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Abstract: The number of people and vehicles on roads is increasing rapidly, making traffic management 

in cities more difficult. Traffic jams are becoming more common, leading to longer travel times. 

Increased traffic also causes higher fuel consumption and more environmental pollution. Many traffic 

systems still use fixed timers that do not adjust according to real-time conditions. This results in 

inefficiency, where vehicles wait at empty intersections while other roads remain crowded, causing 

frustration for commuters.Modern technologies like Artificial Intelligence (AI) and Computer Vision 

provide better solutions. These technologies can analyze live traffic using cameras and detect vehicles 

accurately. Algorithms such as YOLO are widely used because they are fast and efficient.This project 

aims to develop a smart traffic management system that adjusts signals based on real-time traffic density. 

It detects vehicles, estimates congestion, and optimizes signal timing. It can also prioritize emergency 

vehicles, improving traffic flow, reducing delays, and creating a more efficient and eco-friendly 

system.ent better and more efficient. The smart traffic management system is a solution for cities, with a 

lot of traffic. 

Index Terms - Computer Vision, Traffic Density Estimation, Intelligent Traffic Management, Deep 

Learning, Smart Cities 

I. INTRODUCTION 

People are on the road and cars are on the road. Managing traffic in cities is a challenge. Traffic jams 

make travel time for people longer. People waste fuel and the air gets polluted because of traffic jams. 

Traffic jams are a problem for people and traffic jams are bad, for the air.Many traffic systems still use 

fixed-time signals that don't change based on real-time traffic. 

In these systems cars often wait at intersections while other roads are very congested. This imbalance 

makes traffic flow worse. Is inconvenient for drivers.New developments in Artificial Intelligence and 

Computer Vision can look at traffic as it happens.Artificial Intelligence and Computer Vision can do this 

because they are getting better.Deep learning models are really good at finding cars in video 

footage.Artificial Intelligence and Computer Vision use these models to get the job done.The YOLO 

algorithm is well known because it is fast and it works well.Artificial Intelligence and Computer Vision 

rely on algorithms, like the YOLO algorithm to make things easier.The main goal of this project is to 

create a traffic system that understands road conditions from video and adjusts signal timings. Of just 
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counting cars the system measures traffic density.The proposed system combines vehicle detection, 

density estimation, congestion classification and signal optimization. It also prioritizes emergency 

vehicles to improve response times. 

Overall this system aims to provide a cost-effective solution for modern traffic management, in smart 

cities. 

 

II. 2. PROPOSED SYSTEM 

2.1 Overview of the Proposed System 

The proposed system provides a traffic management system based on computer vision and deep learning 

techniques. Unlike traditional systems, which use a fixed-time signal system, the proposed system uses a 

real-time analysis of the traffic situation using video inputs.The system uses video inputs of the traffic 

situation and provides a recommendation on the signal timings of the traffic signals. It identifies the 

objects on the road and estimates the density of the traffic situation. It further classifies the congestion 

level of the traffic situation.Based on the analysis of the traffic situation, the system provides a 

recommendation on the signal timings of the traffic signals and presents the result on the dashboard 

system. 

2.2 System Architecture 

The proposed system architecture of the system can be represented as shown in the figure below: 

1. Video Input 

2. Preprocessing 

3. Object Detection 

4. Density Estimation 

5. Congestion Classification 

6. Signal Optimization 

7. Dashboard Visualization 

All the modules of the system are sequentially connected. 

2.3 Video Input and Preprocessing 

The system uses video inputs in the form of CCTV images or videos of the traffic situation. 

a. Each video is divided into frames. 

b. Preprocessing of the video includes: 

c. Resizing the frames 

d. Noise reduction 

e. Normalization 

This ensures that the input data is appropriate. 
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2.4 Object Detection using YOLO 

New things are happening with Artificial Intelligence. The Artificial Intelligence is getting better at 

finding vehicles. This is done using something called YOLO, which stands for You Only Look Once. This 

is a deep learning algorithm. The YOLO algorithm looks at the picture at the same time, which makes it 

very good, at what it does. The Artificial Intelligence uses the YOLO algorithm to find vehicles in an 

efficient way. 

The object classes detected are: 

Cars, Buses, Trucks, Motorcycles, Pedestrians 

Each object is associated with a bounding box. 

Detection can be mathematically represented as: 

Detection = f(Frame) 

Where f is the function, i.e., the YOLO algorithm. 

 

2.5 Vehicle Counting and Traffic Density Estimation 

The total number of vehicles in the frame is then counted. 

Let: 

• N = Number of vehicles in the frame 

• Ar = Area of the region of the road in the frame 

Traffic density can then be obtained as: 

Density = N/Ar 

To make the density value easier to interpret, the occupancy ratio is obtained as: 

Occupancy = (Area of the region occupied by the vehicle)/(Total area of the region) * 100 

2.6 Congestion Classification 

Traffic conditions are classified into one of the following classes: 

• Low Traffic 

• Medium Traffic 

• High Traffic 

However, the range of these classes is made adaptive based on the occupancy ratio. 

Conditions: 

• Low: Occupancy < 30% 

• Medium: 30% ≤ Occupancy < 70% 

• High: Occupancy ≥ 70% 

This ensures a generalized representation of the traffic conditions. 
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2.7 Adaptive Signal Time Optimization 

One of the main contributions of the project is the optimization of the signal timings in an adaptive 

manner. 

The signal time is also computed based on the traffic density: 

Signal Time = Base Time + (k * Density) 

where: 

Base Time = Minimum time required for a signal 

k = Scaling factor 

For example: 

Low traffic = 30 seconds 

Medium traffic = 60 seconds 

High traffic = 90-120 seconds 

This ensures that there is no unnecessary time wasted while driving. 

2.8 Dashboard Visualization 

A real-time dashboard is also designed and developed using the Streamlit tool to display: 

• Vehicles detected 

• Traffic density 

• Congestion level 

• Signal time 

• Alert level (in case of congestion) 

2.9 Advantages of the Proposed System 

The advantages that the proposed system offers are: 

• System for real-time traffic analysis 

• System for adaptive signal control 

• System for reducing congestion and fuel consumption 

• System for smart cities 

• System for cost-effective implementation (as no expensive sensor is required) 

2.10 Novelty of the Proposed Work 

The novelty that this system offers is: 

• A system that combines object detection and adaptive signal control 

• A system that uses a density-based dynamic timing approach 

• A system that uses a dashboard and emergency prioritization 

• A simple and effective system that can be implemented in real-time scenarios 
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III. 3. EXPERIMENTAL SETUP 

I used Python to make the system because Python is a language that lots of people use to make machine 

learning and computer vision things. The part that finds objects was made using the YOLOv8 model from 

the Ultralytics tool. I also used OpenCV to make the computer vision part work and NumPy to do the 

math. The system uses Python. It is good for machine learning and computer vision. I chose the YOLOv8 

model and the Ultralytics tool, for the object detection module. The computer vision module uses 

OpenCV and the numerical computation uses NumPy.The proposed system was tested using recorded 

traffic videos. These videos represent actual traffic conditions.The hardware components used for the 

implementation of this system include an Intel i5 processor, 8 GB RAM, and an integrated GPU. The 

proposed system can work efficiently without using high-end hardware components. 

IV. 4. RESULTS 

The proposed intelligent traffic management system was tested using actual traffic video data to check its 

performance for vehicle detection, density estimation, congestion classification, and signal optimization. 

4.1 Vehicle Detection Performance 

The YOLOv8 model worked well in detecting types of objects, like cars, buses, trucks, motorcycles and 

pedestrians. 

 

Fig. 1: Vehicle Detection using YOLO Model 

It drew boxes around the objects it found. They looked accurate.The proposed approach was able to 

perform well even in moderately crowded scenes, where it was able to successfully detect all 

vehicles.However, some inaccuracies were observed in cases where vehicles were heavily occluded. 
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4.2 Integrated Traffic Analysis and Signal Optimization Results 

The proposed system was able to successfully perform an integrated traffic analysis in real-time by 

combining vehicle detection, density estimation, occupancy computation, congestion classification, and 

adaptive signal control within a single output frame. As can be seen in Fig. 2, the proposed model was 

able to successfully identify a total of 17 objects within the given frame and compute an occupancy value 

of 7.31%, reflecting an accurate traffic condition within the scene. Based on this calculated value, it was 

classified accordingly as medium density traffic. The classification was based on actual conditions within 

the video scene, thus implying that the proposed system was able to avoid false classification of traffic 

conditions even within a moderately crowded environment.Moreover, it was able to dynamically control 

signal timing based on actual traffic density conditions. In this case, a signal duration of 2 minutes was 

allocated for medium traffic conditions, thus implying its effectiveness in controlling traffic conditions. In 

addition, it was classified as “NORMAL,” thus implying that no congestion alert was required at this 

particular stage.These findings show that the proposed model can make decisions quickly based on the 

data it gets and put all the information together in one place. This really helps to make traffic better, in a 

city. 

 

 

Fig. 2:Integrated Output of Traffic Density, Occupancy, Congestion Classification, and Adaptive 

Signal Timing 
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4.3 Dashboard Visualization 

The new system can show us what is happening in time. It looks at things like how many vehicles are on 

the road how crowded it is and if there is a traffic jam. The system also checks the traffic light timings 

and any warnings that need to be sent out. It uses all these things like vehicle counts and density 

percentage and congestion levels and signal timings and alerts to give us a picture of what is going on. 

The system is really good at showing us this information, about vehicle counts and congestion levels and 

signal timings and alerts in time. 

 

 

Fig. 3: Real-Time Traffic Monitoring Dashboard 

The proposed system was able to enhance its usability based on real-time visualization, thus enabling 

authorities to effectively monitor traffic conditions and perform timely decisions. 

4.4 Graphical Analysis 

To further enhance its usability, traffic density was plotted over time. 
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Fig. 4: Traffic Density Variation Over Time 

This also proves the need to have an adaptive signal control system rather than using fixed timing 

systems. 

4.5 System Performance Evaluation 

The performance evaluation of the system is done on the basis of the following parameters. The 

observations are listed against each parameter. 

Parameter                                     Observation 

Detection Accuracy           High accuracy for vehicles that are visible 

Real-Time Processing        Near real-time 

Congestion Detection            High accuracy 

Signal Optimization              High accuracy 

System Cost                              Low 

From the observations, it is clear that the proposed system is performing well even on normal hardware 

configurations. 

4.6 Justification of Proposed System 

From the observations, it is very clear that the effectiveness of the proposed architecture is justified. This 

is because the proposed architecture is adaptable to the conditions of the traffic flow. This is one major 

advantage over the traditional systems. Also, the use of deep learning techniques is helpful in getting 

accurate results. 
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4.7 Limitations Observed 

From the observations, it is very clear that the limitations of the proposed architecture are as follows. 

These limitations are observed while performing the experiments. 

• Reduced accuracy in cases of high congestion 

• Not able to detect vehicles that are occluded 

• Performance is dependent on the quality of the video 

These limitations are to be addressed in the future using more accurate tracking techniques. 

4.8 Summary of Results 

From the observations, it is very clear that the proposed system is successfully demonstrating the 

effectiveness of the architecture. This is because the proposed architecture is successfully performing the 

following. 

• Vehicle detection 

• Reliable density 

• Accurate congestion classification 

• Practical signal time optimization 

V. 5. APPLICATIONS, DISCUSSION AND ABLATION STUDY 

5.1 Applications 

The intelligent traffic management system that is proposed can be effectively implemented and utilized in 

practical scenarios such as city intersections, highways, and smart traffic control centers. The system is 

especially useful for areas that experience high variability in traffic and where fixed-time signals are not 

sufficient to adapt to changing traffic scenarios. The system can be effectively used to help traffic 

authorities monitor and track the levels of congestion and optimize signal time to minimize delays and 

fuel consumption. The system can also be integrated into smart city infrastructure to help automate traffic 

and make intelligent decisions. The emergency vehicle prioritization feature also increases the system's 

applicability for emergency situations such as the movement of ambulances and fire service vehicles. 

5.2 Discussion 

The results obtained through the system prove that the system is effective and that the use of object 

detection and occupancy-based density estimation is a much more realistic approach to understanding 

traffic compared to traditional methods such as vehicle counting. The system was able to effectively 

classify and determine the levels of traffic as low, medium, and high, and then optimize the signal time 

accordingly. This proves that adaptive signal control is an efficient means to improve the efficiency of 

traffic flow and reduce unnecessary waiting times at intersections. The integration of all the results into a 

single frame also increases the usability and practicality of the system, making it highly applicable for 

real-time monitoring scenarios. The system also experiences a few minor limitations, such as the low 

level of accuracy experienced with highly congested scenarios, which need to be improved for better 

results. 

5.3 Ablation Study 

In order to check the contribution of each component, various components of the system have been 

evaluated individually. If object detection was considered separately, then the system would only be 

relying on vehicle count, which would result in less accurate classification. If, in the case of signal 

optimization, adaptive signal timing was not considered, then the system would be considered a 
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traditional model, which would result in less accurate results. If congestion classification was not 

considered, then the accuracy of the system would be reduced. All this proves that object detection, 

density estimation, classification, and optimization play a significant role in the performance of the 

system. The integration of all components results in a more efficient and intelligent system. 

VI. 6. CONCLUSION 

In this work we present a traffic management system that uses computer vision and deep learning.This 

system analyzes traffic conditions in time and adjusts traffic signal timings to improve traffic flow.It 

combines vehicle detection, traffic density estimation and congestion classification into one system.This 

approach provides an accurate understanding of road conditions.The system uses a method that measures 

how occupied the road is, which makes it more reliable than methods that count vehicles.It also has 

traffic signal control and a monitoring dashboard making it practical for real-world use.The system can 

prioritize emergency vehicles, which improves safety and response efficiency.Although the system works 

under normal conditions its accuracy can be improved in very congested or blocked scenarios.Future 

improvements could include tracking techniques and integration with infrastructure based on the Internet 

of Things for better scalability.The proposed system is a yet effective solution for smart and adaptive 

traffic management.It uses computer vision and deep learning to manage traffic flow.The system provides 

an accurate understanding of road conditions by combining vehicle detection, traffic density estimation 

and congestion classification.The use of occupancy-based density measurement makes the system more 

reliable.The system demonstrates a yet effective solution, for intelligent and adaptive traffic management. 
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