and vehicles under 

various conditions [4, 6, 9]. Additionally, they play a very 

important role in making roads safer due to real-time 

speed enforcement and accident prevention [2, 8]. 

Scalability makes the solutions suitable for mass 

applications in smart city projects [1, 8]. Certain 

methodologies present cross-modality analyses that 

integrate web-based information with surveillance data, 

facilitating a more thorough examination of vehicles [10]. 

These systems are capable of delivering significant data 

that can enhance traffic flow optimization and diminish 

congestion [6, 8]. Sophisticated implementations enable 

detailed vehicle classification and attribute forecasting, 

which are applicable in intelligent transportation 

frameworks as well as consumer-oriented applications [5, 

10]. Collectively, these are rather true giant leaps within 

the traffic management area regarding precision, 

economic efficiency, and practical relevance. 

 

4. LIMITATIONS 

Many systems are sensitive to environmental conditions; 

the performance degrades when low illuminations occur, 

unfavorable conditions like rain or fog occur, or during 

nighttime [4, 7, 8, 9]. Camera positioning and angles have 

significant effects on accuracy and limit the flexibility of 

deploying the system in deployments [2, 6, 7, 9]. 

Occlusion problems arise from the overlapping of two 

vehicles or objects covering a vehicle, causing detection 

errors or missed vehicles [7, 9]. Some systems fail in 

complex traffic scenarios; for example, it fails for large 

and small vehicles passing together, which yields false 

positives [6]. The accuracy of speed estimation may be 

affected by camera shake, vibration on rough roads, and 

variation in vehicle position with respect to the camera, 

among others [4, 6, 7]. Most approaches have problems 

with implicit prediction of vehicle attributes like 
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maximum speed and displacement from visual data only 

[10]. The similarity among the close relatives, especially 

from different angles or minor annual changes, causes 

difficulties [10]. Some implementations include 

complicated camera calibration proceedings liable to 

human-related errors [3]. The processing power of 

complex algorithms may compromise real-time 

capability in resource-constrained environments [1, 5]. In 

classifying images, some techniques tend to be adversely 

affected by high intraclass variance across vehicle brands 

and models so that reliability of the results is influenced 

[5]. Video surveillance creation actually raises privacy 

issues and should be accompanied by other techniques 

that blur faces and car number plates [5]. Finally, the 

performance will predominantly depend on the gravity 

and variety of training datasets, in which highly available 

datasets are imbalanced or narrow-scoped [5, 10]. 

 

5. CONCLUSIONS 

This kind of survey will, therefore, broadly discuss state-

of-the-art methodologies towards real-time vehicle speed 

detection, estimation and tracking by integrating the 

advanced computer vision and deep learning techniques. 

Hence, using such synthesis of literature, we can signify 

whether models like YOLOv8 and Deep SORT have been 

bringing some worthwhile differences in leveraging their 

promises towards improved accuracy and reliability in 

vehicle monitoring systems. We find that while 

promising, the solutions identified face significant 

challenges: their application in existing scenarios is 

challenged by environmental issues, which include 

lighting and camera location, as well as occlusion, which 

degrades detection performance and accuracy. 

Challenges also lie in the limitations of current datasets, 

moreover with complexity of some methodologies, to 

which further Exploration and advancement will 

eventually lead to optimization in real-world 

applications. In light of these insights, Future studies may 

focus on improving the robustness of the system by 

enhancing environmental adaptability and creating more 

diverse and representative training datasets. Exploring 

IoT technologies moreover deep learning can support 

scalable, cost-effective solutions for ITS. 

Overall, this study suggests continuous innovation and 

refinement in vehicle detection and speed measurement 

technologies. As long as the difficulties mentioned above 

are addressed, we shall be closer to better traffic 

management solutions that make the roads significantly 

safer and optimize urban mobility. 
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