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cracks pose serious challenges to Lo . .
road cracks are highlighted with bounding

transportation safety, vehicle

boxes and confidence scores to provide

performance, and infrastructure

clear visual identification. An integrated
management. Delayed identification of . .

audio alert mechanism generates a beep
these defects often leads to traffic . . .
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performs accurate and real-time detection

of road surface defects using the YOLOv3-
Tiny object detection model. The proposed
framework processes live video streams

captured through a mobile or IP camera
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INTRODUCTION

Road transportation is a fundamental
component of modern infrastructure,
supporting economic development and
daily mobility. However, road surface
defects such as potholes and cracks
significantly affect traffic safety, driving
comfort, and maintenance efficiency. These
defects can result in vehicle damage,
accidents, traffic congestion, and increased
repair costs if not detected at an early stage.
Conventional road inspection methods
primarily depend on manual surveys, which
are labor-intensive, time-consuming, and
incapable of providing continuous
monitoring across extensive road networks.
Recent advances in deep learning and
computer vision have enabled automated
road defect detection with improved
accuracy and speed. This paper presents
a Deep Learning-Based Automated Pothole
and Road Crack Detection System based on
the lightweight YOLOvV3-Tiny model for
real-time detection of road defects. The
proposed system processes live video
streams captured through a mobile or IP
camera using OpenCV and displays
detected potholes and cracks with bounding
boxes and confidence scores. A Flask-based
web application and audio alert mechanism
further enhance usability, providing an
efficient, scalable, and cost-effective

solution for intelligent road monitoring.
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LITERATURE REVIEW

Road surface defect detection has attracted
significant research interest due to its
importance in improving transportation
safety and reducing maintenance costs.
Early  studies  primarily = employed
traditional image processing techniques,
including edge detection, thresholding, and
morphological operations, to identify
potholes and road cracks from static
images. Although these methods offered
low computational complexity, their
performance was highly affected by
variations in illumination, shadows, and
road textures. To address these limitations,
machine

learning  approaches  were

introduced, enabling feature-based
classification of road defects with improved
accuracy. More recently, deep learning
models, particularly Convolutional Neural
Networks (CNNs), have demonstrated
superior performance by automatically
learning discriminative features from large-
scale datasets. Object detection algorithms
such as YOLO have further enhanced
detection speed and localization accuracy,
making real-time road monitoring feasible.
However, many existing systems are
limited to offline image datasets or lack
integrated alert mechanisms for practical
deployment. The proposed  system
overcomes these limitations by utilizing the

lightweight YOLOv3-Tiny model to detect

870


https://ijerst.org/index.php/ijerst

Int. J. Engg. Res. & Sci. & Tech. 2026, ISSN 2319-5991

% International Journal of Engineering Research and Science & Technology

both potholes and road cracks from live
video streams. Integrated
with OpenCV and a Flask-based web
application, the system provides real-time
visualization, confidence-based detection,
and audio alerts, offering an efficient and

scalable solution for intelligent road

infrastructure monitoring.
RELATED WORK

Several researchers have  proposed
automated methods for detecting potholes
and road cracks using image processing,
machine learning, and deep learning
techniques. Early studies focused on
traditional 1image processing methods,
including edge detection, thresholding, and
segmentation, to identify road defects from
static images. Although these approaches
were computationally simple, their
accuracy was affected by varying lighting
conditions and complex road textures.
Later, machine learning and Convolutional
Neural Network (CNN)-based models
improved detection performance by
automatically  extracting = meaningful
features from road images. Recent studies
have employed advanced object detection
algorithms such as YOLOvVS, YOLOv7, and
YOLOvV8 to achieve faster and more
accurate road damage detection. However,
many existing approaches are limited to

offline datasets, require high computational

resources, or lack practical deployment for
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continuous monitoring. The proposed Deep
Learning-Based Automated Pothole and
Road Crack Detection System addresses
these limitations by utilizing the
lightweight YOLOvV3-Tiny model with
OpenCV and a Flask-based web application
to perform real-time detection from live
video streams while providing visual
localization and instant audio alerts for

enhanced road safety.
EXISTING METHOD

Existing road defect detection systems
primarily rely on manual inspections,
traditional 1image processing, machine
learning, or sensor-based techniques to
identify potholes and road cracks. Manual
surveys are  labor-intensive,  time-
consuming, and unsuitable for monitoring
large road networks. Image processing
methods, such as edge detection,
thresholding, and segmentation, are
computationally simple but are highly
sensitive to changes in lighting, shadows,
and road textures. Machine learning
approaches improve detection accuracy by
extracting handcrafted features; however,
they require extensive feature engineering
and often struggle with complex road
environments. Sensor-based systems using
accelerometers, vibration sensors, or laser
scanners increase deployment costs and
require specialized hardware. Although

recent deep learning models have achieved
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better performance, many existing solutions
are limited to offline image datasets and

lack real-time deployment capabilities.
PROPOSED METHOD

The proposed Deep Learning-Based
Automated Pothole and Road Crack
Detection System utilizes the YOLOv3-
Tiny deep learning model to detect road
surface defects accurately and in real time.
A mobile or IP camera continuously
captures live road video, which is processed
frame by frame using the OpenCV Deep
Neural Network (DNN) module. Each
frame undergoes preprocessing, including
resizing and normalization, to improve
detection performance under varying road
conditions. The trained YOLOV3-Tiny
model identifies potholes and road cracks,
generating bounding boxes and confidence
scores for precise localization. Whenever a
defect is detected, the system triggers an
audio beep alert to notify the user
immediately. The entire framework is
integrated into a Flask-based web
application, enabling live video streaming

and real-time visualization through a web

browser. This automated approach
minimizes manual inspection, improves
detection accuracy, enhances road safety,
and provides a cost-effective and scalable
solution for intelligent road infrastructure

monitoring.

SYSTEM ARCHITECTURE

The below block diagram shows how the

system works in a detailed way.
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Figure 1: System Architecture
METHODOLOGY DESCRIPTION
Module 1: Video Acquisition

The system captures live road video using a
mobile or IP camera, providing continuous
input for real-time pothole and road crack

detection.
Module 2: Image Preprocessing

Video frames are resized, normalized, and
enhanced using OpenCV to improve image
quality and ensure accurate feature

extraction.
Module 3: Defect Detection

The YOLOV3-Tiny model detects potholes
and road cracks by identifying road defects
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and generating bounding boxes with

confidence scores.
Module 4: Alert and Visualization

Detected defects are displayed on the live
video stream, and an audio beep alert is

generated to notify users immediately.
Module 5: Web-Based Deployment

The detection system is deployed using
a Flask web application, enabling real-time
monitoring and user interaction through a

browser.

RESULTS AND DISCUSSION:

Figure 2: Flask Server Execution

The Flask server is successfully launched,
indicating the correct deployment of the

proposed road defect detection system. The

application is initialized to perform real-
time pothole and road crack detection

through the integrated web interface.

.=+ Al Powered Road Damage Detection
System

Real-Time Pothole & Crack Detection using Deep Leaming

= About Potholes & y
Cracks # Start Dﬁg

Figure 3: Home Page

Vol. 22, No.3(1), 2026

This figure illustrates the home page of the
proposed Deep Learning-Based Automated
Pothole and Road Crack Detection System.
The interface provides users with options to
access system information and initiate real-
time road defect detection through an

intuitive and user-friendly web application.

B About Road Damage

About Potholes About Cracks Return Home

Potholes

A Safety Hazards: Potholes cause severe traffic accidents by forcing drivers to swerve abruptly. #
Structural Failure: Water penetration through potholes rapidly destroys lower pavement layers. #%
Project Delays: Existing road damage slows down construction transport and logistics. @ Financial
Cost: Left untreated, small potholes escalate into expensive full-depth road reconstruction. ¢ Public

Reputation: Poor road conditions during major projects trigger heavy community complaints.

Figure 4: About Road Damage Page

This figure presents the About Road
Damage page, which provides detailed
information on potholes and road cracks,
including their causes, impacts, and safety
hazards. The interface enables users to
access defect-related information through a

simple and user-friendly navigation system.

= Al Road Damage
Detection

Deep Learning Based Pothole & Crack Detection

B Create Account

“4 Return Home

Figure 5: User Authentication Page
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This  figure illustrates the  User

Authentication page of the proposed
secure Sign

system, providing

In and Create Account functionalities
before accessing the road damage detection
module. The interface ensures
authenticated user access while enabling

seamless navigation to the home page.

By Sign In

Manasa Jagardamudi

+ Login

P Create Account

h Return Home

Figure 6: Sign In Page

This figure illustrates the Sign In page of
the proposed system, where registered users
securely authenticate using their credentials
to access the road damage detection
module. The interface also provides options
for account registration and navigation to

the home page.

& Al Real-Time Pothole Detection

Figure 6: Live Video Streaming and

Real-Time Road Damage Detection
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This figure illustrates the Live Video
Streaming and Real-Time Road Damage
Detection interface of the proposed system,
where users can initiate or terminate video
streaming and monitor road conditions
through a web-based application. The
system automatically detects potholes and
road  cracks using  the YOLOv3-
Tiny model, displaying bounding boxes
with confidence scores to facilitate accurate

and real-time road defect identification.
CONCLUSION

The
Automated Pothole and Road Crack

proposed Deep Learning-Based

Detection System accurately detects road

surface defects in real time

the YOLOv3-Tiny model and live video

using

streaming. The integration of OpenCV and
a Flask-based web application enables
efficient visualization and instant alerts,
improving road safety and monitoring. The
system provides a scalable, cost-effective,
and intelligent solution for automated road

infrastructure maintenance.
FUTURE SCOPE

The proposed system can be enhanced by
integrating GPS-based location tracking to

automatically record the geographic

coordinates of detected potholes and road
cracks. Future improvements may include
deploying advanced deep learning models
as YOLOv8 to  achieve

such higher
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detection accuracy and robustness under
diverse road conditions. Additionally,
cloud-based data storage and smart city
integration can enable centralized road
monitoring, predictive maintenance, and

automated reporting to road authorities.
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