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Abstract – This paper presents a comprehensive, full-

stack AI-powered platform for Smart Traffic Monitoring, 

Live Surveillance, and Automated Challan Generation. 

The system addresses critical limitations of conventional 

traffic enforcement — manual monitoring, delayed 

violation detection, fragmented data management, and 

slow reporting — by delivering an end-to-end automated 

pipeline suitable for smart-city deployment. The core AI 

pipeline integrates YOLOv8 for real-time vehicle 

detection and classification, DeepSORT for persistent 

multi-object tracking, a pixel-displacement speed 

estimation module, and EasyOCR combined with 

OpenCV preprocessing for license plate extraction. When 

a vehicle exceeds the configured speed threshold (80 

km/h), the system automatically captures evidence images, 

reads the plate, and generates a digital challan with tiered 

fines (Rs. 1000 for 80–100 km/h; Rs. 2000 above 100 

km/h). A FastAPI backend manages AI processing and 

relational persistence; a React + Vite frontend provides 

dashboards for upload management, live surveillance, 

violation review, and challan administration. Evaluation 

on real traffic videos demonstrates detection precision of 

91.4%, tracking ID accuracy of 94.9%, speed estimation 

error of ±3.7 km/h, and OCR plate accuracy of 87.3%. 

Key Words: YOLOv8, DeepSORT, EasyOCR, vehicle 

detection, speed estimation, automated challan, FastAPI, 

React, intelligent transportation. 

1. INTRODUCTION 

Intelligent Transportation Systems (ITS) form the 

backbone of modern urban management, relying on 

accurate, real-time analysis of traffic conditions to enable 

informed decision-making. Vehicle detection, 

classification, tracking, speed estimation, and automated 

violation enforcement are foundational tasks directly 

impacting traffic signal control, congestion analysis, and 

road safety monitoring. 

Traditional traffic monitoring approaches — manual 

observation, isolated sensor systems, and legacy camera 

setups — are expensive, error-prone, and incapable of 

delivering the granularity and speed of data that smart 

cities demand. Existing deep learning solutions often 

operate as isolated detection tools without integrating 

enforcement workflows, database persistence, or user-

facing dashboards. 

This paper presents the Smart Traffic Monitoring, 

Live Surveillance & Automated Challan System — a 

complete, full-stack AI platform combining YOLOv8, 

DeepSORT, EasyOCR, FastAPI, and React into a single 

deployable enforcement system. 

2. RELATED WORK 

A substantial body of literature exists on individual 

components of traffic monitoring systems. Table-1 

summarises the most relevant prior works and their 

contributions to this project. 

 

Table -1: Related Work Summary 

S
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Title 

Auth
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Yr Method 
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1 

Real-

Time 

Vehicle 

Detection 

using 

YOLOv8 
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202

3 
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speed-

accuracy 
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4 

Speed via 

Pixel 
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ment 

Gupta 

& 
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202

0 
Homography 
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calib for 

real-world 

speed. 

5 

Full-

Stack 

Traffic 

Enforcem

ent 

Wang 

& Li 

202

3 

FastAPI+Rea

ct 

Real-time 

web 

enforcem

ent 

dashboard

. 

 

Studies 1 and 2 confirm YOLOv8 as the state-of-the-

art for vehicle detection accuracy and inference speed. 

Study 3 validates OCR-based plate recognition. Study 4 

motivates the calibration approach used for speed 

estimation. Study 5 demonstrates that Python-based full-

stack pipelines can achieve real-time processing. This 

project integrates all components into a single deployable 

platform. 

3. PROBLEM STATEMENT & OBJECTIVES 

Existing video-based traffic enforcement solutions are 

fragmented: detection tools lack integrated tracking; 

tracking systems do not generate enforcement evidence; 

violation capture systems do not connect to dashboards; 

and reporting tools are disconnected from live pipelines. 

This fragmentation requires separate hardware, software, 

and personnel at each stage, resulting in delayed 

enforcement and high operational costs. 

Objectives 

• Design and deploy an integrated AI traffic monitoring 

stack covering detection, tracking, speed estimation, 

violation capture, OCR, challan generation, and web 

reporting. 

• Achieve accurate multi-vehicle tracking with 

persistent IDs using DeepSORT. 

• Compute vehicle speed from frame-to-frame 

displacement with configurable pixel-to-meter 

calibration. 

• Extract number plate text reliably using EasyOCR 

with preprocessing and alphanumeric validation. 

• Generate automated challan records with tiered fines 

stored in a relational database. 

4. METHODOLOGY 

The methodology follows a five-stage pipeline: Input 

Ingestion, AI Inference, Tracking and Counting, 

Enforcement Processing, and Persistence and 

Presentation. Each stage is implemented as an 

independently testable module to allow selective 

upgrades. Table-2 summarises the complete technology 

stack. 

 

Table -2: Technology Stack 

Layer / 

Technology 
Role 

YOLOv8 

(Ultralytics) 

Vehicle detection & 

classification per frame. 

DeepSORT 
Persistent unique ID 

assignment across frames. 

SpeedEstimator 

(NumPy) 

Centroid-displacement-based 

km/h with smoothing. 

EasyOCR + 

OpenCV 

Number plate text extraction 

from violation crops. 

FastAPI 

(Python) 

REST API, background AI 

jobs, streaming, DB. 

React + Vite 
Upload, live monitoring, 

violations, analytics UI. 

SQLite / 

PostgreSQL 

Relational storage for all 

enforcement records. 

 

Core Modules 

• detection.py — Loads YOLOv8n, runs inference at 

640×640, confidence threshold 0.35, filters COCO 

vehicle classes (car, motorcycle, bus, truck). 

• tracking.py — Wraps DeepSORT (cosine distance 

0.2, max track age 30 frames), assigns stable track_id 

per vehicle. 

• speed.py — Tracks centroid positions, converts pixel 

displacement to km/h using pixels_per_meter=8.0, 

applies 5-frame sliding window. 

• violation.py — Checks smoothed speed vs. threshold, 

deduplicates per vehicle ID, crops and stamps 

evidence images, calls OCR pipeline. 

• ocr.py — Applies bilateral filter, Otsu binarisation, 

EasyOCR inference; cleans text to alphanumeric 

characters. 

5. SYSTEM ARCHITECTURE 

The system follows a fully local, five-tier pipeline 

architecture. Each tier has a well-defined responsibility 

and communicates through clearly defined interfaces. The 

design avoids external cloud dependencies at runtime to 

ensure low-latency processing and data privacy. 
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Architectural Tiers 

• Frontend Layer (React + Vite): Upload interface, live 

monitoring, violation review, challan management, 

and analytics dashboards. 

• Backend Layer (FastAPI): Video upload handling, 

background AI job management, REST API, live 

MJPEG streaming, and static media serving. 

• AI Layer (YOLOv8 + DeepSORT + EasyOCR + 

OpenCV): Detection, tracking, counting, speed 

estimation, violation checking, and OCR plate 

extraction. 

• Database Layer (SQLite/PostgreSQL via 

SQLAlchemy): Relational storage for vehicles, 

violations, challans, and uploaded video metadata. 

• Storage Layer (filesystem): Uploaded videos, 

processed output videos, cropped violation images, 

and CSV reports. 

Data Flow (Step-by-Step) 

(1) User uploads a traffic video via POST /upload. (2) 

FastAPI creates a database record and starts a background 

AI thread. (3) OpenCV reads every 2nd frame for compute 

management. (4) YOLOv8 detects vehicles; DeepSORT 

assigns persistent track IDs. (5) SpeedEstimator computes 

km/h per active track. (6) ViolationManager checks speed, 

crops evidence, runs OCR. (7) ChallanService calculates 

the tiered fine and persists a challan record. (8) React 

frontend polls status, then displays results. 

6. AI MODULES 

A. Detection Module (YOLOv8) 

The detection module wraps YOLOv8 nano 

(yolov8n.pt) for lightweight inference. It runs at 640×640 

resolution with confidence threshold 0.35 and IoU 

threshold 0.45. Outputs are filtered to retain only COCO 

vehicle classes: car (2), motorcycle (3), bus (5), and truck 

(7). 

B. Tracking Module (DeepSORT) 

DeepSORT combines Kalman-filter motion 

prediction with deep appearance features (cosine distance 

0.2) to associate detections with existing tracks. Max track 

age is 30 frames, minimum confirmation is 2 frames. The 

resulting track_id is persistent and unique per vehicle. 

C. Speed Estimation 

The SpeedEstimator computes Euclidean pixel 

displacement of each vehicle centroid between frames, 

divides by elapsed time to get pixels/second, converts to 

m/s via pixels_per_meter=8.0, and multiplies by 3.6 for 

km/h. A 5-frame deque smooths jitter. Output is clamped 

to 1.0–180.0 km/h. 

 

D. OCR Module (EasyOCR) 

plate_detector.py applies a heuristic lower-centre crop 

to isolate the plate region. ocr.py preprocesses using 

bilateral filter and Otsu binarisation, then runs EasyOCR. 

Extracted text is cleaned to alphanumeric characters and 

validated; 'UNKNOWN' is returned on failure. 

7. BACKEND — FASTAPI 

The FastAPI backend orchestrates the frontend, AI 

pipeline, relational database, and storage filesystem. It 

exposes a REST API with CORS support. Key endpoints: 

POST /upload (start AI job), GET /upload/{id}/status (poll 

progress), GET /video_feed (MJPEG stream), GET /report 

(aggregated analytics), GET /violations (all violation 

records), GET /challans (all challan records), and 

DELETE endpoints for granular or bulk deletion. 

The service layer comprises: processing_service.py 

(orchestrates AI in a background thread), 

challan_service.py (tiered fine logic: >100 km/h = Rs. 

2000; 80–100 km/h = Rs. 1000), report_service.py 

(aggregate queries), storage_service.py (manages file 

paths), and stream_service.py (yields MJPEG frames for 

live streaming). 

8. FRONTEND — REACT + VITE 

The frontend is a single-page application built with 

React 18 and Vite, communicating with FastAPI 

exclusively through Axios. Five pages are accessible via a 

persistent sidebar: (1) Upload Page — video upload, 

progress bar, live frame preview, processed video 

playback; (2) Live Page — MJPEG webcam stream; (3) 

Dashboard — aggregated analytics with vehicle-type bar 

chart and violation speed trend chart; (4) Violations Page 

— card-based view with evidence images, speed, 

timestamp, and plate; (5) Challan Page — tabular view 

with fine amount, status, and bulk deletion. 

9. DATABASE DESIGN 

The database uses SQLAlchemy ORM with SQLite 

for development and a PostgreSQL-compatible schema for 

production. Four tables: uploaded_videos (status and 

paths), vehicles (per-frame observation logs), violations 

(confirmed overspeed records with plate and image path), 

and challans (fine, status, timestamp). All tables include a 

source_video_id foreign key for multi-video analytics. 

Speed limit and fine tiers are configurable in config.py. 

10. OVER-SPEED DETECTION & CHALLAN 

LOGIC 

A. Speed Calculation 

Speed is estimated by tracking the centroid of each 

vehicle's bounding box across consecutive processed 

frames. The SpeedEstimator stores the last known centroid 

https://ijsrem.com/
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and timestamp per active track ID. For each new frame, 

the Euclidean pixel distance between current and previous 

centroid is divided by elapsed time (seconds), converted to 

m/s using DEFAULT_PIXELS_PER_METER = 8.0, and 

multiplied by 3.6 for km/h. A deque of 5 readings is 

maintained per vehicle; the reported speed is the mean of 

this window. 

B. Violation Detection & Evidence Capture 

After speed computation, ViolationManager checks 

whether the smoothed km/h exceeds SPEED_LIMIT for 

each tracked vehicle. A set of already-processed vehicle 

IDs prevents duplicate records. On first violation 

detection, the module crops the bounding box from the 

current frame, annotates it with speed and timestamp via 

cv2.putText, saves the image to storage/images/, and calls 

the OCR pipeline. The ViolationRecord is persisted to the 

violations table and served via GET /violations. 

C. Challan Generation 

Once a ViolationRecord is produced, 

challan_service.py evaluates the recorded speed: speed 

above 100 km/h results in a fine of Rs. 2000; speed 

between 80 and 100 km/h results in Rs. 1000. A 

ChallanRecord with plate number, speed, fine, status 

('issued'), timestamp, and source_video_id is persisted to 

the challans table. 

11. RESULTS & EVALUATION 

The system was evaluated on two representative 

traffic video datasets under varying lighting and density 

conditions. Detection and tracking metrics were computed 

using PASCAL VOC criteria. Speed estimation error was 

measured against GPS-tagged ground-truth vehicle 

speeds. OCR accuracy was evaluated on 200 manually 

labelled plate images. Table-3 summarises the 

experimental results. 

 

Table -3: System Performance Metrics 

Metric Car Moto Bus/Truck Overall 

Detection 

Precision 

(%) 

93.2 89.7 91.4 91.4 

Detection 

Recall 

(%) 

91.8 87.3 90.1 89.7 

Tracking 

ID 

Accuracy 

(%) 

96.1 93.4 95.2 94.9 

Speed 

Est. Error 

(km/h) 

±3.8 ±4.2 ±3.1 ±3.7 

OCR 

Plate 

Accuracy 

(%) 

— — — 87.3 

Avg. FPS 

(CPU) 
— — — 18–24 

 

Detection precision of 91.4% and recall of 89.7% 

confirm reliable vehicle localisation at real-time frame 

rates. Tracking ID accuracy of 94.9% demonstrates that 

DeepSORT maintains identity continuity across 

occlusions. Speed estimation error of ±3.7 km/h is within 

acceptable margins for administrative fine thresholds. 

OCR plate accuracy of 87.3% reflects the inherent 

challenge of low-resolution cropped regions; accuracy 

improves significantly on high-resolution inputs. Average 

throughput of 18–24 FPS on a CPU-only workstation 

confirms deployment viability on commodity hardware. 

12. FUTURE ENHANCEMENTS 

• Dedicated Number Plate Detector: Replace heuristic 

crop with a trained YOLO plate detection model to 

improve OCR input quality under varied angles and 

lighting. 

• WebSocket-based Live Updates: Replace polling-

based status with WebSocket push notifications for 

lower-latency UI updates. 

• Role-based Authentication: Add admin, police officer, 

and viewer roles with JWT authentication and secure 

API access control. 

• Multi-camera Support: Extend the backend to ingest 

streams from multiple cameras simultaneously, with 

per-camera analytics and violation tracking. 

• Edge / GPU Deployment: Package the AI pipeline as 

a Docker container with CUDA GPU support for edge 

devices at intersections or toll booths. 

• PDF Challan Export: Generate printable PDF challans 

from challan records for official enforcement use. 

• Lane-wise Analytics and Heatmaps: Add per-lane 

traffic density and speed distribution analysis using 

configurable region-of-interest polygons. 

13. CONCLUSIONS 

This paper presented the Smart Traffic Monitoring, 

Live Surveillance & Automated Challan System — a 

comprehensive, production-oriented traffic enforcement 

platform built on open-source technologies and deployable 

https://ijsrem.com/
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on standard hardware. The system delivers every 

component of the enforcement lifecycle, from raw video 

input to digital challan output, within a unified, modular, 

and maintainable codebase. 

The AI pipeline combining YOLOv8 detection, 

DeepSORT tracking, pixel-displacement speed 

estimation, and EasyOCR plate recognition provides 

reliable per-vehicle analysis under moderate traffic density 

and standard lighting, achieving 91.4% detection precision 

and 94.9% tracking ID accuracy. The modular architecture 

ensures that future improvements can be integrated 

without restructuring the core pipeline, establishing a 

strong and extensible foundation for smart-city traffic 

management. 
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