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Abstract—This paper presents a web-based 

application that utilizes machine learning and 

deep learning techniques for real-time traffic 

surveillance and detection with improved 

accuracy and efficiency. The proposed system 

aims to address limitations in existing traffic 

management practices in India by integrating 

computer vision-based solutions. It incorporates 

four key modules, including helmet detection, 

license plate recognition, vehicle classification, 

and speed estimation, all accessible through an 
interactive web interface with multiple detection 

options. Advanced object detection models, such 

as YOLOv5 and YOLOv7, are employed to 

ensure reliable performance across diverse 

traffic conditions. The system is evaluated on a 

large-scale dataset, demonstrating its ability to 

deliver accurate and consistent results in real-

time scenarios. By combining multiple detection 

capabilities into a single platform, the solution 

supports better traffic monitoring and 

enforcement. Overall, this work highlights how 

deep learning can contribute to building smarter 

and more effective traffic management systems 

in India. 
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I. INTRODUCTION 

 

Monitoring vehicles in real time across highways, 

urban roads, and streets plays a key role in 

improving traffic control and infrastructure 

planning. With the rapid progress in computer 

vision and deep learning, this area has gained fresh 

attention, especially because modern detection 

models such as those proposed by Redmon et al. 

[1] and Girshick et al. [10] have shown strong 

performance in object recognition tasks. These 

advancements make it possible to automatically 

detect, track, and analyze vehicles with high 

accuracy, even in complex traffic scenarios. In this 

work, a system is developed that uses deep learning 

techniques for vehicle detection, tracking, and 

classification through a fixed and calibrated 

camera. To make the system more reliable, a 

custom dataset was created using real-world traffic 

images captured under challenging conditions like 

low light and bad weather. The overall design 
includes detection and tracking modules, similar to 

approaches discussed in Fast R-CNN by Girshick 

[11]. 

 

The number of vehicles on roads around the world 

is growing rapidly, which is creating serious 

challenges for traffic management systems. Every 

year, millions of vehicles are added, increasing 

congestion and putting pressure on existing 

infrastructure. Traditional traffic monitoring 

methods are no longer capable of handling such 

large volumes of data or providing meaningful 

insights for decision-making. As highlighted in 

scalable detection approaches by Erhan et al. [6], 

there is a need for smarter systems that can process 

data efficiently in real time. With increasing 

urbanization and mobility demands, managing 
traffic has become a major concern for 

governments. Recent developments in robotics and 

intelligent systems, as discussed by Dixit et al. 

[14], suggest that advanced AI-based solutions can 

help address these challenges by enabling better 

planning and control of traffic flow. 

 

Intelligent Transportation Systems (ITS) are 

designed to improve the efficiency and safety of 

transportation networks by using modern 

technologies for monitoring and analysis. These 

systems rely on various sensors, including cameras, 

radars, and detection devices, to collect information 

about traffic conditions. Among these, cameras are 

widely used because they are easy to install and 

provide rich visual data. According to Everingham 
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et al. [7], large-scale visual datasets and detection 

challenges have significantly contributed to 

improving object detection accuracy. Compared to 

traditional sensors like inductive loops, camera-

based systems offer more detailed information such 

as vehicle position and movement. Earlier 

approaches to object detection, such as region-

based segmentation methods discussed by Gould et 

al. [12], laid the foundation for today’s advanced 

systems. With continuous improvements, camera-

based ITS solutions have become more practical 

and cost-effective. 
 

Earlier, video-based traffic monitoring systems 

were mostly limited to basic observation or simple 

automation tasks. However, recent progress in deep 

learning and image processing has greatly 

enhanced their capabilities. Techniques like 

Histogram of Oriented Gradients introduced by 

Dalal and Triggs [3] and modern CNN-based 

detection methods such as those proposed by 

Gidaris and Komodakis [9] have improved the 

accuracy of detection and classification. Today, 

computer vision systems can identify and track 

vehicles even in difficult conditions like poor 

visibility or heavy traffic. These improvements 

have made it possible to develop smarter traffic 

management systems that can support applications 

such as incident detection and law enforcement. By 
combining detection with tracking algorithms, the 

system can follow vehicle movement effectively 

and generate useful insights, making it suitable for 

real-time traffic monitoring in complex 

environments. 

 

Along with detection and classification, tracking 

vehicles accurately across consecutive frames is an 

essential part of any real-time traffic monitoring 

system. Tracking helps in understanding vehicle 

movement patterns, estimating speed, and avoiding 

duplicate detections. Traditional tracking methods 

often rely on motion and spatial features, but their 

performance can degrade in crowded or complex 

scenes. To overcome these limitations, this study 

combines detection-based approaches with efficient 

tracking techniques to maintain continuity of 
vehicle identities. Earlier works such as part-based 

object detection by Felzenszwalb et al. [8] and 

structured learning methods by Blaschko and 

Lampert [2] have contributed to improving object 

localization and tracking performance. By 

integrating these concepts with modern deep 

learning-based detection models, the proposed 

system achieves stable and reliable tracking results. 

This combined approach enhances the overall 

system performance, making it more suitable for 

real-world traffic surveillance applications. 

 

 

II. LITERATURE SURVEY 

 

Redmon et al., 2015 [1] introduced the YOLO 

(You Only Look Once) model, which changed the 

way object detection tasks are performed. Instead 

of using multiple stages like region proposal and 

classification, YOLO treats detection as a single 

regression problem. This allows the model to 

process an entire image in one pass, making it 

extremely fast compared to earlier methods. The 

model divides the image into a grid and predicts 
bounding boxes along with class probabilities for 

each region. This approach significantly improves 

real-time performance while maintaining good 

accuracy. YOLO is especially useful in 

applications like traffic monitoring, where speed is 

critical. Although early versions had some 

limitations in detecting small objects, the overall 

contribution of this work laid the foundation for 

many improved versions such as YOLOv5 and 

YOLOv7 used today. 

 

Dalal and Triggs, 2005 [3] proposed the Histogram 

of Oriented Gradients (HOG) feature descriptor, 

which became one of the most influential methods 

in early object detection tasks. The main idea 

behind HOG is to capture edge and gradient 

structures in an image, which are essential for 
identifying shapes and objects. By dividing an 

image into small regions and calculating gradient 

orientations, the method creates a feature 

representation that is robust to lighting changes and 

small variations. This technique was widely used 

for human detection and later adapted for vehicle 

detection tasks. Although modern deep learning 

models have largely replaced traditional feature-

based methods, HOG remains important for 

understanding the evolution of computer vision. It 

also serves as a baseline for comparing newer 

approaches and highlights how feature engineering 

played a key role before the rise of deep learning. 

 

Girshick et al., 2014 [10] introduced the R-CNN 

(Region-Based Convolutional Neural Network) 

approach, which marked a major shift towards deep 
learning-based object detection. The method first 

generates region proposals using selective search 

and then applies a convolutional neural network to 

extract features from each region. These features 

are then used for classification and bounding box 

prediction. R-CNN significantly improved 

detection accuracy compared to traditional 

methods, but it was computationally expensive due 

to repeated processing of each region. Despite this 

limitation, the work demonstrated the effectiveness 

of combining region proposals with deep neural 

networks. It also inspired several improved 
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versions such as Fast R-CNN and Faster R-CNN. 

This research played a key role in advancing object 

detection techniques and influenced many modern 

systems used in traffic surveillance and related 

applications. 

 

Erhan et al., 2014 [6] explored scalable object 

detection using deep neural networks, focusing on 

improving detection performance across large 

datasets. Their work emphasized the importance of 

training deep models that can generalize well to 

different object categories and complex 
environments. The study introduced methods to 

handle large-scale data efficiently while 

maintaining high detection accuracy. By leveraging 

deep learning, the authors showed that it is possible 

to outperform traditional approaches in both speed 

and precision. This research contributed to the 

development of more advanced detection systems 

that can be applied in real-world scenarios such as 

traffic monitoring. The ideas presented in this work 

helped pave the way for modern object detection 

frameworks, where scalability and real-time 

performance are critical factors. 

 

Felzenszwalb et al., 2010 [8] developed the 

Deformable Part-Based Model (DPM), which 

became a widely used method for object detection 

before deep learning gained popularity. The model 
represents objects as a collection of parts arranged 

in a flexible structure, allowing it to handle 

variations in shape and appearance. Each part is 

detected separately, and their spatial relationships 

are used to determine the final object detection. 

This approach was particularly effective for 

detecting objects with complex structures, such as 

vehicles and humans. DPM achieved strong 

performance on benchmark datasets and was 

considered a state-of-the-art method at the time. 

Although deep learning methods have now 

surpassed it, the concept of modeling object parts 

and their relationships still influences modern 

detection techniques. This work remains an 

important milestone in the evolution of object 

detection. 

 
 

III. DATASET DETAILS 

 

The dataset used in this project is created manually 

by collecting real-time traffic videos and images 

from different road environments such as 

highways, urban streets, and intersections. Instead 

of relying on any pre-existing public dataset, the 

data is gathered specifically to match the project 

requirements. The collected data includes various 

vehicle types such as cars, motorcycles, and other 

road users, along with scenarios for helmet 

detection and speed estimation. The videos are 

captured under different conditions, including 

varying lighting, traffic density, and weather 

situations, to make the system more practical and 

reliable. Each frame extracted from the videos is 

carefully annotated with bounding boxes and class 

labels to identify different objects present in the 

scene. This custom dataset helps the model learn 

real-world traffic patterns and improves its 

performance in live surveillance applications. 

 

To prepare the collected data for training, several 
preprocessing steps are applied to ensure 

consistency and quality. The video data is first 

converted into image frames, which are then 

resized to a standard resolution suitable for deep 

learning models. All objects in the images are 

labeled manually, including vehicles, helmets, and 

other relevant classes, using annotation tools. Data 

augmentation techniques such as flipping, rotation, 

and brightness adjustment are used to increase the 

diversity of the dataset and make the model more 

robust to different conditions. The dataset is then 

split into training and testing sets, allowing the 

system to be evaluated on unseen data. 

Normalization is also applied to the image data to 

improve training efficiency. These steps ensure that 

the dataset is well-structured and suitable for 

building an accurate and reliable traffic 
surveillance system. 

 

IV. PROPOSED METHODOLOGY 

 

The proposed system follows a step-by-step 

approach to perform real-time traffic surveillance 

and detection using deep learning techniques. 

Initially, the system is developed as a web-based 

application where users can interact through a 

simple interface. The process begins with user 

registration and login, allowing secure access to the 

system features. Once logged in, the system 

provides options to train the detection model and 

perform traffic analysis. The dataset used for 

training is manually collected from real-world 

traffic videos and images, which are then 

preprocessed by extracting frames, resizing images, 
and annotating objects such as vehicles and 

helmets. This prepared data is used to train the 

YOLOv7 model, which is capable of detecting 

multiple objects in real time. The trained model is 

evaluated using performance metrics such as 

accuracy, precision, recall, and F1-score to ensure 

reliable detection. 

 

After successful training, the system allows users to 

upload traffic videos for analysis. The uploaded 

video is processed frame by frame, where the 

trained YOLO model detects different vehicle types 
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such as cars and motorcycles, along with helmet 

usage. In addition to detection, the system also 

estimates vehicle speed and counts the total number 

of vehicles present in each frame. The results are 

displayed visually with bounding boxes and labels, 

making it easy to understand the output. The 

system is designed to handle different traffic 

conditions and provide real-time results efficiently. 

This approach helps in improving traffic 

monitoring, supporting law enforcement, and 

enabling better traffic management decisions. 

 

Figure 1: Workflow of Real-Time Traffic 

Detection and Analysis System 

Figure [1] shows the workflow of the proposed 

real-time traffic surveillance system. Traffic video 

data is first collected and preprocessed through 

frame extraction, annotation, and resizing. The 
processed data is used to train the YOLOv7 model, 

which is evaluated using metrics like accuracy, 

precision, recall, and F1-score. After training, users 

upload traffic videos through the web application, 

where the system performs real-time detection of 

vehicles, helmets, and speed. Finally, the results are 

displayed with bounding boxes and object labels. 

 

 

   V. RESULT AND DISCUSSION 

 

The experimental results of the proposed system 

show that deep learning techniques are highly 

effective for real-time traffic surveillance and 

detection. After preparing the dataset and training 

the YOLOv7 model, the system was evaluated 

using standard performance metrics such as 
accuracy, precision, recall, and F1-score. The 

model achieved an accuracy of around 95%, 

indicating its strong ability to correctly detect and 

classify different traffic objects. The precision and 

recall values were also high, which shows that the 

system can accurately identify vehicles and helmets 

while minimizing false detections. During testing, 

the system was able to process traffic videos 

smoothly and detect multiple objects in real time, 

even under varying lighting and traffic conditions. 

The output results clearly displayed bounding 

boxes, object labels, and vehicle counts, making the 

system easy to interpret. Speed estimation was also 

performed effectively, adding more value to traffic 

analysis. Overall, the results demonstrate that the 

proposed system is reliable, efficient, and suitable 

for real-world traffic monitoring applications. 
 

 
 

Figure 2: YOLOv7 Training and Performance 

Evaluation 

Figure [2] shows the model training and evaluation 

page of the system. It displays the performance of 
the YOLOv7 algorithm using metrics such as 

accuracy, precision, recall, and F1-score. This 

interface helps in analyzing the effectiveness of the 

trained model. 

 

 

 

 
 

Figure 4: Traffic Video Upload Interface 

 

Figure [7] shows the output of the system after 

processing the uploaded traffic video. It displays 

detected vehicles with bounding boxes, labels, and 

speed information. The system also identifies 

helmet usage and shows the total number of 

detected vehicles in real time. 

 

DISCUSSION 

 

The findings of this project highlight the 

effectiveness of deep learning models in solving 
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real-time traffic monitoring challenges. The 

YOLOv7 model performed well due to its ability to 

detect multiple objects simultaneously with high 

speed and accuracy, making it suitable for real-time 

applications. Its capability to handle complex 

traffic scenes, including multiple vehicles and 

varying conditions, contributed to better 

performance. The preprocessing steps, such as 

frame extraction, annotation, and data 

augmentation, played an important role in 

improving detection accuracy and model 

robustness. The use of evaluation metrics like 
accuracy, precision, recall, and F1-score helped in 

clearly understanding the model’s performance. 

Additionally, integrating the model with a web-

based application made the system more user-

friendly and practical for real-world use. The 

system also demonstrated the ability to detect 

helmets, estimate speed, and count vehicles 

effectively. Overall, the project shows that deep 

learning-based approaches can provide reliable and 

efficient solutions for modern traffic surveillance 

and management systems. 

 

 

          VI. CONCLUSION 

 

This project successfully demonstrates the 

application of deep learning and computer vision 
techniques for real-time traffic surveillance and 

detection. By collecting and preparing a custom 

dataset with proper preprocessing steps such as 

frame extraction, annotation, and augmentation, the 

system was effectively trained using the YOLOv7 

model. The model achieved high accuracy along 

with strong precision, recall, and F1-score, 

indicating reliable detection and classification of 

vehicles and helmets. The system is capable of 

processing traffic videos in real time, performing 

tasks such as vehicle detection, speed estimation, 

and vehicle counting. The integration of the model 

into a web-based application makes it easy to use 

and practical for real-world deployment. The 

results show that the system can efficiently handle 

complex traffic scenarios and provide meaningful 

insights. Overall, this project highlights the 
potential of deep learning in improving traffic 

monitoring systems and provides a strong 

foundation for future enhancements and smart city 

applications. 
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