
I J A R S C T    

    

 

               International Journal of Advanced Research in Science, Communication and Technology  

                               International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal 

Volume 5, Issue 3, June 2025 

 Copyright to IJARSCT         DOI: 10.48175/568   188 

    www.ijarsct.co.in  

 
 

ISSN: 2581-9429 Impact Factor: 7.67 

 

Density-Based Traffic Control Using Machine 

Learning 
Shubham Shivaji Shidore, Amol Gorakhnath Shejul, Rike Yash Deepak 

Department of Computer Science and Design Engineering 

Dr. Vithalrao Vikhe Patil College of Engineering 

 

Abstract: The project is designed to develop a density-based dynamic traffic signal system. The signal 

timing changes automatically on sensing the traffic density at the junction. Traffic congestion is a severe 

problem in many major cities across the world and it has become a nightmare for the commuters in these 

cities. Conventional traffic light system is based on a fixed time concept allotted to each side of the 

junction which cannot be varied as per varying traffic density. Junction timings allotted are fixed. 

Sometimes higher traffic density at one side of the junction demands longer green time as compared to 

standard allotted time. The object detection in the traffic signal is processed and converted into a 

simulator then its threshold is calculated based on which the contour has been drawn in order to 

calculate the number of vehicles present in the area. After calculating the number of vehicles, we will 

come to know on which side the density is high based on which signals will be allotted for a particular 

side.. 
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I. INTRODUCTION 

The rapid growth of urban populations and the increasing number of vehicles on roads have led to critical traffic 

congestion issues, particularly in metropolitan cities. Traditional traffic management systems, which typically operate 

on pre-programmed fixed signal timings, lack the flexibility to respond to real-time traffic variations. As a result, these 

static systems contribute to inefficient vehicle flow, longer waiting periods at intersections, excessive fuel consumption, 

and elevated levels of air pollution. The inability to adapt to dynamic traffic conditions also impacts emergency vehicle 

movement, further exacerbating the issue. 

To tackle these challenges, this project proposes the development of a machine learning-based density-driven traffic 

management system. By utilizing advanced techniques such as computer vision and neural networks, the system can 

analyze real-time traffic data to determine vehicle density and dynamically adjust traffic signal durations. For instance, 

computer vision algorithms can detect and count vehicles at junctions, allowing the system to prioritize congested lanes. 

Over time, the system can learn from historical traffic patterns, thereby improving its decision-making and optimizing 

signal control strategies. 

The motivation behind this work lies in the urgent need for smarter urban infrastructure that can reduce congestion and 

improve transportation efficiency. An adaptive system can help minimize the time vehicles spend idling at signals, 

prevent the build-up of traffic, and even suggest alternate routes to avoid delays. This contributes not only to smoother 

travel but also to reduced carbon emissions and improved public safety. 

Hence, the core problem addressed in this project is the inefficiency of traditional traffic control mechanisms in 

managing real-time congestion. The proposed intelligent traffic management system aims to offer a robust, scalable, 

and environmentally conscious solution that ensures smoother, faster, and more reliable urban transportation. 

 

II. LITERATURE SURVEY 

The first study introduces a deep reinforcement learning model for adaptive traffic light control using real-time data 

from vehicular networks. By dividing intersections into smaller grids, traffic conditions are translated into states, while 

light timing adjustments act as actions in a Markov decision process. A convolutional neural network is used to 
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optimize rewards, which is defined by reduced vehicle waiting times. The model includes enhancements like dueling 

networks, double Q-learning, and prioritized experience replay, and its performance was validated through SUMO 

simulations. 

The second research focuses on improving traffic scene perception in poor weather conditions using supervised 

learning. Various visual features are extracted from multi-scene images and organized into an eight-dimensional feature 

matrix. These features are used to train several classifiers, showing high accuracy in recognizing weather types and 

improving machine vision, especially in foggy or low-light environments. 

 

The conclusion from the Literature Review : 

 The reviewed literature highlights multiple AI-based approaches to enhance intelligent transportation systems. Deep 

reinforcement learning has proven effective in dynamic traffic light control, leading to reduced congestion and 

improved traffic flow. Supervised learning methods support better scene perception and weather condition recognition, 

boosting driving safety under challenging conditions. Additionally, road extraction and image classification techniques 

aid autonomous vehicle navigation. Real-time visual SLAM further enables accurate 3D localization. Collectively, 

these studies contribute toward building safer, smarter, and more efficient transportation systems.Challenges in deep 

Fake detection 

Several research studies have proven that it is difficult to detect deepfakes. The article "Hybrid Deep Learning Model 

Based on GAN and RESNET for Detecting Fake Faces" tackles topics such as generalisation to veiled deepfakes and 

adversarial robustness. The essay "Deepfake Generation and Detection: A Case Study and Challenges" (repeated) 

investigates how rapid advances in deepfake algorithms have rendered detection techniques useless. "Deepfake Video 

Detection Based on Spatial, Spectral, and Temporal Inconsistencies Using Multimodal Deep Learning" was created to 

detect deviations caused by changes in illumination, resolution, and compression artefacts. The main concerns include 

adversarial attacks, real-time detection efficacy, dataset bias, and responding to new deepfake approaches. 

 

III. SYSTEM REQUIREMENT & SPECIFICATION 

The system is designed with two key functional requirements. Firstly, it focuses on managing traffic signals effectively 

through intelligent signal control. Secondly, it enables automatic signal adjustment based on real-time vehicle count, 

helping reduce congestion and enhance traffic flow. The user interface follows a simple and standard Windows layout, 

ensuring ease of use without the need for additional interface elements. The hardware is equipped to accept input 

through both a touch screen and keypad, supports continuous power supply, and network connectivity, and ensures user 

identity validation. The system functions primarily offline, with the internet needed only for downloading, updating, or 

accessing specific resources. Communication within the app uses HTTP protocols managed via PHP web services for 

reliable online interactions. 

The non-functional requirements highlight system performance, reliability, and security. It performs efficiently with at 

least 4GB RAM and remains functional during high- load scenarios. Data safety is ensured through restricted access for 

administrators and automated daily backups. Users must register and perform secure login/logout operations to prevent 

unauthorized access. Developed in Python using modular design, the system ensures errors can be located and fixed 

easily. The application ensures: 

• Availability: Operates 24/7 without interruption. 

• Usability: Simple navigation, designed with end-user ease in mind. 

• Consistency: Uniform screen design, color schemes, and menu layouts. 

• Performance: Fast output, low latency, and efficient database response. 

• Extendibility & Reusability: Easily upgradable with support for repeated file usage. 

• Security & Reliability: Encrypted data transfers, safe from malicious attacks. 

In terms of system requirements, the application includes real-time road monitoring through CCTV surveillance. The 

software stack consists of Python as the core language, MySQL for database management, and PyCharm as the 

preferred IDE. The system supports Windows 7 and above. For optimal performance, it requires: 

• Processor: Intel i5 or higher 
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• RAM: Minimum 8GB 

• Storage: At least 500GB hard disk 

• Additional Support: Continuous power, internet for updates, and secure authentication 

Additionally, the system’s architecture is future-ready, offering scalability and flexibility to meet evolving needs. It 

ensures seamless integration with other systems or applications and maintains high-speed performance even during 

peak usage. By incorporating features like secure user authentication, real-time updates, and offline accessibility, it 

delivers a robust, secure, and user-friendly experience tailored to modern traffic management systems. This makes it 

suitable for both government traffic authorities and smart city infrastructure initiatives. 

  

III. (A) SYSTEM ARCHITECTURE 

 
Fig. SYSTEM ARCHITECTURE 

This system is designed for intelligent traffic control using video input and deep learning techniques. It begins with a 

video input, which captures live traffic footage. The video is then processed through multiple stages: 

1. Preprocessing: The system first cleans the training dataset by removing null or missing values to ensure data quality. 

2. Feature Extraction: Only relevant parts of the frame, specifically traffic-related areas, are extracted for further 

analysis. 

3. Segmentation: Vehicles within the traffic zone are identified and counted. 

4. Classification: A Convolutional Neural Network (CNN) is employed for recognizing and classifying vehicles. The 

model is trained with 80% of the dataset and tested with the remaining 20%. 

5. Output: Based on the classification results, the system detects traffic density and counts vehicles. 

6. Signal Control: Depending on the analysis, the system manages traffic signals accordingly. 

7. Result Display: Finally, the processed outcome is shown to the user. 

This automated framework helps manage traffic more efficiently by adapting signals based on real-time data. 

 

IV. ALGORITHM 

Convolutional neural networks are a type of deep learning algorithm that is specifically intended to analyse and 

interpret visual data. These networks are often referred to as "CNN" networks. CNNs are widely utilised in a number of 

computer vision applications, including image classification, object recognition, and segmentation. Convolutional 

Neural Networks, often known as CNN or ConvNet, can detect and categorise images. This is how supervised learning 

is used with unexpected feedforward neural circuits. Convolutional Neural Networks can quickly establish the 

relationship between unprocessed pixel input and class labels via end-to-end learning. 

This model was trained using a vast amount of data. This approach has the potential to increase the accuracy of 

traditional clinical picture classification. 
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Fig. CNN Architecture 

Each pixel contains eight bits (a byte). The network does not learn colours. Because computers can only understand 1s 

and 0s, colour values are transferred across the network in binary. A feature detector, a feature map, and an input image 

constitute the Convolution Operation's three components. Feature maps are used to minimise the size of the input 

images. 

  

Convolutional Neural Networks have following layers: 

 Convolution: Convolution uses filters (kernels) to extract important aspects from an input image, such as 

edges, textures, and patterns. 

 ReLU Layer : This activation function brings nonlinearity into the model by turning all negative values to zero 

while maintaining positive values constant. 

 Pooling: Pooling, also known as maximum pooling, reduces the spatial dimensions of feature maps while 

retaining important data. 

 Fully Connected: The final layer flattens the collected features before categorising the image as melanoma, 

benign, or other skin disorders. 

 

V. OTHER SPECIFICATION 

The proposed system provides numerous advantages that contribute to both environmental and operational efficiency. 

One of the key benefits is the reduction in vehicle emissions due to minimized idling time and smoother traffic 

movement. This helps in lowering air pollution and fuel consumption, resulting in a smaller carbon footprint. 

Additionally, optimized signal timing and route suggestions help in reducing overall travel time and fuel usage, leading 

to decreased vehicle operating costs. The use of smart technologies further enhances road safety and efficiency by 

offering real-time monitoring and control over traffic conditions. 

Advantages include: 

 Environmental Benefits: Lower emissions and reduced fuel wastage. 

 Reduced Travel Time: Efficient traffic flow reduces delays. 

 Smart Monitoring: Real-time signal control improves traffic management. 

 Cost Savings: Less fuel consumption leads to 

 Improved Commuting Experience: Fewer bottlenecks and smoother driving. 

Despite the system's many benefits, there are also a few limitations that need to be addressed for optimal performance. 

One of the major concerns is the dependency on high-quality and readily available data. Implementing such smart 

systems requires significant resources and infrastructure, making them complex and costly. There are also challenges 

related to maintaining real-time accuracy, adapting the system to sudden changes, and ensuring user privacy and 

security. 

Limitations include: 

 Data quality and availability issues 

 High complexity and setup cost 

 Real-time processing constraints 

 Privacy and security concerns 
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The applications of the system are wide-ranging an

be used for accurate traffic flow prediction using data from sensors, GPS, and historical records. Authorities can 

identify congestion hotspots in real time and deploy adaptive control st

congestion charges. The system also allows lane management based on real

onto highways, minimizing the chances of bottlenecks and improving traffic flow.

 

Key Applications: 

Traffic Flow Prediction: Forecast movement and density using AI/ML.

Congestion Detection: Identify and control traffic hotspots in real

Dynamic Lane Management: Open/close lanes based on road conditions.

Ramp Metering: Control highway entry to prevent congestion

What is P? 

• P is a set of all decision problems which can be solved in polynomial time by a deterministic.

• Since it can be solved in polynomial time, it can be verified in p

• Therefore, P is a subset of NP. 

P: We are motivated by the drawbacks of the existing system.

The existing techniques on is only detect the traffic but the proposed system releases the signal as per the vehicle 

detection lower expenses. 

  

What is NP-Hard? 

Traffic congestion is a severe problem in many major cities across the world and has become a nightmare for 

commuters. The conventional traffic light system is based on a fixed

which cannot be varied according to the changing traf

inefficiencies. 

Sometimes, higher traffic density on one side of the junction demands a longer green signal compared to the standard 

allotted time. To solve this, object detection at the traffic signal is used. The data from object detection is processed and

converted into a simulator, and its threshold is calculated. Based on this threshold, contours are drawn to calculate the 

number of vehicles present in a given area.

After calculating the number of vehicles, the side with the highest density is identified, and the sign

dynamically adjusted to give priority to that side. This approach optimizes traffic flow using real

demonstrating a practical application of solving an NP
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ranging and useful for modern cities and smart transportation planning. It can 

be used for accurate traffic flow prediction using data from sensors, GPS, and historical records. Authorities can 

identify congestion hotspots in real time and deploy adaptive control strategies like dynamic traffic signals or 

congestion charges. The system also allows lane management based on real-time data and can regulate vehicle entry

onto highways, minimizing the chances of bottlenecks and improving traffic flow. 

Traffic Flow Prediction: Forecast movement and density using AI/ML. 

Congestion Detection: Identify and control traffic hotspots in real-time. 

Dynamic Lane Management: Open/close lanes based on road conditions. 

Ramp Metering: Control highway entry to prevent congestion 

 

VI ANNEXURE 

• P is a set of all decision problems which can be solved in polynomial time by a deterministic. 

• Since it can be solved in polynomial time, it can be verified in polynomial time. 

P: We are motivated by the drawbacks of the existing system. 

detect the traffic but the proposed system releases the signal as per the vehicle 

 
Fig.: P 

vere problem in many major cities across the world and has become a nightmare for 

commuters. The conventional traffic light system is based on a fixed-time concept allotted to each side of the junction, 

which cannot be varied according to the changing traffic density. The timing for each junction is fixed, which leads to 

Sometimes, higher traffic density on one side of the junction demands a longer green signal compared to the standard 

allotted time. To solve this, object detection at the traffic signal is used. The data from object detection is processed and

o a simulator, and its threshold is calculated. Based on this threshold, contours are drawn to calculate the 

number of vehicles present in a given area. 

After calculating the number of vehicles, the side with the highest density is identified, and the sign

dynamically adjusted to give priority to that side. This approach optimizes traffic flow using real

demonstrating a practical application of solving an NP-Hard problem in urban traffic management. 
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Sometimes, higher traffic density on one side of the junction demands a longer green signal compared to the standard 

allotted time. To solve this, object detection at the traffic signal is used. The data from object detection is processed and 

o a simulator, and its threshold is calculated. Based on this threshold, contours are drawn to calculate the 

After calculating the number of vehicles, the side with the highest density is identified, and the signal timings are 

dynamically adjusted to give priority to that side. This approach optimizes traffic flow using real-time data, 
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Fig.: NP-Hard 

 

What is NP-Complete? 

Since this amazing "N" computer can do anything a normal computer can, we know that P problems are also in NP. 

So, easy problems are in P and NP, but the really hard ones are only in NP, and these are called NP-Complete. 

It’s like saying: 

There are things that People can do (P), 

There are things that Super People can do (SP), 

And there are things only Super People can do (SP-Complete). Real-World NP-Complete Problem: Traffic Congestion 

Traffic congestion is a severe problem in many major cities across the world, turning commuting into a daily nightmare. 

The conventional traffic light systems operate on a fixed-time concept at junctions, where: 

Time slots are pre-assigned to each road direction. 

These timings do not adapt to real-time traffic density, leading to inefficiencies. 

Heavier traffic flow on one side may require more green time than what is allotted. 

Pattern-Growth in Uncertain Environments 

To tackle this issue, two alternative algorithms are designed based on the ideas of pattern-growth in uncertain 

environments. These algorithms aim to: 

Discover all STP (Sequential Traffic Patterns) candidates. Provide support values for each user, balancing between 

accuracy and efficiency. 

Traffic Density Detection using Object Detection 

The proposed system uses object detection techniques to dynamically allocate signal timings: 

Traffic Signal Detection Process: 

Convert input traffic video to a simulator. Perform object detection on the video feed. 

Calculate threshold values based on detected objects. Contour Detection: 

Draw contours around detected vehicles. Count the number of vehicles in each direction. Dynamic Signal Timing: 

Identify the side with the highest traffic density. 

Allocate green signal time dynamically based on the density. 

This system provides a smart and adaptive solution for traffic management, representing how real-world problems like 

traffic congestion can be modeled as NP-Complete problems, due to their complexity and need for optimization in 

uncertain environments. 

 
Fig.: NP-Complete 
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We can integrate our system with an application for analyzing the official traffic signal, so as to capture traffic 

condition notifications in real-time. Thus, our system will be

same time as the result display by the console on the websites. Further, we are investigating in feature scope the 

integration of our system into a more complex traffic detection infrastructur

advanced physical sensors and social sensors such as streams of social media. In particular, social sensors may provide 

a low-cost wide coverage of the road network, especially in those areas (e.g., urban and suburba

traffic sensors are missing 
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VII CONCLUSION 

We can integrate our system with an application for analyzing the official traffic signal, so as to capture traffic 

time. Thus, our system will be able to signal traffic-related events in the worst case at the 

same time as the result display by the console on the websites. Further, we are investigating in feature scope the 

integration of our system into a more complex traffic detection infrastructure. This infrastructure may include both 

advanced physical sensors and social sensors such as streams of social media. In particular, social sensors may provide 

cost wide coverage of the road network, especially in those areas (e.g., urban and suburba

VIII. OUTPUT 
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We can integrate our system with an application for analyzing the official traffic signal, so as to capture traffic 

related events in the worst case at the 
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