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Introduction:

Road maintenance plays a crucial role in ensuring transportation safety and efficiency.
Among various road issues, potholes are one of the most common and dangerous
hazards, causing accidents, vehicle damage, and increased maintenance costs.
Traditional methods of pothole detection and reporting rely heavily on manual

inspection, which is time-consuming, resource-intensive, and prone to human error.

To address these challenges, our project proposes a real-time pothole detection and
mapping system using deep learning and geospatial analytics. The system leverages
the YOLO (You Only Look Once) object detection algorithm to identify potholes from
live video feeds captured via roadside cameras or drone surveillance. Once detected,
the pothole data is geotagged and stored in a PostgreSQL database with PostGIS for

spatial analysis.

A Flask-based web application is developed to serve as the backend, which handles
image processing and detection tasks. The frontend, built using JavaScript and
Leaflet.js, presents an interactive map where detected potholes are visualized with
precise GPS coordinates. This map helps authorities track and manage pothole data

more efficiently.
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The proposed system automates the detection and monitoring process, thereby
improving maintenance response time, reducing costs, and enhancing road safety.
With potential applications in smart city infrastructure and urban planning, this project

exemplifies the integration of Al and GIS technologies for public welfare.

Video Captun:e Deep Learning Mapping

-

Deep Learnin PostareSaL &

Figure 1: Pothole Detection and Mapping Ssytem

Objectives:

1. To develop a real-time pothole detection system using the YOLO deep learning

algorithm.
2. To capture and analyze road video footage using cameras or drones.
3. To geotag detected potholes using GPS coordinates.

4. To store and manage pothole data in a PostgreSQL database with PostGIS for

spatial analysis.
5. To visualize pothole locations on an interactive map using Leaflet.js.

6. To create a scalable solution that helps municipalities monitor and maintain road

infrastructure efficiently.
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Methodology:

The development of the pothole detection and mapping system followed a structured
approach involving data collection, model training, real-time detection, data storage,

and visualization.

1. Data Collection and Annotation:

e The dataset was gathered from various online sources such as Kaggle,

Roboflow, and other open-access repositories.

e Images depicting diverse road conditions and pothole types were included to

improve model robustness.
7. Model Training:
e YOLOVS, a state-of-the-art object detection model, was used for training.
e The dataset was split into training and validation sets.

e Training was carried out on Google Colab using a GPU runtime for faster

processing.
8. Real-Time Detection Setup:
e A video stream was captured through a webcam or external camera.
e JavaScript was used on the frontend to continuously capture frames.

e These frames were sent to the Flask backend via HTTP requests, where the

trained model processed them and returned the detection results.
e Detected potholes were marked with bounding boxes and confidence scores.
9. Geolocation and Database Integration:

e Each detection was associated with GPS coordinates, either through manual

input or from embedded metadata.

e PostgreSQL with PostGIS extension was used to store pothole data, enabling

spatial queries and efficient geolocation management.
10.Map Visualization:
¢ An interactive map interface was created using Leaflet.js.

e Pothole locations stored in the database were retrieved and displayed as

markers on the map.
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e Each marker showed metadata such as date, time, and detection confidence.
11.Deployment:

e The Flask backend, detection model, and frontend map were integrated into

a single system.

e The project runs on a local server and can be deployed to a cloud

environment for broader use.
Result and Conclusion:

The proposed pothole detection and mapping system was successfully implemented
and tested. The YOLOv8 model demonstrated high accuracy in detecting potholes
from road images and video feeds, achieving reliable performance under various
lighting and environmental conditions. The model was able to detect multiple potholes

in a single frame and return results in real-time with minimal latency.

Integration with the Flask backend allowed for smooth handling of video frames, and
detections were accurately returned to the frontend. Geolocation tagging using GPS
data worked effectively, ensuring that each detection was properly mapped. The

PostgreSQL + PostGIS database efficiently stored and queried spatial pothole data.

The interactive map built using Leaflet.js enabled clear visualization of pothole
locations, which would assist municipal authorities in planning repairs. The system
reduced the need for manual inspections and made real-time pothole tracking more

practical and scalable.

In conclusion, this project demonstrates a functional, Al-powered system that can
automate road inspection tasks and support smart city infrastructure. It bridges the gap
between artificial intelligence and geographic information systems (GIS) to enhance

road safety and maintenance operations.

Project Outcome & Industry Relevance:

The pothole detection and management system developed through this project
leverages real-time video capture, machine learning (YOLO model), and geospatial
data management (PostgreSQL with PostGIS). This solution automates the

identification and location mapping of potholes, offering significant cost and time
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savings in road maintenance. By integrating Leaflet.js, it allows for the visualization of
pothole locations on an interactive map, providing an easy-to-use interface for
decision-makers to track, manage, and prioritize repairs. This system is relevant to
industries such as transportation, urban planning, and smart cities, where efficient
infrastructure maintenance is crucial. The project aligns with industry trends toward
automation, data-driven decision-making, and predictive maintenance, thereby

contributing to improved public services and road safety.

Working Model vs. Simulation/Study:

This project involves the development of a physical working model, utilizing real-time
video feeds from cameras or drones to detect potholes on road surfaces. The system
processes video frames using a YOLO-based model for object detection and integrates
data with a PostgreSQL database for storage and geospatial analysis. Additionally, an
interactive map provides real-time visualization of pothole locations. This working
model is not merely a theoretical study or simulation but is a tangible system designed

for real-world application.

Project Outcomes and Learnings:

The key outcomes of this project include:

1. Real-Time Pothole Detection: Successful implementation of a real-time pothole
detection system using YOLO, which processes video frames to identify

potholes accurately.

2. Geospatial Data Management: Integration of PostgreSQL and PostGIS for
effective geospatial data storage and retrieval, allowing for efficient

management of pothole data.

3. Interactive Visualization: Deployment of Leaflet.js for creating an interactive

map, enabling users to view detected potholes on a map in real time.

4. Scalability and Automation: The system can be scaled to cover large road
networks, and automated detection reduces manual efforts and improves

maintenance planning.
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From the process of designing, implementing, and analyzing the system, | have
learned valuable insights into integrating machine learning models with backend
systems, working with geospatial data, and developing user-friendly interfaces. | also
gained experience in database management, real-time data processing, and the
practical challenges of deploying such a system in real-world settings. The project
reinforced the importance of interdisciplinary knowledge, combining computer vision,

software development, and urban planning.

Future Scope:
The future scope of this project includes:

1. Severity Classification: Integrating a classification model to assess the depth

and size of potholes to help prioritize repairs based on urgency.

2. Mobile App Integration: Developing a mobile application to allow citizens to

contribute real-time pothole data, supporting crowdsourced monitoring.

3. Automated GPS Tagging: Adding support for GPS modules in mobile devices

or drones to automatically tag potholes during video capture.

4. Predictive Maintenance: Using historical data and machine learning algorithms

to predict pothole development and suggest preventive maintenance.

5. Edge Device Deployment: Optimizing the model to run on edge devices like

Raspberry Pi for low-power, in-field operation without internet dependency.

6. Integration with Government Systems: Linking the system to municipal repair

scheduling software for real-time ticket generation and work order creation.

7. Extended Road Hazard Detection: Expanding detection to include other road

hazards like cracks, bumps, waterlogging, or faded road markings.

8. Cloud-Based Dashboard: Building a cloud platform for centralized monitoring

across different zones and cities.

9. Drone-Based Monitoring: Automating aerial surveys using drones equipped with

cameras to cover larger road networks efficiently.

10.Public Alert System: Sending notifications to navigation apps to alert drivers of

potholes ahead, improving road safety.
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