
I J A R S C T    

    

 

               International Journal of Advanced Research in Science, Communication and Technology 

                           International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal 

Volume 5, Issue 4, November 2025 

Copyright to IJARSCT DOI: 10.48175/IJARSCT-29935   247 

www.ijarsct.co.in  

 
 

ISSN: 2581-9429 Impact Factor: 7.67 

 

Smart Road Assistance System using Computer 

Vision 
Shivraje Kakade1 and Dr. K. C. Waghmare2 

Student, Computer Engineering1 

Professor, Computer Engineering2 

Pune Institute of Computer Technology, Pune, India 

 

Abstract: The Smart Road Assistance System (SRAS) is a vision-based, real-time driver assistance 

framework designed to enhance road safety and minimize human error using Computer Vision and Deep 

Learning techniques. The system captures live video from a camera and processes each frame to detect 

and classify key road elements such as vehicles, traffic signs, traffic lights, lanes, and potholes. By 

integrating advanced models like YOLOv8 for object detection and Convolutional Neural Networks 

(CNNs) for traffic sign and light recognition, the system provides accurate, fast, and reliable detection 

under diverse environmental conditions.  

A fusion layer combines the outputs from multiple detection modules to make context-aware decisions, 

which are then displayed on a Graphical User Interface (GUI) with real-time visual overlays and alert 

messages. The proposed system achieves high accuracy while maintaining real-time performance, 

making it suitable for deployment in vehicles and smart transportation systems. 

 

Keywords: Advanced Driver Assistance Systems (ADAS), YOLO Object Detection,Traffic Sign   
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I. INTRODUCTION 

Road safety has become one of the most pressing global concerns in recent years due to the rapid growth of vehicular 

traffic and urban congestion. A significant number of accidents occur because of human error, delayed reactions, poor 

visibility, and lack of driver awareness. To address these challenges, intelligent driver assistance systems have emerged 

as effective tools to enhance safety by providing real-time alerts and environment awareness. 

The Smart Road Assistance System (SRAS) developed in this project is a computer vision and deep learning–based 

solution designed to enhance driving safety using a camera-only approach. The system captures live road video and 

performs real-time detection of vehicles, pedestrians, traffic signs, traffic lights, lanes, and potholes using models such 

as YOLOv8 for object detection and CNNs for traffic sign and light recognition. The processed results are displayed on 

a Graphical User Interface (GUI) that provides visual overlays and alerts to the driver. This integrated, cost-effective, 

and scalable solution demonstrates how computer vision and deep learning can be effectively applied to real-time driver 

assistance, situational awareness, and accident prevention. 

 

II. MOTIVATION 

The exponential growth of vehicles on roads has significantly increased traffic congestion and accident rates. Existing 

ADAS solutions are limited to premium vehicles and often focus only on specific features such as collision avoidance 

or lane departure warnings. Advances in deep learning (YOLO, CNNs, Mask R-CNN) and affordable sensing 

technologies (cameras, LiDAR, UAVs) offer an opportunity to design a low-cost, unified Smart Driver Assistance 

System capable of detecting objects, pedestrians, traffic signs/lights, road anomalies, and estimating distances in real 

time. The motivation behind this research is to develop a comprehensive, accessible, and real-world deployable SDAS 

that can improve road safety and reduce accident risks 
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III. LITERATURE SURVEY 

Paper Dataset Method Model Result / Performance 

Assemlali et al., 

2025 

Multiple road obstacle

datasets 

Systematic Literature 

Review 

Survey/Review Gaps: focus on potholes only,

limited multimodal fusion 

Wang et al.,

2024 

Road/vehicle datasets Object detection YOLOv4 

(improved variant) 

Higher mAP, faster inference vs.

baseline YOLOv4 

Güney et al.,

2022 

GTSRB + 

custom dataset 

Real-time GPU 

deployment 

YOLOv5 

(optimized) 

Real-time detection on mobile 

GPUs, good accuracy 

Silva et al., 2023 UAV images Deep learning 

detection 

CNN-based Robust road damage detection

from aerial images 

Dolatyabi et al., 

2025 

Multiple (KITTI, 

Cityscapes, etc.) 

Review of DL 

methods 

Survey/Review Strengths & limitations in traffic 

scene understanding 

Ma et al., 2022 Multiple pothole 

datasets 

Review of 2D/3D/DL 

methods 

Survey/Review CNNs & multi-modal methods 

outperform classical approaches 

Singh & 

Shekhar, 2018 

RDD dataset 

(BigDataCup) 

Instance segmentation Mask R-CNN F1 ≈ 0.53 @ IoU 0.5; 

effective smartphone road 

damage detection 

Karukayil et al., 

2024 

RGB + LiDAR 

+ GNSS 

Sensor fusion CNN + LiDAR 

fusion 

Improved accuracy & 

localization vs. vision-only 

 

Gap Identification in Current Research: 

1. Accuracy vs. Speed Trade-off – YOLO variants achieve high accuracy but real-time performance on embedded 

devices is challenging.  

2. Road Damage Detection Limitations – Most works focus on potholes or cracks individually; very few offer multi-

class road anomaly detection.  

3. Traffic Scene Challenges – Occlusion, adverse weather, and lighting variability remain difficult.  

4. Deployment Issues – Many studies show accuracy but lack real-time embedded feasibility.  

Identified Gap: There is no comprehensive real-time multimodal SDAS integrating object detection, traffic sign/light 

recognition, lane detection, pothole classification, and distance estimation.  

Solution : We are solving the problem of integrating object detection, traffic sign recognition, lane detection, road 

damage detection, and distance estimation into a single real-time, embedded, and deployable SDAS framework 

 

IV. PROBLEM DEFINITION 

Road traffic accidents and inefficiencies in navigation remain major challenges due to human error, distracted driving, 

and lack of real-time decision-making support. There is a growing need for an intelligent, affordable, and scalable 

system that can assist drivers by understanding road conditions, detecting critical elements like lanes, traffic lights, 

signs, potholes, and nearby objects to enhance safety and navigation. 

 

V. OBJECTIVES 

 Develop real-time system for Road Assistance for Driver. 

 Recognize and classify traffic signs (e.g., speed limits, no entry, turns). 

 Optimize for real-time deployment on embedded platforms. 

 Evaluate system performance using standard datasets and real-world scenarios. 

 Build a model to detect potholes in video frames 
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VI. MATHEMATICAL MODEL  

1. Input and Preprocessing 

The camera captures a continuous sequence of frames: 

� = {��, ��, ��, . . . , ��} 
 

Each frame ��is preprocessed as: 

�(��) = Normalize(Resize(��)) 
 

This ensures that all input images are standardized in size and brightness for consistent detection accuracy. 

 

2. Distance Estimation Model 

For distance estimation, the mathematical model is based on the pinhole camera geometry: 

���� =
� × �

�
 

Where, 

����→ estimated distance to the object (in meters) 

�→ actual width of the object (known or predefined) 

�→ focal length of the camera 

�→ perceived width of the object in pixels 

This helps the system determine proximity and trigger safety alerts if the detected object is too close. 

 

3. Fusion and Decision Layer 

The fusion layer integrates outputs from all detection modules: 

� = �(����, �����, ������, �����, ��������) 

 

It applies decision logic such as: 

� = {
Stop Alert, if red light or obstacle ahead

Caution Alert, if pothole or lane drift detected
Safe, otherwise

 

 

 

4. Traffic Sign and Light Recognition (CNN Classifier) 

The CNN model processes each detected region (ROI) to classify it as a traffic sign or signal. 

For each input region �, CNN computes: 

�(�) = �(�(�) ∗ �(���) + �(�)) 
Where, 

�(�)→ weights of layer � 

�(�)→ bias term 

�(⋅)→ activation function (ReLU: �(�) = max (0, �)) 

∗→ convolution operation 

The final classification output uses the Softmax function: 

�(�� ∣ �) =
���

∑� ���
 

 

where �(�� ∣ �)gives the probability of the sign belonging to class �. 
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VII. RELEVANT MATHEMATICAL MODEL 

Performance Evaluation Metrics (Mathematical Formulas) 

To evaluate model performance, the following metrics are used: 

Precision 

��������� =
��

�� + ��
 

 

Recall 

������ =
��

�� + ��
 

 

F1-Score 

�1 = 2 ×
��������� × ������

��������� + ������
 

 

Mean Average Precision (mAP) 

��� =
1

�
�

�

���

��� 

 

Intersection over Union (IoU) 

��� =
�����������

���������

 

 

These formulas quantitatively measure the system’s detection accuracy, reliability, and speed 

 

VIII. SOFTWARE REQUIREMENT SPECIFICATION 

 Programming Language: Python 

 Frameworks: PyTorch / TensorFlow 

 Libraries: OpenCV, Pillow (PIL), NumPy, Scikit-learn 

 Hardware: GPU-enabled system (NVIDIA preferable) 

 Dataset: KITTI, BDD100K (vehicles/lanes), GTSRB (traffic signs), RDD2022, UAV road damage datasets 

(potholes) 

 

IX. UML DIAGRAMS 

Use Case Diagram 

Purpose: Shows the interaction between the Driver (user) and the System (SDAS). 

Actors: 

 Driver (Primary user) 

Use Cases: 

 Capture Video Feed 

 Detect Objects 

 Recognize Traffic Signs 

 Detect Traffic Lights 

 Detect Lanes & Potholes 

 Estimate Distance 

 Display Alerts 
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Description: 

The driver interacts with the system, which performs all detection, processing, and alert operations automatically. 

 

Class Diagram 

Purpose: Shows the static structure – classes, attributes, and relationships. 

 
Relationships: 

 SmartDriverSystem → uses Preprocessor, DetectionModule, GUIHandler, OutputManager. 

 DetectionModule → communicates with FusionLayer. 

 GUIHandler → displays results from FusionLayer. 
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Activity Diagram: 

Purpose: Describes the flow of control through the system. 

 
 

Eplanation: 

Step-by-step process of how the system runs — from capturing frames to displaying alerts 

 

X. DESIGN DOCUMENT 

Architecture Components :  

Input Layer → Preprocessing → Detection Modules → Fusion Layer → GUI → Output (alerts, logs, overlays). 

 

Workflow Diagram: 
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Architecture Components 

Input Layer 

 Captures live video or camera feed. 

 Source: Webcam / Dash camera. 

Preprocessing 

 Enhances frames before detection. 

 Operations: Resize, Denoise, ROI extraction. 

Detection Modules 

 Core intelligence of the system. 

Includes: 

 Object Detection (YOLOv8) – Detects vehicles, pedestrians, obstacles. 

 Traffic Sign Recognition (CNN) – Identifies speed limits, stop, no entry, etc. 

 Traffic Light Detection (Color + CNN) – Detects red/yellow/green lights. 

 Lane & Pothole Detection (YOLO/CNN) – Finds road lanes and potholes. 

 Distance Estimation (Depth Formula) – Calculates distance to nearby objects. 

Fusion Layer 

 Integrates results from all detectors. 

 Removes duplicates and applies decision logic. 

GUI Layer (Tkinter) 

 Displays live video with overlays and system status. 

 Provides Start/Stop buttons and logs. 

Output Layer 

 Gives alerts, visual overlays, and logs. 

 Alerts include: Stop, Lane Drift, Pothole Ahead, etc 

 

XI. IMPLEMENTATION DETAILS 

1. Dataset Details 

Module Dataset Used Description Data Type Source / Format 

Object Detection 

(YOLOv8) 

COCO / KITTI 

Dataset 

Includes vehicles, 

pedestrians, and road 

objects 

Image (.jpg/.png), 

JSON labels 

COCO dataset 

(Common Objects in 

Context) 

Traffic Sign 

Recognition (CNN) 

GTSRB (German 

Traffic Sign 

Recognition 

Benchmark) / Indian 

Traffic Sign Dataset 

Contains images of 

speed limits, stop, no 

entry, turn, etc. 

Image (.ppm/.jpg), 

CSV labels 

Kaggle / OpenML 

Traffic Light 

Detection 

Custom Dataset or 

LISA Traffic Light 

Dataset 

Red, yellow, and 

green signal images 

Image (.jpg/.png) Kaggle or Roboflow 

Lane Detection TuSimple Lane 

Dataset 

Contains road lane 

markings under 

different lighting 

conditions 

Image (.jpg), JSON 

coordinates 

TuSimple 

Benchmark 

Pothole Detection Pothole-600 / Indian 

Roads Pothole 

Dataset 

Road surface images 

with pothole and 

non-pothole labels 

Image (.jpg), 

XML/CSV 

annotations 

Kaggle / Roboflow 
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Distance Estimation Derived Data from 

YOLO Bounding 

Boxes 

Calculated distance 

using object width 

and camera 

parameters 

Numeric (float) Computed in real-

time 

 

Dataset Summary 

 Total size: ~10,000 – 15,000 images (combined) 

 Data type: RGB images with labeled annotations 

 Preprocessing: 

 Image resizing (640×640) 

 Normalization (0–1 range) 

 Augmentation (flip, rotate, brightness) 

 Splits: 

  Train: 70% 

  Validation: 20% 

  Test: 10% 

 

Methodology : 

Input Acquisition 

 Capture live video feed using a dashcam or mobile IP camera. 

 Ensure system compatibility with real-time streaming. 

Preprocessing 

 Convert frames to required formats (RGB/HSV, resizing, normalization). 

 Apply noise reduction and image enhancement for better detection in varied conditions. 

Object Detection (YOLOv8) 

 Detect vehicles, pedestrians, and traffic lights. 

 Use bounding boxes and confidence scores for accurate recognition. 

Traffic Sign and Light Recognition (CNN Classifier) 

 Extract Regions of Interest (ROIs) from frames. 

 Classify traffic signs (e.g., speed limits, stop, no entry) and lights (red, yellow, green). 

Pothole and Road Damage Detection (Mask R-CNN / YOLO) 

 Segment and classify potholes, cracks, or other road anomalies. 

 Highlight damaged regions on the live feed. 

Integration and GUI Development 

 Build a Tkinter-based interface with Start/Stop buttons. 

 Display real-time video with detections, alerts, and logs. 

Evaluation 

 Measure system performance using mAP, IoU, Precision, Recall, F1-score, and FPS. 

 Test under multiple conditions (day/night, rain, occlusion). 

 

XII. TEST SPECIFICATION  

 Performance Metrics:  

 Accuracy: Precision, Recall, F1-score. 

 Object Detection: mAP (mean Average Precision), IoU (Intersection over Union). 

 Classification: Sign recognition accuracy. 

 Speed: FPS (Frames per Second). 
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 Reliability: Crash-free continuous operation. 

 

Evaluation:  

 Models tested on standard datasets (KITTI, GTSRB, RDD2022, BDD100K). 

 Compared performance against baseline approaches (YOLOv4, Faster R-CNN). 

 Evaluated under different lighting and weather conditions. 

 Measured both accuracy and real-time feasibility on Jetson hardware. 

 

Scenarios 

 Daytime driving → normal accuracy, stable detection. 

 Night driving → tested robustness in low light. 

 Rainy/wet roads → impact on lane and pothole detection. 

 Occlusion → partial vehicle/pedestrian hidden. 

 Curved roads → lane detection reliability. 

 

Testing Parameters : 

 

 

 

 

 

 

 

 

 

 

XIII. CONCLUSION 

The project developed a Smart Driver Assistance System (SDAS) that combines object detection, traffic sign 

recognition, lane detection, pothole detection, and distance estimation into one framework. By using computer vision 

and deep learning, the system works in real time and provides accurate road safety support. Unlike existing works that 

focus on single tasks, this project delivers a comprehensive and practical solution optimized for embedded deployment. 
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