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Abstract : This paper introduces a deep learning-based system for the detection of potholes on road surfaces
using image classification techniques. The proposed approach employs a Convolutional Neural Network
(CNN) to identify and classify images containing potholes from those without. A custom-designed graphical
user interface (GUI) allows users to upload road images for instant analysis and detection. The system is
trained on a publicly available dataset of road images, covering various pothole sizes and surface conditions.
Designed for offline deployment, the system provides an efficient and accessible solution for road
maintenance departments and municipal bodies, enabling timely and accurate road condition assessments.
Index Terms— Pothole Detection, Deep Learning, Convolutional Neural Network, Road Safety, Image
Classification

l. Introduction

Potholes are a major concern for road safety and infrastructure management, leading to vehicle damage,
accidents, and high maintenance costs. Traditionally, pothole detection relies on manual inspection or
sensor-based systems, which can be expensive and inefficient. With advancements in artificial intelligence,
particularly deep learning, automated pothole detection through-image processing has emerged as a reliable
alternative.

This paper presents a CNN-based method to detect potholes from road surface images. The system classifies
images as either containing potholes or being pothole-free. A Python-based GUI has been developed using
Streamlit to allow users to interact with the system, making it suitable for use by civil engineers and
municipal staff.

Il. MATERIALS AND METHODS
A. Dataset
The dataset used comprises thousands of annotated images, categorized as either 'pothole’ or 'normal’.
These images include various lighting conditions, road textures, and pothole shapes. Images are
preprocessed through resizing, grayscale conversion, and normalization before being fed into the
model.
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B. Model Architecture
The model architecture is based on a Convolutional Neural Network with layers including
convolution, max pooling, and fully connected dense layers. Activation functions such as ReLU are
used in the intermediate layers, and softmax is applied at the final output for binary classification.
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Fig 2.1: CNN Architecture for Pothole Classification

C. Training

The dataset is divided into training (70%), validation (15%), and testing (15%) subsets. Data augmentation
techniques such as flipping, brightness variation, and rotation are used to improve generalization. The model
is trained using the Adam optimizer and binary cross-entropy loss.

D.Model Evaluation
Performance is evaluated using key metrics such as accuracy, precision, recall, and F1-score. The final
model demonstrates high reliability in identifying potholes under varied real-world conditions.
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III. GRAPHICAL USER INTERFACE (GUI)

The pothole detection system includes a GUI developed using Python’s Streamlit framework. It provides a
clean and intuitive interface for uploading and analyzing road images.

A. Key Features of the GUI

e Image Upload: Users can select a road image from their device, which is displayed in the application
window.

o Pothole Detection: A button initiates the detection process, passing the image to the CNN model for
analysis.

o Result Display: The result (pothole or normal) is shown along with confidence scores.

IV. TOOLS AND LIBRARIES

The development of the Pothole Detection System incorporated several essential tools and libraries that played
a crucial role in building both the backend model and the user interface:
o Pandas — Used for data handling and analysis of images and annotations.

e TensorFlow — Provides the backend for building and training deep learning models.
o Keras — A high-level API for designing and training the pothole detection neural network.

e Python — The core programming language for implementing the entire project.

e OpenCV - Handles image processing tasks like reading, resizing, and augmenting road images.
o NumPy - Supports efficient numerical computations and image matrix operations.
» Matplotlib - Used to visualize training metrics and sample detection results.

o Streamlit - Creates an interactive web interface to upload and analyze pothole images in
real-time.

V. RESULTS

The trained CNN model was tested on a curated dataset of road images, achieving robust detection
performance. The following performance metrics were observed:
e Accuracy: 95.6%

e Precision: 94.2%
e Recall: 96.1%
e F1-Score: 95.1%

The system provided reliable outputs in under 2 seconds per image. It showed consistent performance in
detecting potholes regardless of it’s a pothole are not, surface texture.
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Pothole Detection System

Choose an image...

Prediction: POTHOLES

Fig 5.1: Details of Analyzed Image

VI. DISCUSSION

This study demonstrates the practical benefits of applying deep learning to pothole detection. The system can
automatically analyze road images and predict the presence of potholes with high accuracy. Its design supports
real-world applications, especially in areas lacking internet infrastructure.

Advantages:
High Performance: Offers strong classification capability across various environmental conditions.

User-Friendly: Simple interface makes it accessible for field use.

Offline Operation: Useful in remote inspections and on-site infrastructure assessments.

Challenges:
Poor lighting, occlusion by vehicles or shadows, and motion blur can sometimes reduce prediction

reliability.

VIl.  CONCLUSION

This research presents a deep learning solution for pothole detection using CNNs, demonstrating that Al-
based image analysis can revolutionize road maintenance workflows. The integration of a lightweight,
offline GUI ensures the system is ready for practical deployment in field conditions.

Key Contributions:
Developed a CNN-based pothole detection system with strong classification accuracy.

Designed a GUI for image input and real-time prediction.
Demonstrated offline deployment capability suitable for rural and field environments.
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Future Work:
« Real-time Video Analysis: Incorporating live video feed processing for moving vehicle
assessments.

o Edge Deployment: Optimizing the model to run on mobile and edge devices.
o Localization: Adding bounding boxes or segmentation to identify pothole regions within images.

e Crowdsourced Reporting: Enabling users to tag GPS locations for pothole alerts.
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