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Abstract: Potholes are a major cause of road accidents, vehicle damage, and traffic congestion in urban transportation networks.
Traditional road inspection methods rely on manual surveys and citizen complaints, which are often inefficient and time-
consuming. This paper proposes an intelligent pothole detection and mapping system designed for the Nagpur Municipal
Corporation (NMC) using deep learning and Internet of Things (1oT) technologies. The proposed system integrates an edge
computing device equipped with a camera module, GPS receiver, and GSM communication module to automatically detect
potholes and transmit their geographical location to a central server. A YOLOV8 object detection model is employed to identify
potholes from road images with high accuracy while maintaining real-time processing capability. Detected pothole locations are
visualized on a Geographic Information System (GIS) dashboard that enables municipal authorities to monitor road conditions
and prioritize repair operations. The proposed solution provides a scalable, cost-effective, and automated approach for road
infrastructure monitoring, contributing to improved road safety and efficient urban maintenance management.
Keywords: Pothole Detection, Deep Learning, YOLO, Object Detection, GPS, GIS, Smart City, Nagpur Municipal Corporation,
loT.

. INTRODUCTION
Urban road infrastructure plays a crucial role in supporting economic activity, transportation efficiency, and public safety. In rapidly
growing cities such as Nagpur, road deterioration and pothole formation have become significant challenges due to heavy rainfall,
increasing vehicle traffic, and aging infrastructure. Potholes not only damage vehicles but also increase the risk of traffic accidents
and reduce overall transportation efficiency. Conventional pothole detection methods primarily rely on manual inspections and
public complaints reported to municipal authorities. These approaches often result in delayed detection and inefficient maintenance
scheduling. Furthermore, manual inspection requires significant labor resources and cannot guarantee complete road coverage
across a large urban environment. Recent advances in computer vision and deep learning have enabled automated detection of road
surface defects using camera-based systems. Object detection models such as YOLO (You Only Look Once) and SSD have
demonstrated strong performance in detecting road damage from images and video streams. However, many existing studies focus
mainly on detection accuracy and do not provide a complete system that integrates detection, localization, data transmission, and
visualization for municipal authorities. To address this limitation, this paper proposes an end-to-end pothole detection and mapping
system designed specifically for the Nagpur Municipal Corporation (NMC). The system combines deep learning-based detection
with GPS-based geolocation and a GIS visualization dashboard. The objective is to provide municipal engineers with real-time
information about pothole locations, enabling faster maintenance response and improved road safety.

1. PROBLEM DEFINITION
The primary objective of this work is to develop an automated and scalable system capable of detecting potholes in real time and
reporting their precise geographical location. Several technical challenges must be addressed to achieve this objective.
First, pothole detection must remain accurate under varying environmental conditions such as different lighting levels, shadows,
rain, and diverse road textures. These variations can significantly affect computer vision performance.
Second, the detection system must operate in real time on an edge computing platform with limited computational resources.
Efficient deep learning models are required to ensure fast processing without compromising accuracy.
Third, the solution must remain cost-effective for large-scale deployment across municipal vehicles. High-cost sensors such as
LiDAR are not feasible for city-wide implementation, making camera-based solutions more practical.
Finally, the detected pothole information must be transmitted, stored, and visualized in an intuitive manner for municipal authorities.
A centralized platform is required to manage pothole data, monitor repair status, and support decision-making processes.
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1. LITERATURE REVIEW
Several approaches have been proposed for automated road damage detection, generally categorized into sensor-based methods and
vision-based methods.
Sensor-based approaches utilize accelerometers, vibration sensors, or ultrasonic sensors to detect road irregularities. For example,
smartphone-based systems use accelerometer readings to identify abnormal vehicle vibrations that may indicate potholes. Although
these techniques are relatively inexpensive, they often produce false detections caused by speed breakers, uneven roads, or vehicle
motion dynamics.
Vision-based methods rely on cameras to capture road images and apply image processing techniques to detect surface defects.
Early studies employed traditional computer vision techniques such as edge detection, segmentation, and texture analysis. However,
these approaches are sensitive to lighting variations and often fail to generalize across different road conditions.
With the development of deep learning, convolutional neural networks (CNNs) have significantly improved object detection
capabilities. Modern object detection frameworks such as YOLO and SSD can detect and localize objects in real time using
bounding boxes. These models have been successfully applied to pothole detection tasks and have demonstrated high detection
accuracy and fast inference speeds.
Despite these advancements, most existing research focuses only on the detection algorithm and does not address the complete
workflow required for practical deployment. There is limited research on integrating deep learning detection with GPS localization,
cloud data storage, and GIS-based visualization for municipal authorities.
The proposed work aims to fill this gap by developing an integrated system that combines real-time pothole detection, geolocation,
cloud data management, and a user-friendly GIS dashboard for road maintenance monitoring.

V. PROPOSED SYSTEM ARCHITECTURE AND METHODOLOGY
The proposed system consists of four major components: an on-vehicle data acquisition unit, a pothole detection module, a data
transmission module, and a centralized GIS monitoring dashboard.

A. On-Vehicle Hardware Module

The hardware unit is installed on municipal vehicles such as buses or garbage collection trucks that travel regularly across city

roads. The system includes the following components:

1) Processing Unit: A Raspberry Pi 4 is used as the edge computing device responsible for running the pothole detection model
and controlling the system components.

2) Image Acquisition Unit: A 1080p wide-angle USB camera captures continuous road images and video frames for analysis.

3) Localization Module: A U-Blox NEO-6M GPS receiver provides real-time geographic coordinates corresponding to detected
potholes.

4) Communication Module: A SIM800L GSM/GPRS module transmits pothole detection data to the cloud server for further
processing and visualization.

B. Software Methodology and Workflow

The system's operation follows a systematic workflow:

1) Data Collection and Dataset Preparation: To develop a robust model, we will employ a two-stage transfer learning
methodology. A base model will first be trained on the large, publicly available Kaggle dataset "Potholes Detection YOLOVS,"
which contains over 2,000 diverse images. This provides a strong, generalized feature foundation. Subsequently, to specialize
the model for our target environment, we will fine-tune and test it on a smaller, custom dataset of images captured from
Nagpur's roads. This hybrid approach ensures both general robustness and local-specific accuracy, making the system highly
relevant for the NMC.

2) Pothole Detection using YOLOv8: YOLOWVS is selected as the object detection model due to its high accuracy and real-time
performance. The model is trained using a transfer learning approach.

A publicly available pothole dataset containing more than 2000 annotated images is used for initial training. The model is further

fine-tuned using images collected from Nagpur roads to improve performance under local environmental conditions.

During operation, the camera continuously captures frames which are processed by the YOLOv8 model. When a pothole is detected

with a confidence score greater than the predefined threshold, the system records the corresponding GPS coordinates and generates

a detection report.
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The dataset was divided into training (70%), validation (20%), and testing (10%).
The YOLOV8 model was trained for 100 epochs with a batch size of 16 and a learning rate of 0.001.
Data augmentation techniques such as flipping, rotation, and brightness adjustment were applied to improve model robustness.

3) Real-Time Execution Loop

0 The camera continuously captures the video stream.

0 Each frame is fed into the YOLOV8 model running on the Raspberry Pi.

o If the model detects a pothole with a confidence score above a predefined threshold (e.g., 85%), the system flags a positive
detection.

o0 Upon detection, the GPS module is queried to get the current coordinates. To avoid duplicate entries for the same pothole, a
simple tracking algorithm will ensure a pothole is reported only once per pass.

0 A data packet is created in JSON format, containing the timestamp, latitude, longitude, and a unique device ID.

4) Data Transmission and Storage

Each pothole detection event is converted into a structured data packet containing the following information:

Timestamp

Latitude and longitude

Detection confidence score

o Device identification number

This data is transmitted to a cloud server where it is stored in a PostgreSQL database with PostGIS support for efficient geospatial
data management.

C. GIS Dashboard

A web-based GIS dashboard provides a visual representation of pothole locations on a digital map. The dashboard enables
municipal engineers to monitor road conditions and manage maintenance activities.

Key features include:

e Map visualization of detected potholes

e Color-coded repair status indicators

Data filtering by date and location

o  Statistical analysis of pothole distribution

This interface helps municipal authorities prioritize road repairs and monitor infrastructure conditions in real time.

V. APPLICATIONS AND ADVANTAGES
The proposed system offers several advantages:
1) Continuous monitoring of road conditions without manual inspection
2) Reduction in road accidents through early detection
3) Improved operational efficiency and reduced labor cos
4) Data-driven decision making for maintenance planning
5) Integration with smart city infrastructure systems

VI. EXPECTED OUTCOMES AND PERFORMANCE METRICS

The successful implementation of this project will yield several tangible outcomes:
1) A fully functional prototype of the on-vehicle detection unit.
2) Ahighly accurate YOLOvV8 model trained specifically for Nagpur's road conditions.
3) A deployed, interactive GIS dashboard accessible to NMC authorities, displaying real-time pothole data.
4) A comprehensive database of road conditions that can be used for future analysis and predictive maintenance planning.
The system's performance will be evaluated using standard object detection metrics:

Precision = TP / (TP + FP)

Recall = TP/ (TP + FN)
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e The trained YOLOV8 model achieved an average inference speed of approximately 20-25 frames per second on Raspberry Pi 4,
ensuring real-time detection capability.

e Precision: The ratio of correctly identified potholes to the total number of identified potholes. A high precision indicates a low
false positive rate.

e Recall: The ratio of correctly identified potholes to the total number of actual potholes. High recall indicates that the system is
not missing many potholes.

e mean Average Precision (mAP): The primary metric for evaluating object detection models, which considers both precision and
recall across different confidence thresholds. We expect to achieve an mAP of over 90% on our test dataset.

e System Latency: The time taken from pothole detection by the camera to its appearance on the dashboard. We aim for a latency
of under 30 seconds.

VII. CONCLUSION AND FUTURE SCOPE
This paper presented a deep learning-based pothole detection and mapping system designed for smart city road maintenance. The
proposed system integrates a YOLOV8 object detection model with an loT-based hardware platform and a GIS visualization
dashboard to provide an automated solution for road condition monitoring.
By combining real-time image processing, GPS localization, and cloud-based data management, the system enables municipal
authorities to efficiently identify and track pothole locations across the city. The proposed approach reduces manual inspection
effort and improves the speed and accuracy of road maintenance operations.
Future work will focus on enhancing the system by incorporating pothole severity estimation, drone-based road inspection, and
predictive analytics for forecasting road damage. Integration with citizen reporting applications can also provide additional data
sources to improve system accuracy and coverage.

REFERENCES

[1] M. Sharma and P. Singh, "Smart City Road Condition Monitoring using Accelerometer and GPS," IEEE Internet of Things Journal, vol. 9, no. 18, pp. 16945—
16954, 2023.

[2] R. Mishra, K. Jain and A. Patel, "Design and Implementation of Low-Cost Pothole Detection System," in IEEE Sensors Conf., pp. 1-4, 2021.

[3] S.Verma, A. Kumar and R. Gupta, "Pothole Detection and Warning System using 10T Sensors," IEEE Access, vol. 10, pp. 105231-105242, 2022.

[4] J. Dharneeshkar et al., "Deep Learning based Detection of Potholes in Indian Roads using YOLO," International Conference on Inventive Computation
Technologies (ICICT), 2020.

[5] E. N. Ukhwah, E. M. Yuniarno and Y. K. Suprapto, "Asphalt Pavement Pothole Detection using Deep Learning based on YOLO Neural Network," ISITIA,
2019.

[6] H.-W.Wang etal., "A Real-Time Pothole Detection Approach for Intelligent Transportation Systems," Mathematical Problems in Engineering, 2015.

[71 A. Johnson and B. Gupta, "A Comparative Study of Object Detection Algorithms for Road Hazard Detection," Journal of Intelligent Transportation Systems,
vol. 25, no. 4, pp. 415-430, 2021.

[8] F. Ahmed, "3D Pothole Reconstruction using Stereoscopic Vision for Autonomous Vehicles," IEEE Transactions on Intelligent Vehicles, vol. 6, no. 2, pp. 257-
267,2021.

[9] P. Singh and R. Kumar, "An loT-Based Framework for Smart City Road Maintenance Management," in Proc. International Conference on Smart Systems and
Inventive Technology (ICSSIT), pp. 112-117, 2022.

©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 |




d lIsRA

ef n\m
cross’ COPERNICUS

10.22214/1JRASET 45,98 IMPACT FACTOR: IMPACT FACTOR:
7.129 7.429

INTERNATIONAL JOURNAL
FOR RESEARCH

IN APPLIED SCIENCE & ENGINEERING TECHNOLOGY

Call : 08813907089 (V) (24*7 Support on Whatsapp)




