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ABSTRACT

Traffic congestion is a critical issue in urban areas, particularly in rapidly developing cities like Pune, where traditional traffic management systems struggle to
keep pace with the growing population and increasing vehicle density. This paper presents a novel Automated Traffic Signal Detection and Response System
(ATS-DRS) designed to address these challenges by leveraging advanced technologies such as computer vision, machine learning, and real-time data analytics.

The proposed system integrates data collected from traffic cameras and sensors with predictive algorithms to dynamically adjust traffic signal timings. By
analyzing real-time traffic conditions and forecasting congestion patterns, the ATS-DRS optimizes traffic flow, reduces delays, and enhances road safety [1][2].
Key features include adaptive signal control, prioritization of emergency vehicles, and the ability to mitigate the environmental impact of prolonged congestion
through reduced emissions [3][4].

This study demonstrates the potential of ATS-DRS to transform urban traffic management by providing an efficient, scalable, and sustainable solution to Pune's
traffic challenges. The findings highlight the system's ability to significantly reduce travel times, improve safety, and contribute to the development of smarter
and more sustainable urban environments.
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Introduction

Traffic congestion is a significant challenge in urban areas, especially in rapidly growing cities like Pune, where the rising number of vehicles places
immense pressure on existing infrastructure. Prolonged traffic jams not only lead to longer travel times but also contribute to increased air and noise
pollution, reduced productivity, and elevated accident rates. Managing urban traffic efficiently has become a critical need to ensure smooth mobility,
enhance road safety, and minimize environmental impacts.

Traditional traffic signal systems, which often operate on predetermined and fixed timings, fail to account for the dynamic nature of urban traffic. This
rigidity results in inefficiencies such as vehicles idling unnecessarily at intersections or bottlenecks that could otherwise be alleviated. The lack of
adaptability in such systems exacerbates congestion, leading to greater frustration for commuters and a rise in carbon emissions.

To address these challenges, the Automated Traffic Signal Detection and Response System (ATS-DRS) proposes a transformative approach to
traffic management. By leveraging real-time data collected through sensors, cameras, or other Internet of Things (IoT) devices, the ATS-DRS system
can dynamically adjust signal timings based on current traffic conditions. This data-driven method aims to streamline traffic flow, reduce waiting times,
and prioritize emergency vehicles, thereby improving overall road safety and operational efficiency.

The research focuses on integrating advanced technologies such as artificial intelligence (Al), machine learning, and real-time data analytics into the
ATS-DRS framework. These technologies enable the system to identify traffic patterns, predict congestion hotspots, and implement timely
interventions. The ultimate goal is to develop a sustainable urban traffic management solution that not only addresses immediate congestion concerns
but also contributes to long-term environmental and economic benefits.

This study emphasizes the potential of ATS-DRS to revolutionize traffic control systems by making them smarter, more adaptive, and efficient. By
fostering smoother traffic flow and safer road conditions, the system supports the broader objectives of sustainable urban development and livable
cities.


http://www.ijrpr.com/
mailto:pratikshadavanahipprage@gmail.com
mailto:st.jagtap@gmail.com

International Journal of Research Publication and Reviews, Vol (6), Issue (4), April (2025), Page — 1462-1468 1463

1.1. Background

Overview of Pune City

Pune, located in the western Indian state of Maharashtra, is one of the fastest-growing cities in India. With a population exceeding 3 million and an
ever-increasing vehicle density, Pune faces significant challenges in urban mobility. The city's rapid urbanization, coupled with economic development,
has led to a substantial rise in traffic congestion, particularly during peak hours 1 {71

1.2. Objective

The primary objectives of the ATS-DRS are:

e  To automate traffic signal control based on real-time traffic conditions.

e To minimize average waiting times at intersections 1 .

e  To enhance road safety by reducing accident rates.

e  To provide valuable data for urban traffic planning and infrastructure development
The primary objective of the automated traffic signal detection and response system is to implement a smart traffic management system that detects
real-time traffic conditions and responds dynamically by adjusting signal timings. This system aims to reduce waiting times, decrease traffic
congestion, lower fuel consumption, and reduce emissions. Moreover, it enhances road safety by giving priority to emergency vehicles and allowing
seamless traffic flow during non-peak hours.

Camera. Count of Identification of Timing
'(Capturlng Pr:)Teas%?n Vehicles Emergency Generator for
images of Controller R 9 - Vehicles traffic Lights
Lane) —> » o g

__NON _

Traffic Signal

Figurel.Block Diagram of traffic light corol using image processing.

Literature Review
The literature on traffic management systems, particularly automated traffic signal detection and response systems, has expanded significantly in recent
years. This review synthesizes key findings from various studies and reports relevant to the development and implementation of such systems in urban
settings, with a focus on Pune City.
2.1. Traffic Congestion and Management
Traffic congestion is a critical issue in urban areas worldwide. According to Zhang and Lee (2021), cities experiencing rapid growth face challenges
related to increased vehicle density, which leads to longer travel times and heightened accident risks 31 [°1 Traditional traffic management strategies,
often based on fixed signal timings, fail to adapt to real-time conditions, resulting in inefficient traffic flow (7.
2.2. Automated Traffic Signal Systems
e  Adaptive Signal Control Technology (ASCT): Research highlights that ASCT significantly improves traffic flow by adjusting signal timings
based on real-time traffic data (41 (81
. Machine Learning Applications: Gupta and Choudhury (2020) explored the application of machine learning algorithms in traffic signal
optimization. Their work demonstrates that predictive models can enhance traffic efficiency (2 (51

2.3. Computer Vision in Traffic Management

Real-time video analytics effectively monitor traffic conditions, including vehicle counts, speeds, and classifications 1 (11
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2.4. Future Directions

Future research should focus on integrating various technologies, such as the Internet of Things (IoT) and connected vehicle systems, to enhance the
functionality of automated traffic signal systems. Collaborative efforts between government agencies, researchers, and technology providers can drive
innovation and improve urban traffic management.

Methodology
3.1. System Design Overview

. Objective: To develop an automated system for detecting traffic signals and managing traffic flow in Pune city to reduce congestion and
improve safety (31 (81
. Components: Includes traffic signal detection modules, real-time monitoring, and a management dashboard ! [,

3.2. Data Collection

e Traffic Signal Data: Gathered on existing signals, their locations, timings, and configurations 7
e  Traffic Volume Data: Data collected through sensors and cameras at intersections

3.3. Response Mechanism Development

e Adaptive Traffic Control: Implement an adaptive traffic signal control system that adjusts signal timings based on current traffic conditions.
e  Communication Protocols: Use Vehicle-to-Infrastructure (V21) communication to inform vehicles of signal statuses and optimize their
approach to intersections.

3.4. Testing and Evaluation

e  Performance Metrics: Define metrics such as average wait times, traffic throughput, and accident rates to evaluate the system's
effectiveness.

e  Field Tests: Conduct field tests during peak and off-peak hours to assess system performance under varying conditions.

e  Feedback Loop: Gather feedback from traffic management authorities and the public to identify areas for improvement.

3.5. Scalability and Future Work

e  Scalable Architecture:
o  Design the system to be scalable, allowing for easy addition of new intersections and integration with other traffic management
technologies.
(] Future Enhancements:
o  Explore further integration of advanced technologies such as IoT devices, Al-driven predictive analytics, and collaboration with
public transportation systems for holistic traffic management

Result and Discussion
4.1. System Performance Evaluation

Traffic Flow Improvement
e  Average Wait Times: The implementation of the system led to a 30% reduction in average wait times at monitored intersections. For
instance, intersections with previously high congestion levels showed wait time decreases from an average of 60 seconds to 42 seconds. 2
(5]
e  Traffic Throughput: Data analysis indicated a 25% increase in vehicle throughput during peak hours, confirming that the system effectively
alleviates congestion. (2 (5]
Emergency Vehicle Response Time
e  Priority Response: The system successfully prioritized emergency vehicles, resulting in a 40% reduction in average response time, from 8
minutes to 4.8 minutes. This is particularly significant in densely populated areas where delays can have critical consequences. 1 1]

4.2. Behavioral Analysis and User Feedback
Driver Compliance

. Behavioral Changes: Surveys conducted post-implementation showed that 78% of drivers reported better compliance with traffic signals,
attributing this improvement to clearer signaling and enhanced awareness. (71 [
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e  User Satisfaction: Approximately 75% of surveyed drivers expressed satisfaction with the system, noting improvements in traffic flow and
reduced waiting times. 1 91
Public Acceptance
. Feedback Mechanism: The introduction of a mobile app for real-time feedback allowed users to report issues and receive updates. Over 60%
of users engaged with this feature, providing valuable insights for system optimization.
. Community Awareness: Public information campaigns contributed to a 65% awareness level regarding the system's benefits, fostering
community support and compliance.

4.3. Challenges and Limitations

Environmental Factors

. Impact of Weather: Adverse weather conditions, such as rain and fog, impacted the detection accuracy, particularly during nighttime. These
factors resulted in a higher false negative rate, necessitating the exploration of enhanced imaging technologies, such as infrared cameras or
low-light imaging. ™1 (8]

Infrastructure Limitations

. Compatibility Issues: Some older traffic signal infrastructure was not compatible with the new system, requiring additional investments for
upgrades to ensure seamless integration.

. Data Processing Delays: The system occasionally experienced delays during peak traffic hours due to high data volumes. Optimizing data
management and processing algorithms is critical for enhancing responsiveness. 11 (€

4.4 Future Directions

Technological Enhancements
e Al and Machine Learning: Future iterations of the system could incorporate advanced Al algorithms for adaptive learning, allowing for real-
time adjustments based on traffic patterns and historical data.
. 10T Integration: Expanding the use of 10T devices for environmental monitoring can provide real-time feedback on conditions affecting
traffic flow, such as road construction or accidents.

Broader Implementation
. City-Wide Rollout: Given the positive outcomes from the pilot study, a phased rollout across additional high-traffic intersections in Pune is
recommended.

. Collaboration with Public Transport: Integrating the traffic management system with public transportation schedules could enhance overall
traffic efficiency and encourage public transit usage.

Figure2.flow chart defining the meaning of Traffic control signals
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This flowchart illustrates the decision-making process for managing traffic signals. It starts by checking the current state of the traffic signal. If the light
is red, vehicles are instructed to stop. If the light is green, vehicles are allowed to move. In the case of a yellow light, the system resets the time and
permits vehicles to proceed cautiously. This process ensures an organized flow of traffic by guiding vehicles to respond appropriately to different signal
conditions, thereby enhancing road safety and efficient traffic management.

Figure 3. traffic light controller image
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- Performance Metrics of ATS-DRS in Pune
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Figure4. performance of the ATS-DRS in Pune across five key metrics

Wait Time Reduction: 30% decrease in average wait times.
Traffic Throughput: 25% improvement in vehicle flow.
Emergency Response: 40% faster emergency vehicle response.
Driver Compliance: 78% increase in adherence to signals.
5. User Satisfaction: 75% of users reported a positive experience.
The system demonstrates significant advancements, especially in improving compliance and user satisfaction.

A w R

Figure5. Training vs. Validation Accuracy Graph
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This graph compares Training Accuracy (blue line) and Validation Accuracy (green line) over multiple epochs. Both accuracies increase steadily,
indicating the model is learning effectively. The small gap between the lines suggests good generalization without overfitting. Validation accuracy

aligns well with training accuracy, reflecting a well-trained and robust model.
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Figure6. Comparison of Accuracy Across Models

This bar graph compares the accuracy of four machine learning models: Logistic Regression, SVM, Random Forest, and Neural Network. The Neural
Network achieves the highest accuracy (95%), followed by Random Forest (92%), SVM (89%), and Logistic Regression (85%). This indicates that the

Neural Network is the most effective model for this dataset.

Conclusion

e  The Automated Traffic Signal Detection and Response System implemented in Pune city represents a significant advancement in urban

traffic management. The study demonstrated that this system effectively enhances traffic flow, reduces congestion, and improves safety at
critical intersections. Key findings indicate a 30% reduction in average wait times and a 25% increase in traffic throughput, validating the
system's operational efficacy.

The integration of real-time traffic monitoring and adaptive signal control has proven beneficial, especially for emergency vehicles, resulting
in a 40% reduction in response times. This capability not only enhances public safety but also supports the overall efficiency of the city’s
transportation infrastructure.

However, the research also identified several challenges, including the system's performance under adverse weather conditions and
compatibility issues with existing traffic signal infrastructure. These limitations highlight the need for continuous improvement and
adaptation of the technology.

Looking forward, the expansion of this system throughout Pune, coupled with ongoing technological advancements such as Al and loT
integration, can further enhance its effectiveness. Community engagement and public awareness campaigns are essential to foster
acceptance and compliance, ensuring the system's long-term success.

In conclusion, the Automated Traffic Signal Detection and Response System has the potential to transform Pune into a smarter city, paving
the way for improved urban mobility and enhanced quality of life for its residents. Continued research and development in this area are
crucial to overcoming existing challenges and maximizing the system's benefits. (41 (9
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