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Introduction / Background:

Traffic congestion is a major issue in rapidly growing urban areas. With an increasing
number of vehicles on the road, traditional fixed-time traffic signal systems are no longer
effective in managing flow efficiently. These systems do not adapt to real-time traffic
conditions, often leading to long waiting times, unnecessary fuel consumption, and
environmental pollution. This project proposes a smart solution using machine learning
and computer vision techniques to dynamically manage traffic signals. By implementing
the Haar cascade algorithm, the system can detect and count vehicles in real time
through surveillance camera feeds. The data is then used to calculate traffic density and
adjust signal timings accordingly. This helps in reducing congestion, improving traffic flow,
and enhancing commuter experience. The system is also designed to learn and improve
continuously through feedback mechanisms, making it adaptive to changing traffic
patterns. With scalability and environmental benefits, this project aligns well with smart

city goals and sustainable urban development.
Objectives:

e To develop a real-time traffic monitoring system using Haar cascade for vehicle detection.
e To calculate traffic density and adjust signal timings dynamically based on vehicle count.
e To improve traffic flow and reduce congestion through data-driven decision-making.

e To enhance urban mobility and reduce fuel consumption and emissions.

48th Series Student Project Programme (SPP): 2024-25 — Synopsis of the Project 1



e To design a scalable and adaptable system suitable for various urban environments.

9. Methodology:

1. Data Collection and Preprocessing:
¢ Gather historical traffic data, including traffic volume, flow rates, and
e congestion patterns, from relevant sources.

e Collect real-time traffic data from intelligent surveillance cameras deployed at key
intersections.

¢ Preprocess the collected data to remove noise, handle missing values, and standardize
data formats for analysis.

Car Detection Using Haar Cascade Algorithm:

e Utilize the Haar cascade algorithm for car detection in video frames captured by
surveillance cameras.

¢ Train the Haar cascade classifier on a dataset of annotated car images to recognize
car features.

e Implement the trained classifier to detect and count cars in real-time video streams
from surveillance cameras.

Traffic Density Calculation:

e Use the detected cars from surveillance cameras to calculate traffic density on each
road segment leading to the junction.

e Apply mathematical models or heuristic algorithms to convert car counts into traffic
density metrics.

e Determine the traffic density thresholds for dynamically adjusting traffic signal timings.
Dynamic Traffic Signal Adjustment:

¢ Design algorithms to dynamically adjust traffic signal timings based on real-time traffic
density and predictive traffic models.

¢ Allocate green signal time to each road segment proportionally to its traffic density,
prioritizing roads with higher vehicle counts.

¢ Implement the signal adjustment algorithms in the traffic signal control system, ensuring
compatibility and seamless integration.

Feedback Loop Mechanism:

e Develop a feedback loop mechanism to continuously update predictive models and
signal adjustment algorithms based on real-time traffic data.

e Monitor the effectiveness of signal adjustments in reducing congestion and improving
traffic flow.

¢ Incorporate feedback from the evaluation phase to refine predictive models and
optimize signal control strategies.
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System Implementation and Integration:

¢ Deploy the developed system in a simulated environment or real-world traffic junction
for testing and evaluation.

e Integrate the traffic management system with existing traffic signal control infrastructure
and surveillance camera networks.

e Ensure interoperability and compatibility with standard communication protocols for
seamless operation.

Results & Conclusions

The developed system was successfully tested using multiple video inputs simulating
real-time surveillance feeds from urban intersections. Using the Haar cascade classifier,
the system accurately detected and counted vehicles in each lane, with a total car count
being calculated across all camera feeds. Based on traffic density, the system
dynamically allocated green light durations, which improved overall traffic flow in

simulation scenarios.
Key observations include:

e Real-time vehicle detection was achieved with reasonable accuracy, although some
detection errors occurred due to lighting or occlusion.

e Dynamic signal adjustment helped in reducing idle wait time at low-traffic lanes and
provided more green light duration to denser lanes.

e The feedback mechanism enabled continuous improvement by recalibrating timing
logic based on real-time inputs.

e In test case TCO005, the system successfully managed multiple intersections
simultaneously with efficient coordination.

e Despite minor delays due to processing lag (observed in TC003), the system proved its

potential in optimizing traffic flow and reducing congestion.
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Conclusion:

This project demonstrates that machine learning-driven, adaptive traffic control can
enhance urban mobility, reduce wait times, and minimize fuel wastage. The integration
of computer vision and predictive modeling marks a significant step toward smart city

infrastructure

Project Outcome & Industry Relevance

The Traffic Prediction and Controlling System demonstrates a practical and scalable
solution for real-time urban traffic management. By leveraging machine learning
algorithms and computer vision, the project successfully automates traffic density
analysis and dynamic signal control, reducing reliance on manual monitoring and fixed-
timing systems. This contributes significantly to the field of intelligent transportation
systems (ITS), offering a foundation for data-driven, adaptive traffic solutions. In real-
world settings, such systems can be deployed at busy urban intersections to reduce
congestion, improve commute times, and lower fuel consumption and
emissions.Industries such as smart city infrastructure, urban planning, transport logistics,
and automotive automation can directly benefit from this technology. Additionally, its
compatibility with loT devices and potential for integration with V2X (vehicle-to-
everything) communication systems enhances its relevance in the era of connected and
autonomous vehicles. The project's outcomes pave the way for more sustainable and

intelligent traffic ecosystems in modern cities.

Working Model vs. Simulation/Study:

This project was primarily developed and tested as a simulation-based model. The
system uses real-time video feeds to simulate traffic scenarios and dynamically adjusts
signal timings based on detected vehicle density. Although no physical traffic signal
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hardware was used, the model accurately demonstrates how such a system can be

implemented and integrated into real-world infrastructure.
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Project Outcomes and Learnings:

e Successfully implemented a real-time traffic monitoring and signal control system
using machine learning.

e Learned how to use the Haar cascade algorithm for object detection, specifically for
counting vehicles.
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Gained experience in handling real-time data and applying predictive modeling for
traffic pattern analysis.

Understood the importance of adaptive systems and feedback loops in dynamic
environments.

Developed skills in Python programming, OpenCV, and simulation of intelligent traffic

systems.

Future Scope:

Integrate deep learning-based object detection models like YOLO or SSD for higher
accuracy and robustness.

Develop a physical prototype using microcontrollers like Raspberry Pi or Arduino
connected to real traffic lights for live testing.

Integrate the system with loT and cloud platforms for centralized traffic data collection
and analytics.

Enhance the model to detect and prioritize emergency vehicles, ambulances, or public
transport for quicker clearance.

Improve the traffic prediction model using advanced time-series forecasting
techniques.

Extend the system to support smart parking solutions, vehicle counting, and accident
detection.

Integrate with GPS and map services to provide real-time traffic updates to users.
Use collected traffic data for urban planning and infrastructure improvement by

authorities.
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