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Abstract- Traffic congestion remains one of the most pressing urban challenges globally, leading to increased
travel time, fuel consumption, and pollution. This paper presents a software-only implementation of a
Dynamic Traffic Light System (DTLS) powered by Edge Machine Learning (ML) techniques. Using an
optimized YOLOv3- tiny model for real-time vehicle detection and intelligent traffic light timing algorithms,
the system adapts dynamically to traffic conditions across multiple junctions. Simulation results on standard
datasets demonstrate reduced vehicle wait times and enhanced emergency response capabilities, making the
solution highly scalable for Intelligent Transportation Systems (ITS) and smart city integration.
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I. INTRODUCTION

e Preprocessing: Frames converted to grayscale and resized for faster inference using OpencCV.
e Model: YOLOv3-tiny, trained on the COCO dataset, optimized via:

e Structured Pruning: Eliminates low-importance weights, reducing FLOPs.

e 8-bit Quantization: Enables lightweight deployment, reduces memory usage.

e Output: Vehicle count per class per lane (e.g., cars, buses, trucks).

e Performance Goals: Maintain 90-95% mAP; infer each frame <1s.

Traffic Light Switching — Algorithm 1 (SJF + Round Robin Hybrid)
e Total Vehicles (N): Sum of all detected vehicles across 4 lanes.
e Lane Share (Flanei):

Flanei = (vehicle_count_i / N) * 100%

e Scheduling:

e Apply Shortest Job First (SJF): Give green first to the lane with the fewest vehicles (to reduce wait).
e Round Robin: Prevent starvation by rotating lanes if queue builds.

e Green Duration:

e Proportional to each Flanei value (e.g., lane with 40% of vehicles gets 40% of total cycle time).

Priority Handling - Algorithm 2 (Cumulative Delay)

o Certain routes (e.g., those near schools/hospitals) require prioritization.

e Maintain delay_i, the time since last green for lane i.

e Compute cumulative delays across junctions.

e During peak hours, override normal scheduling to favor high-delay or critical lanes.

Emergency Green Corridor — Algorithm 3

e Detection: Emergency vehicles identified using class labels from YOLO.
e Trigger Flag (Ei): If ambulance/firetruck detected, set Ei = 1.

e Action:
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e Instantly switch the light to green for the affected lane.
e Notify downstream junctions (in simulation) to ensure smooth passage.
e Normal signal logic resumes post-emergency.

I1 SIMULATION SETUP

Tools Used

e Python: Main logic and simulation.

e OpenCV: Video input, frame extraction, image processing.

e TensorFlow/PyTorch: YOLOv3-tiny inference.

e COCO Dataset: Model trained/tested on standard object detection benchmarks.
e Sample Junction Simulation: Simulated 4-lane traffic using sample traffic videos.

Scenarios Tested

e Normal Peak Traffic: 50-80 vehicles across 4 lanes.
Off-Peak: 10-30 vehicles.

Emergency Case: Emergency vehicle injected in lane 3.
Priority Route: Lane 1 marked as school zone.

I1l. RESULTS & DISCUSSION

This paper demonstrates a software-only prototype of a dynamic traffic light control system powered
by Edge ML. By using real-time video feeds and intelligent scheduling algorithms, it is possible to
significantly reduce urban congestion without physical infrastructure changes. Future work can involve
deploying this system on live CCTV feeds and integrating it with cloud-based dashboards for city-wide
traffic monitoring.

5 Fixed Timers
Metric (Baseline) Proposed DTLS
Avg. Vehicle Delay 45 45
(sec)
Congestion Reduction = -30%
(mAP)
Emergency Response 12 92.3%
Delay
Inference Latency -0 ~0.7 sec
per Frame ’
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Benefits and Applications

e Scalability: No expensive hardware required; runs on edge devices or local servers.

e Environmental Impact: Reduces idling time, thus lowering emissions.

e Smart City Integration: Easily integrates with |oT infrastructure and centralized traffic control.
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IV. CONCLUSION

This study presents a software-based Dynamic Traffic Light System (DTLS) leveraging Edge Machine
Learning to optimize urban traffic flow. By integrating an optimized YOLOv3-tiny model for real-time
vehicle detection with adaptive traffic light control algorithms, the system dynamically adjusts signal
timings based on live traffic density, cumulative delay, and emergency vehicle detection.

Simulation results show a significant reduction in average vehicle delay (up to 30%), high detection
accuracy (mAP > 90%), and near-instant emergency response capability. Importantly, the entire solution
is implemented without reliance on specialized hardware, making it scalable and cost-effective for smart
city deployment.

Future improvements may include real-time deployment using live CCTV feeds, integration with cloud
analytics, and expansion to multi-junction networks with coordinated control.

Future Scope
The proposed software-based DTLS system has strong potential for future enhancements and real-
world deployment. Some key areas of expansion include:

Accident Detection & Emergency Response Integration

By extending the YOLO-based detection model to identify accidents (e.g., vehicle collisions or fallen
bikes), the system can trigger emergency alerts. This can be integrated with APIs or loT systems to
automatically notify nearby hospitals or ambulances, reducing response time and potentially saving
lives.

Real-Time CCTV Integration
The current simulation can be extended to work with live traffic feeds from city surveillance systems,
enabling deployment in real environments without major infrastructure changes.
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