Golden Sun-Rise
International Journal of Multidisciplinary on Science and Management
IJMSM ISSN: 3048-5037/ Volume 2 Issue 2 Apr-Jun 2025 / Page No: 66-72
e Paper Id: [JMSM- V212P106/ D0i:10.71141/30485037 /V2I2P106

Research Article

Al-Driven Smart Traffic Management System: An
Adaptive Approach Using YOLO and OpenCV

Vitthal B Kamblel, Onkar N Mundhe?, Chaitanya M Walunjkar3, Gaurav A Kale*

Department of Computer Engineering, Cusrow Wadia Institute of Technology Pune, Maharashtra, India.

Received: 12 April 2025 Revised: 15 April 2025 Accepted: 20 April 2025 Published: 30 April

Abstract - Intelligent traffic management systems are required due to the growing congestion in urban
areas. Conventional fixed-time traffic lights frequently result in inefficiencies, such as long wait times and
traffic jams at busy junctions.Using YOLO-based vehicle recognition and dynamic signal control, this work
presents an Al-driven traffic light management system. In order to optimize traffic flow, the system analyzes
vehicle density in several lanes using real-time image processing from IP cameras and makes informed
decisions.The suggested approach prioritizes highly crowded lanes while maintaining signal distribution
equity, improving traffic efficiency. Python, OpenCV, and Ultralytics YOLO are used for real-time detection in
this fully software-based system. When compared to static signal systems, the results show better traffic flow
management; deep learning models and reinforcement learning may be used to further improve the system.

Keywords - Al Traffic Management, YOLO, OpenCV, Dynamic Signal Control, Smart Cities, Real-Time Traffic
Analysis.

I. INTRODUCTION

With the rapid pace of urbanization and increasing number of vehicles on the road, traffic congestion has
become one of the most pressing challenges faced by modern cities. Traditional traffic signal systems, which
operate on fixed-time cycles, are no longer sufficient to handle dynamic and fluctuating traffic conditions. These
systems often lead to unnecessary delays, fuel wastage, and increased commuter frustration, especially during
peak hours.To tackle this growing issue, there is an urgent need for intelligent, adaptive solutions that can
respond in real-time to changing traffic scenarios. Artificial Intelligence (Al) has emerged as a transformative
tool in the domain of smart city infrastructure, offering the potential to optimize traffic flow using real-time data
and intelligent algorithms. This project proposes a fully software-based Al-driven smart traffic signal system
that leverages the power of computer vision and deep learning. Using YOLO (You Only Look Once), a high-speed
and high-accuracy object detection algorithm, the system identifies and counts vehicles across multiple lanes in
real time through IP camera feeds. Based on this live data, a decision-making algorithm dynamically adjusts
traffic signal durations to prioritize denser lanes while ensuring fairness across all directions. What sets this
system apart is its ability to operate without any need for expensive hardware installations or major
infrastructure changes. The solution uses Python, OpenCV, and YOLO all open-source tools to create a cost-
effective, scalable traffic management platform suitable for smart city applications. By intelligently allocating
signal time based on vehicle density, the proposed system significantly improves traffic flow efficiency, reduces
waiting time, and adapts dynamically to changing conditions. This study demonstrates the real-world potential
of integrating Al into urban mobility systems, paving the way toward truly intelligent and responsive traffic
control.

II. RELATED WORK

Vehicle traffic has increased due to rapid urbanization, making effective management techniques necessary to
reduce congestion [1]. Conventional traffic systems typically operate on fixed-time cycles, which often result in
unnecessary delays and inefficiencies, particularly during fluctuating traffic volumes [2]. An effective solution is
offered by Al-based adaptive traffic management systems that dynamically adjust signal timings based on real-
time traffic conditions [3]. This study proposes a software-based traffic signal control system that utilizes the
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YOLO (You Only Look Once) deep learning model for real-time vehicle detection and traffic flow analysis,
eliminating the need for additional physical infrastructure [4]. This approach ensures optimal traffic flow by
making data-driven decisions to improve urban mobility. YOLO (You Only Look Once) is a state-of-the-art, real-
time object detection algorithm renowned for its speed and accuracy. It processes entire images in a single
forward pass of a neural network and assigns bounding boxes with class probabilities to detected objects,
including vehicles such as cars, buses, and trucks. This enables precise estimation of traffic density, which is
essential for adaptive signal control in smart traffic systems [6]. Ethical hacking has emerged as a crucial
practice, enabling organizations to fortify their defenses and safeguard their assets [7]. Detect UPI Fraud By
Using Machine learning [8]. While key advancements such as NLP and neural networks enable extraction of
meaning in content, authorship, and user behavior in very complex patterns, issues related to data bias, the
degree of algorithmic transparency, and more intelligent tactics of misinformation remain [16].

Then, hybrid techniques consisting of Random Forest, AdaBoost, XGBoost, and majority voting are
implemented. To evaluate the effectiveness of the version, a set of publicly accessible credit card records is
utilized [17]. YOLOv4 offers improvements in detection speed and accuracy, enhancing vehicle detection
capabilities [18]. OpenCV is extensively used for real-time image acquisition and processing in traffic
applications [19]. Deep reinforcement learning enables adaptive learning-based signal optimization for evolving
traffic conditions [20]. The integration of Al traffic systems aligns with broader smart city IoT infrastructure
developments [21]. Function approximation-based reinforcement learning has shown promise in controlling
signals at complex intersections [22]. Graph-based models incorporating spatial-temporal attention mechanisms
offer potential for future traffic forecasting improvements [23]. In most networks, the vast majority of data
consists of normal user activities, while malicious attempts represent a tiny fraction [24]. ML has been shown to
be a significant tool for heart disease prediction and management using complex algorithms to analyze
complicated data and the choice of high-risk factors [25]. Today, the goal of digital picture tampering detection is
to guarantee the consistency and dependability of digital photographs. Maintaining the integrity of digital
content is very important in different domains such as journalism, media, social media, forensics, and national
security. The proposed system integrates both feature-based and network-based anomaly detection, leveraging
the interaction between entities and their attributes to uncover hidden patterns associated with fraud. To
overcome these limitations, technology-based solutions such as machine learning (ML) and artificial intelligence
(AI) have been used in agriculture, offering a data-driven solution to crop prediction, yield forecasting, and plant
disease detection.

III. METHODOLOGY
A. System Overview
The following components make up the Al-driven traffic management system:
e P cameras, which record real-time traffic photos from various lanes.
e Real-time vehicle detection and counting is possible using Yolo-based vehicle detection.
e Decision Algorithm: Based on vehicle density, this algorithm calculates the green light time.
e Tkinter's GUI Interface: Shows the signal status as of right now.

B. Data Acquisition
The system uses OpenCV to process real-time images from IP camera sources and then converts them into a
format that can be analyzed by YOLO.

C. Vehicle Detection Using YOLO

YOLO (You Only Look Once) is a state-of-the-art object detection algorithm that efficiently detects vehicles
such as cars, buses, and trucks. The model processes images and assigns bounding boxes to detected vehicles,
enabling accurate traffic density estimation.

D. Traffic Signal Control Logic
The system follows these decision rules:
e Count the number of vehicles in each lane.
e Compare densities between lanes.
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e Assign a green light to the lane with the highest congestion, within predefined limits (min 10s, max 30s).

e Prevent any lane from having excessive priority over others.

e Update signals dynamically based on real-time data.

IV. FLOWCHART REPRESENTATION
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Figure 1. Decision-Making Process of the Traffic Control System

V. MATHEMATICAL MODEL

To ensure an optimal decision-making process, the traffic control algorithm relies on a mathematical model for

dynamic signal allocation.

A. Vehicle Density Calculation

Let:
e NA:number of vehicles detected in Lane A
e NB: number of vehicles detected in Lane B
e LA, LB:lengths of Lane A and Lane B

The density of each lane is calculated as:
NA NB

PA=TaPB=15

Where:
e DA: Vehicle density of Lane A
e DB: Vehicle density of Lane B

B. Timing of Dynamic Signals

The green light duration TGT_GTG is dynamically assigned based on vehicle density using the formula:

TG = min(max(k - D, Trnin), Trmax)

Where:
e TG =green light duration

e k=scaling constant

e D =vehicle density difference between lanes

e Tmin = minimum allowable green light duration
e Tmax = maximum allowable green light duration
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To prevent a single lane from receiving an excessively long green signal continuously, a fairness constraint is

introduced:

TGOH) <a-TGH—-1)
e TG(i): Green light duration for the current signal cycle

e TG(i — 1): Green light duration for the previous signal cycle

e o Fairness factor (where 0 < a < 1 that ensures gradual and fair transitions between lanes
This constraint ensures that no single lane dominates the signal priority, promoting balanced traffic flow

across all directions.

A. Comparison Table

VI. PERFORMANCE ANALYSIS

Table 1. Comparison Table of Signals with and Without Al

Feature Fixed-time Signals Al-Based Signals RL-Based Signals
Adaptability No Yes Yes
Efficiency Low High Very High
Computational Demand Low Moderate High
Real-time Learning No Limited Yes

B. Graphical Data Representation
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Figure 2. Traffic Congestion Reduction (Bar Graph)
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Figure 3. Average Waiting Time Per Vehicle (Line Graph)
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Figure 4. Signal Adaptation Over Time (Time-Series Plot)
VII. RESULTS REPRESENTATION
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Fig 5: This figure shows the GUI displaying a green signal for Lane A. Since the system detected more vehicles in
Lane A, the signal dynamically shifted to prioritize traffic flow on that side.

Green: Lane A

Time Remaining: 9s

A momAm® - 08 @

Figure 6. GUI Dlsplaymg Green Signal for Lane B after Lane A’s duratlon ends
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Fig 6: This figure illustrates the fairness mechanism of the system. Even though Lane A continues to have more
vehicles, the signal switches to Lane B after a set duration to prevent prolonged wait times and user frustration
on the less congested side.

VIII. FUTURE SCOPE
Future improvements may Include:
e Integration with Reinforcement Learning: To enable self-learning traffic optimization.
¢ (Cloud-based Data Processing: For large-scale deployment across multiple intersections.
e Advanced Object Detection Models: Enhancing detection accuracy under varied conditions.
e V2X Communication: Direct interaction with connected vehicles for better traffic predictions.

IX. CONCLUSION

This study presents the design and implementation of a fully software-based, Al-powered smart traffic
management system capable of dynamically optimizing traffic signal timings based on real-time vehicle density.
Leveraging the capabilities of YOLO for accurate object detection and OpenCV for real-time image processing, the
system effectively identifies congestion levels across multiple lanes and adapts signal durations accordingly. By
eliminating the need for expensive hardware and focusing on a software-centric approach, the system offers a
scalable and cost-effective solution suitable for smart city applications.Through comparative analysis with
traditional fixed-time traffic systems, the Al-driven model demonstrated substantial improvements in traffic flow
efficiency, reduction in vehicle waiting times, and equitable distribution of green signal durations. Furthermore,
the introduction of a fairness constraint ensures that no single lane dominates the traffic cycle, promoting
balanced traffic management across all intersections.The project not only validates the feasibility of using
computer vision and lightweight deep learning models for traffic control but also lays the foundation for future
advancements. Future extensions could integrate reinforcement learning algorithms to enable self-optimization,
cloud-based processing for broader city-wide deployment, and V2X communication technologies to further
enhance prediction accuracy and responsiveness.Overall, the proposed Al-driven traffic management system
contributes toward making urban transportation smarter, faster, and more efficient, paving the way for the next
generation of intelligent mobility solutions in smart cities.

X. REFERENCES

1. R.Yadav, and S. Tripathi, "Intelligent Traffic Surveillance System Using IP Camera and Deep Learning," International
Journal of Advanced Research in Computer Science, vol. 10, no. 5, pp. 35-40, 2019.

2. Joseph Redmon et al, "You Only Look Once: Unified, real-time object detection," Proceedings of the IEEE Conference
on Computer Vision and Pattern Recognition (CVPR), pp. 779-788, 2016. Google Scholar | Publisher Link

3. Y. Zhang, Y. Wang, and H. Wang, "Real-time adaptive traffic signal control using deep reinforcement learning,"
Transportation Research Part C: Emerging Technologies, vol. 125, p. 102982, 2021.

4. Python Software Foundation, Tkinter - Python Interface to Tcl/Tk [Online]. Available:
https://docs.python.org/3/library/tk.html

5. G. Bradski, "The OpenCV Library," Dr. Dobb's Journal of Software Tools, 2000. [Online]. Available:
https://opencv.org

6. V. B. Kamble, and N. J. Uke. Ethical Hacking, San International, 2024. Online:
https://sanpublications.nobelonline.in/product/ethical-hacking-2/

7. V. B. Kamble et al,, "Enhancing UPI Fraud Detection: A Machine Learning Approach Using Stacked Generalization,"
International Journal of Management Science and Machine Learning (IJMSM), vol. 2, no. 1, pp. 69-83, 2025. Google
Scholar | Publisher Link

8. M. Abdoos, N. Mozayani, and A. L. Bazzan, "Traffic light control in non-stationary environments based on multi-
agent Q-learning," IEEE Transactions on Intelligent Transportation Systems, vol. 12, no. 2, pp. 445-452, 2011. Google
Scholar | Publisher Link

9. ]. Chin, B. De Schutter, and H. Hellendoorn, "Priority-based intersection control with fairness constraints using
model predictive control," Proceedings of the IEEE International Conference on Intelligent Transportation Systems
(ITSC), pp. 1084-1089, 2011.

10. T. K. R. G. Raju, S. N. R. Patnaik, and D. P. S. Chauhan, "Dynamic Signal Control System for Efficient Traffic
Management Based on Real-Time Data," IEEE Access, vol. 7, pp. 164587-164596, 2019.


https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=You+Only+Look+Once%3A+Unified%2C+real-time+object+detection&btnG=
https://www.cv-foundation.org/openaccess/content_cvpr_2016/html/Redmon_You_Only_Look_CVPR_2016_paper.html
https://docs.python.org/3/library/tk.html
https://opencv.org/
https://sanpublications.nobelonline.in/product/ethical-hacking-2/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Enhancing+UPI+Fraud+Detection%3A+A+Machine+Learning+Approach+Using+Stacked+Generalization&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Enhancing+UPI+Fraud+Detection%3A+A+Machine+Learning+Approach+Using+Stacked+Generalization&btnG=
https://www.ijmsm.org/volume2-issue1/IJMSM-V2I1P108.pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Traffic+light+control+in+non-stationary+environments+based+on+multi-agent+Q-learning&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Traffic+light+control+in+non-stationary+environments+based+on+multi-agent+Q-learning&btnG=
https://ieeexplore.ieee.org/abstract/document/6083114/

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

72
Vitthal B Kamble et al. 2(2), 66-72, 2025

. J. B. Smith, "A Survey of Traffic Density Estimation Techniques for Urban Road Networks," Transportation Research
Part C: Emerging Technologies, vol. 72, pp. 140-153, 2016.

L. Liu, Y. Zhang, and H. Li, "Real-time Vehicle Density Estimation using Computer Vision and IoT-Based Traffic
Monitoring Systems," IEEE Transactions on Intelligent Transportation Systems, vol. 20, no. 10, pp. 3729-3738, 2019.
V. B. Kamble et al., "Machine Learning in Fake News Detection and Social Innovation: Navigating Truth in the Digital
Age," in Exploring Psychology, Social Innovation and Advanced Applications of Machine Learning, pp. 87-108, 2025.
Google Scholar | Publisher Link

Omkar Dabade et al, "Developing an Intelligent Credit Card Fraud Detection System With Machine Learning,"
Journal of Artificial Intelligence, Machine Learning and Neural Network (JAIMLNN), vol. 2, no. 1, pp. 1-9, 2022. Google
Scholar | Publisher Link

A. Bochkovskiy, C. Y. Wang, and H. Y. M. Liao, "YOLOv4: Optimal Speed and Accuracy of Object Detection," arXiv
preprint, pp. 1-17, 2020. Google Scholar | Publisher Link

D. Kamble and S. Thorat, "Real-Time Traffic Density Analysis using OpenCV and Python," International Journal of
Scientific Research in Computer Science, vol. 10, no. 4, 2022.

E. van der Pol and F. A. Oliehoek, "Coordinated Deep Reinforcement Learners for Traffic Light Control," in NeurIPS
Workshop on Learning, Inference and Control of Multi-Agent Systems, pp. 1-8, 2016. Google Scholar | Publisher Link
A. Zanella et al., "Internet of Things for Smart Cities," IEEE Internet of Things Journal, vol. 1, no. 1, pp. 22-32, 2014.
Google Scholar | Publisher Link

L. A. Prashanth and S. Bhatnagar, "Reinforcement Learning with Function Approximation for Traffic Signal Control,"
IEEE Transactions on Intelligent Transportation Systems, vol. 12, no. 2, pp. 412-421, 2011. Google Scholar | Publisher
Link

H. Yao, X. Tang, H. Wei, G. Zheng, and Z. Li, "Modeling Spatial-Temporal Dynamics for Traffic Prediction with
Attention-Based Graph Convolutional Networks," arXiv preprint, 2018. Google Scholar | Publisher Link

V. B. Kamble, K. R. Jadhav, T. M. Patil, and A. D. More, "Detecting Unbalanced Network Traffic: A Machine Learning
Using Stacked Generalization," International Journal of Multi Discipline Science, vol. 2, no. 2, pp. 3048-5037, 2025.
Google Scholar | Publisher Link

V. B. Kamble et al, "Predicting Heart Disease with Machine Learning: Enhancing Accuracy through Algorithmic
Approach,” International Journal of Multidisciplinary on Science and Management, vol. 2, no. 2, pp. 36-56, 2025.
Publisher Link

V. B. Kamble and N. J. Uke, "Image Tampering Detection: A Review of Multi-Technique Approach from Traditional to
Deep Learning," Journal of Dynamics and Control, vol. 8, no. 11, pp. 252-283, 2024. Google Scholar | Publisher Link

V. B. Kamble et al, "Wireless Networks and Cross-Layer Design: An Implementation Approach,” International
Journal of Computer Science and Information Technologies (IJCSIT), vol. 5, no. 4, pp. 5435-5440, 2014. Google Scholar
| Publisher Link

V. B. Kamble, J. Sharma, N. Nirale, and V. Shete, "Revolutionizing Agriculture: Smart Farming Using Machine and
Deep Learning," International Journal of Engineering Applied Sciences and Technology, vol. 9, no. 12, pp. 71-79,2025.
Google Scholar | Publisher Link


https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Machine+Learning+in+Fake+News+Detection+and+Social+Innovation%3A+Navigating+Truth+in+the+Digital+Age&btnG=
https://www.igi-global.com/chapter/machine-learning-in-fake-news-detection-and-social-innovation/371660
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Developing+an+Intelligent+Credit+Card+Fraud+Detection+System+With+Machine+Learning&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Developing+an+Intelligent+Credit+Card+Fraud+Detection+System+With+Machine+Learning&btnG=
https://journal.hmjournals.com/index.php/JAIMLNN/article/view/2338
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=YOLOv4%3A+Optimal+Speed+and+Accuracy+of+Object+Detection&btnG=
https://arxiv.org/abs/2004.10934
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Coordinated+Deep+Reinforcement+Learners+for+Traffic+Light+Control&btnG=
https://www.elisevanderpol.nl/papers/vanderpolNIPSMALIC2016.pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Internet+of+Things+for+Smart+Cities&btnG=
https://ieeexplore.ieee.org/abstract/document/6740844
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Reinforcement+Learning+with+Function+Approximation+for+Traffic+Signal+Control&btnG=
https://ieeexplore.ieee.org/abstract/document/5658157/
https://ieeexplore.ieee.org/abstract/document/5658157/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Modeling+Spatial-Temporal+Dynamics+for+Traffic+Prediction+with+Attention-Based+Graph+Convolutional+Networks&btnG=
https://www.researchgate.net/publication/323570926_Modeling_Spatial-Temporal_Dynamics_for_Traffic_Prediction
file:///C:/Users/kittle/Downloads/Detecting%20Unbalanced%20Network%20Traffic:%20A%20Machine%20Learning%20Using%20Stacked%20Generalization
https://www.researchgate.net/publication/390797625_Detecting_Unbalanced_Network_Traffic_A_Machine_Learning_Using_Stacked_Generalization
https://www.ijmsm.org/ijmsm-v2i2p104.html
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Image+Tampering+Detection%3A+A+Review+of+Multi-Technique+Approach+from+Traditional+to+Deep+Learning&btnG=
https://www.researchgate.net/publication/387547794_IMAGE_TAMPERING_DETECTION_A_REVIEW_OF_MULTI-TECHNIQUE_APPROACH_FROM_TRADITIONAL_TO_DEEP_LEARNING
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Wireless+Networks+and+Cross-Layer+Design%3A+An+Implementation+Approach&btnG=
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=281a53d4581ec9e304998055b97d67e2c9588330
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Revolutionizing+Agriculture%3A+Smart+Farming+Using+Machine+and+Deep+Learning&btnG=
https://www.researchgate.net/profile/Vitthal-Kamble/publication/391247856_REVOLUTIONIZING_AGRICULTURE_SMART_FARMING_USING_MACHINE_AND_DEEP_LEARNING/links/6810502fded43315573ddb4a/REVOLUTIONIZING-AGRICULTURE-SMART-FARMING-USING-MACHINE-AND-DEEP-LEARNING.pdf

