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ABSTRACT: Road infrastructure plays a crucial role in transportation, and its maintenance is essential for safety and 

efficiency. Traditional road analysis methods are often labour-intensive, time consuming, and prone to human errors. 

This project presents an Automated Road Analysis System Using Deep Learning without reliance on IoT devices. The 

system utilizes computer vision techniques and convolutional neural networks (CNNs) to analyse road conditions from 

images and videos. By leveraging deep learning models trained on diverse datasets, the system can detect and classify 

road defects such as potholes, cracks, and surface wear. The approach eliminates the need for expensive IoT sensors by 

relying solely on image-based processing, making it cost-effective and scalable. The proposed model is designed to 

assist urban planners and maintenance teams in efficiently identifying road damage, prioritizing repairs, and enhancing 

transportation safety. Experimental results demonstrate the system's accuracy and effectiveness in real world scenarios. 

 

KEYWORDS: YOLO Algorithms: YOLOv5, YOLOv7, and YOLOv8 were tested for precision and performance.  

Dataset: The RDD2022 road damage dataset, comprising 2000+ images, was used for training and testing.

 

I. INTRODUCTION 
 

Road infrastructure is a critical component of modern transportation systems, directly impacting safety, efficiency, and 

economic growth. Poor road conditions, such as potholes, cracks, and surface wear, can lead to accidents, vehicle 

damage, and increased maintenance costs. Traditional road inspection methods rely on manual surveys or IoT-based 

sensor networks, which can be expensive, time-consuming, and difficult to implement on a large scale. 

 

To address these challenges, this project explores an Automated Road Analysis System Using Deep Learning without 

relying on IoT devices. Instead of deploying sensors, the system leverages computer vision techniques and deep 

learning models, particularly Convolutional Neural Networks (CNNs), to analyse road conditions from images and 

videos captured by standard cameras. By processing visual data, the system can accurately detect and classify road 

defects, enabling proactive maintenance and efficient resource allocation. 

 

This approach offers a cost-effective and scalable solution for road analysis, making it accessible for municipalities, 

transportation departments, and urban planners. The proposed system aims to enhance road safety, reduce maintenance 

costs, and improve transportation infrastructure by automating the detection of road surface defects. 

 

II. LITERATURE SURVEY 

 

Economic growth cannot increase without well-maintain transportation networks that are both safe and efficient. It is an 

important for regularly inspecting the road conditions in order to check damage quickly and make repairs when they are 

damaged. Manual inspections have traditionally been used, but they may be expensive, time-consuming, and labour-

intensive. By allowing automatically analysis of photos from many sources, deep learning algorithms have transformed 

road damage analysis identification. 

Automated road analysis using deep learning has become a crucial area of research for improving road maintenance, 

traffic management, and urban infrastructure. Unlike traditional methods that rely on IoT sensors, deep learning 

approaches primarily use computer vision techniques to analyse road conditions from images or video data. 

Convolutional Neural Networks (CNNs) have been widely employed for tasks such as road segmentation, pothole 

detection, and surface classification. Object detection frameworks such as YOLO and CNN are commonly used for 

identifying cracks, potholes, and other road defects. Publicly available datasets such as RDD2022, the Road Damage 

Dataset provide labelled road images for training and validation, allowing researchers to develop and refine models for 

automated road condition assessment. 

 

http://www.ijirset.com/


 

        |www.ijirset.com |A Monthly, Peer Reviewed & Refereed Journal| e-ISSN: 2319-8753| p-ISSN: 2347-6710| 

                                            Volume 14, Issue 4, April 2025 

                                       |DOI: 10.15680/IJIRSET.2025.1404197| 

IJIRSET©2025                                      |     An ISO 9001:2008 Certified Journal   |                                         7101 

Despite significant progress, several challenges remain in deep learning-based road analysis. The variability in road 

conditions due to lighting, weather, and geographical differences poses difficulties in achieving high model accuracy. 

Class imbalance in datasets, where certain types of road defects are underrepresented, can lead to biased model 

performance. Additionally, deep learning models require high computational resources for training and real-time 

inference. Recent advancements, such as hybrid models integrating CNNs with attention mechanisms and domain 

adaptation techniques, have improved the generalization of these models across diverse environments. As research 

continues, optimizing computational efficiency and expanding diverse datasets will be essential for enhancing the 

reliability and scalability of automated road analysis systems. 

 

III. EXISTING & PROPOSED SYSTEM 

 

1.Existing System. 

Road infrastructure plays a fundamental role in modern societies, facilitating the movement of people and goods, 

supporting economic development, and enhancing connectivity. However, road surface degradation is a persistent issue 

that affects transportation efficiency and safety. Various factors contribute to road damage, including environmental 

conditions (e.g., rain, snow, and temperature variations), continuous vehicular stress, poor construction quality, and 

inadequate maintenance. Common road defects such as potholes, cracks, rutting, and surface deformation not only 

compromise road safety but also lead to increased vehicle wear and tear, higher accident risks, and greater financial 

burdens on governments and infrastructure agencies. 

 

Traditionally, road damage inspection has been performed through manual surveys and periodic maintenance 

assessments. These methods rely on human inspectors visually examining road conditions or using basic image 

processing techniques to identify defects. However, manual inspection presents several drawbacks: 

 

• Manual Inspections: Traditional road maintenance relies on human inspectors who survey roads for visible 

defects such as potholes, cracks, and surface deterioration. This method is labour-intensive, subjective, time-

consuming, and impractical for large-scale road networks. 

•  

• IoT-Based Sensor Methods: Some modern road monitoring systems utilize IoT-enabled sensors, such as 

accelerometers, LiDAR, and GPS devices, embedded in vehicles or road infrastructure. These sensors 

continuously collect data on road conditions and transmit it for analysis. However, this approach requires 

expensive hardware installations, network connectivity, and frequent maintenance, making it costly and 

difficult to scale. 

 

2.Proposed System. 

With rapid advancements in deep learning, particularly in Convolutional Neural Networks (CNNs), computer vision 

techniques have significantly improved object detection capabilities. Unlike traditional image processing methods that 

rely on predefined edge detection or hand-engineered features, CNNs automatically learn hierarchical features from 

images, making them more effective for complex visual recognition tasks such as road damage detection. 

 

Among deep learning-based object detection frameworks, YOLO (You Only Look Once) has gained immense 

popularity due to its speed, accuracy, and real-time processing capabilities. Unlike two-stage detectors such as Faster 

R-CNN, which first generate region proposals and then classify objects, YOLO employs a single-stage detection 

approach, making it highly efficient for real-time applications. The evolution of YOLO has led to multiple improved 

versions, each introducing architectural refinements to enhance detection accuracy and computational efficiency. 

 

To overcome the limitations of existing road analysis methods, this project introduces an Automated Road Analysis 

System Using Deep Learning without relying on IoT devices. The proposed system leverages computer vision and deep 

learning techniques to detect and classify road defects from images and videos captured using standard cameras. 

 

• Deep Learning-Based Image Processing: The system employs Convolutional Neural Networks (CNNs) and 

advanced object detection models like YOLO (You Only Look Once), to identify and classify road defects 

(e.g., potholes, cracks, surface wear). Pretrained models can be fine-tuned with datasets specific to road 

analysis for improved accuracy. 
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• No IoT Dependency: Unlike traditional IoT-based systems, this approach does not require sensors, GPS 

modules, or real-time data transmission. The analysis is performed directly on captured images or video 

frames, making it a cost-effective and scalable solution. 

 

• Automated Road Defect Classification: The system can distinguish between different types of road 

damages, helping in prioritizing repairs based on severity. Road defects are classified into categories such as 

potholes, cracks, ruts, and surface degradation using deep learning algorithms.  

 

By eliminating IoT dependencies and utilizing deep learning for image-based road defect analysis, the proposed system 

provides a highly efficient, low-cost, and scalable solution for automated road monitoring and maintenance. 

 

IV. METHODOLOGY 
 

For this study, we utilize the Road Damage Detection 2022 (RDD2022) dataset, a publicly available benchmark dataset 

for training and evaluating road damage detection models. The dataset contains over 2,000 annotated images collected 

from various geographical regions, ensuring diversity in road textures, environmental conditions, and damage types. 

 

4.1 Image Collection 

The images in the RDD2022 dataset were sourced from different countries, including Japan, India, Czech Republic, 

and Norway, capturing various types of road surfaces, lighting conditions, and weather influences. The dataset includes 

both urban and rural road images, making it suitable for real-world applications. 

 

4.2 Annotations and Damage Categories 

Each image in the dataset is annotated with bounding boxes identifying different road defects. The dataset includes the 

following categories of road damage:  

 

• D00: Longitudinal cracks  
• D10: Transverse cracks  
• D20: Alligator cracks  
• D40: Potholes  

The annotations are provided in YOLO format, specifying the bounding box coordinates for each defect in an image. 

 

4.3 Data Preprocessing 

To improve model generalization and enhance training efficiency, we apply several data preprocessing and 

augmentation techniques:  

 

• Image Resizing: All images are resized to 640×640 pixels to match the input size required by YOLO models. 
 

• Normalization: Pixel values are scaled to a range of     0–1 to ensure consistency.  

 

• Augmentation: Techniques such as random rotation, brightness adjustment, flipping, and contrast enhancement are 
applied to increase data variability and reduce overfitting. 
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Figure 1 – Methodology 

 

4.4 YOLO-Based Object Detection Models  

 

This study evaluates the performance of three state-of-the art YOLO models for road damage detection: YOLOv5, 

YOLOv7, and YOLOv8. Each model is analysed based on its architecture, speed, and accuracy.  

 

4.4.1 YOLOv5  

 

• Developed by Ultralytics, YOLOv5 is widely used for real-time object detection.  

• It employs a Cross Stage Partial Network (CSPNet) backbone for efficient feature extraction.  
• Supports multiple variants (YOLOv5s, YOLOv5m, YOLOv5l, YOLOv5x) with varying accuracy-speed trade-offs.  

4.4.2 YOLOv7  

• Introduces Extended Efficient Layer Aggregation Networks (E-ELAN) to enhance feature representation.  

• Optimized for speed and lightweight deployment, making it suitable for edge computing applications.  
• Demonstrates superior performance compared to previous YOLO versions in terms of accuracy and inference time.  
4.4.3 YOLOv8  

• The latest iteration, featuring improved bounding box regression and anchor-free detection.  

• Incorporates dynamic model scaling, enabling better generalization across different datasets.  
• Designed to achieve higher precision while maintaining low computational costs.  
Each model is trained on the RDD2022 dataset, and their performance is compared to determine the best model for 

road damage detection. 

 

4.5 Calculate Metrics 

 

4.5.1 Accuracy: A test's accuracy is defined by how well it distinguishes between healthy and sick samples. We can 

determine a test's accuracy by calculating the percentage of reviewed instances with true positives and true negatives. If 

we express this mathematically, we get: Accuracy = (TP + TN)/(TP + TN + FP + FN). 

 

4.5.2 Precision: The accuracy rate, or precision, is the percentage of true positives relative to the total number of 

occurrences or samples. Consequently, the following is the formula for determining the accuracy:  

Preciseness = TP/(TP + FP).  

 

4.5.3 Recall: The capacity of a model to detect all significant occurrences of a given class is measured by recall, a 

statistic in machine learning. The completeness of a model in capturing instances of a particular class is shown by the 

ratio of properly predicted positive observations to the total actual positives. 

Recall = TP/(TP+FN) 
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V. RESULT 

 

5.1 Home Page 

 

The fig-2 is the home page of the application, in the home page we get a overview of the project and the different types 

of detections the application can detect. The application can take Realtime, Image, Video as the input. 

 

 
 

Figure 2 - Home Page 

 

5.2 RealTime Detection 

Fig-3 is the real-time detection page; in this page we access the camera of the system we are using. Whenever we place 

a damaged road image in front of the camera it detects the damage and shows the result of the damage. 

 

 
 

Figure 3 - Realtime Detection 
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5.3 Image Detection 

 

Fig-4 is the Image detection page, where we give image as a input to the application and it detects the different type of 

damages and shows the result. The resultant image can also be downloaded. 

 

 
 

Figure 4 - Image Detection 

 

5.4 Image Detection Result 

 

Fig-5 shows the results of the damage detected in a image where the input is given as the image. 

 

 
 

Figure 5 - Image Detection Result 

 

5.5 Video Detection 

 

Fig-6 is the Video detection page, here we give video as the input to the application. It detects the damage in ever frame 

of the video and the results can be downloaded. 

 

 
 

Figure 6 - Video detection 
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5.6 Video Detection Result 

Fig-7 shows the result of the damage detected in the video of the ever frame. 

 

 
 

Figure 7 - Video Detection Result 

 

VI. CONCLUSION 
 

The Automated Road Analysis System Using Deep Learning without IoT presents an innovative and cost-effective 

solution for road condition monitoring. By leveraging computer vision and deep learning techniques, the system can 

efficiently detect and classify road defects such as potholes, cracks, and surface deterioration using images and videos 

captured from standard cameras. Unlike traditional IoT based approaches, this system eliminates the need for expensive 

sensors and network dependencies, making it more scalable, accessible, and affordable for widespread implementation 

. 

The proposed method enhances road maintenance operations by enabling automated, fast, and accurate defect 

detection, helping transportation departments and urban planners prioritize repairs and improve overall road safety. 

With pretrained deep learning models, robust image preprocessing, and scalable deployment options, the system can be 

easily integrated into existing road inspection workflows. 

 

Finally, by comparing and applying sophisticated YOLO designs like YOLOv5, YOLOv7, and introducing YOLOv8 

with Transformer for more accurate road damage recognition, this work has brought substantial progress to the field of 

road damage detection utilizing UAV photos. The findings show that accuracy has improved, with YOLOv8 reaching a 

remarkable 85%. The creation of a specialized UAV picture database for training YOLO models, which was enhanced 

by integrating it with the RDD2022 dataset, is a noteworthy accomplishment of this study. Thanks to this extensive 

dataset, road damage recognition has been much improved, particularly for roads in Spain and China, and problems 

with class imbalance have been reduced. There is yet opportunity for improvement, even if the results are encouraging. 
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