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Abstract - Road damage such as potholes and cracks can
lead to accidents, traffic congestion, and increased maintenance 
costs. Traditional road inspection methods are manual, time 
consuming, and inefficient. This project proposes a Smart Road 
Damage Detection and Predictive Maintenance System using 
Artificial Intelligence (AI) and Internet of Things (IoT) to 
automate the monitoring and maintenance process. The proposed 
system uses cameras, sensors, GPS, and cloud to acquire 
real time data about the road conditions. The AI component 
uses image processing algorithms to detect potholes and cracks 
accurately. IoT facilitates effective data transmission and 
monitoring while predictive analytics helps predict deterioration 
and generate maintenance alerts for timely interventions. The 
proposed system enhances road safety, reduces maintenance 
costs, ensures effective maintenance scheduling, and promotes the 
development of smart road systems. 

Index Terms - Road Damage Detection, Pothole Detection,
Crack Detection, Deep learning, Computer Vision. 

I. INTRODUCTION
Road transportation is one of the important infrastructures in 

modern cities that significantly contributes to the economy, 
safety, and transportation of goods and people in the county. 
However, roadways face serious threats due to heavy traf-
fic, weather changes, lack of maintenance, and other factors 
such as urbanization. Cracks, potholes, and roughness are 
the primary factors that contribute to the reduced quality of road 
surfaces, poor transportation, and increased damage to vehicles. 
Furthermore, the traditional method of conducting road 
inspections involves complex manual procedures that are not 
only expensive but also require a long time to yield results. In 
addition, most of the current manual processes are not efficient 
and do not allow authorities to detect road damage at an early 
stage. 

At present, the concept of creating Intelligent Transportation 
Systems that employs artificial intelligence and the Internet of 
Things is becoming more popular. The integration of AI-based 
image processing and IoT-based sensors can support smart 

cities in developing an efficient and automated system for 
monitoring road damage. The key idea involves using image 
processing algorithms to automatically detect damages such as 
potholes and cracks in the captured images. On the other hand, 
IoT-based sensors would be used for real-time data collection, 
transmission, and processing. The proposed system, therefore, 
would ensure the automatic detection and identification of 
damage in order to create a predictive maintenance model for 
roadways. 

The project, “Next-Gen Smart Road Damage Detection and 
Predictive Maintenance System (AI + IoT),” will be designed 
to meet the emerging needs for an automated and smart road 
monitoring system that can detect and predict road damage. The 
project’s main objective is to create a system that uses cameras, 
sensors, drones, GPS, and cloud to monitor roads, detect 
damages, and notify the relevant authorities. The system will be
capable of collecting and analyzing data in real-time in order 
to identify damages such as potholes, cracks, and roughness. 
The data collected from the system will be processed using 
artificial intelligence and image processing in order to make 
informed maintenance decisions. In addition, the predictive 
model would be used to predict future damage and support 
authorities in making appropriate maintenance decisions. The 
GPS and cloud features of the system will help monitor and 
track the location of the detected damage. Overall, the project 
will support road maintenance and repair, improve 
transportation and safety in the county, and promote the 
concept of smart cities. 

II. METHODOLOGY
The method used in this project will involve the creation of 

an intelligent and automated system for road damage detection 
and predictive maintenance. First and foremost, images and 
video of the road ahead under study will be captured using 
cameras and IoT devices. Sensors and GPS receivers will be 
used to provide information about the current state of the road 
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and the location of any damage spots (potholes, cracks). Using 
this data, a reliable data set will be created for training and 
testing the AI model. 

Fig. 1. depicts the proposed method for detecting and 
predicting road damage scenarios. First, the captured images of
the road will be uploaded to the system for preprocessing and 
enhancement. Image preprocessing techniques will be used to 
improve the image quality and the accuracy of road damage 
detection. Image preprocessing will involve image resizing, 
noise removal, desaturation, contrast enhancement, and line 
detection. Road images will be divided into categories such as 
normal, potholes, cracks, etc., to help build an accurate machine 
learning model. 

Next, Artificial Intelligence and Machine Learning algo-
rithms will be used to recognize road damage and classify 
it. Using the data set, a CNN (Convolution Neural Network) 
model will be trained, which will be able to detect road damage 
accurately. With the help of AI algorithms and image 
processing techniques, cracks, potholes, and other road defects 
will be identified. It is also possible to use the latest YOLO 
systems for real-time object detection and classification. 

Fig.2 represents a flowchart of the proposed methodology. 
The collected data (captured image) will pass through several 
stages of preprocessing, classification, and prediction. First, 
data acquisition will involve collecting and storing data such as 
images of the road, potholes, and cracks, using IoT sensors and 
GPS. The data will be transmitted to the cloud using WiFi, 
GSM networks, and other available communication methods 
for storage and monitoring. The data will be stored and 
managed using cloud computing resources, providing easy 
access to all stored data. Next, predictive maintenance 
techniques will be used to predict future road maintenance 
scenarios based on current and historical data. 

The collected data will be used to determine future road and 
traffic conditions, monitor current road conditions, and predict 
potential damage scenarios. By analyzing trends such as road 
traffic, weather conditions, and time since construction, the 
smart road system will be able to predict the likelihood that
a given road segment will require maintenance. At the same 
time, with the help of GPS, this data will make it possible 
to find the exact location of the road damage automatically and 
notify the authorities about the detected defects. Predictive 
analytics results will be sent to the cloud dashboard or directly
to the user’s mobile device via an application, SMS, or email. 

Summing up, the methodology of this project will involve 
not only the collection and analysis of road images and data for 
the detection and classification of road damage but also the use 
of real-time GPS and location tracking to monitor and predict 
future damage scenarios. Using modern approaches such as AI, 
IoT, cloud computing, and predictive analytics will help make 
the proposed solution accurate, efficient, and reliable. All this 
will contribute to the creation of a competent smart road system 
and an efficient smart city infrastructure. 

Fig. 1. Overall System Architecture of the Proposed Smart Road Damage 
Detection and Predictive Maintenance System

Fig. 2. Detailed Methodology Flowchart for AI and IoT Based Road Damage 
Detection 

III. IMPLEMENTATION
A. Data Collection Module

The proposed system has a first step of gathering the required
data related to the road condition through a variety of hardware 
devices and sensors like high-end cameras, ultrasonic sensors, 
drones, GPS modules, and IoT-enabled devices. The first step
may also involve using other sensors to detect road anomalies. 
The different hardware components and sensors can be used 
either alone or simultaneously to collect the data required for 
the identification of the damaged road section. 

Cameras, video and photograph, can be mounted on cars or
roadside equipment to record the road monitored. Another use 
of drones is to monitor the targeted road network and ensure 
that all sections are observed correctly. In contrast, mounted 
and ultrasonic sensors can be used to detect vibrations, 
unevenness and depth of the road surface to detect potholes. 
The GPS module can record the location of the damaged 
road section and the authorities can detect the exact spot on the 
basis of latitude and longitude. The collected data can be sent
to the processing unit through an IoT-enabled system using Wi-
Fi, GSM or cloud-based systems. 

1) Components Used in Data Collection:
• High-resolution camera
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• Ultrasonic sensors
• GPS module
• IoT communication devices
• Drone monitoring system
• Cloud connectivity modules

2) Advantages:

• Real-time monitoring
• Continuous data collection
• Reduced manual inspection
• Accurate location tracking

B. Data Preprocessing

The collected road images and sensor data may be noisy,
unclear, poorly lit, or contain unwanted information. This is 
why we need to preprocess the data to improve the input data 
quality before using it with AI algorithms. 

Image preprocessing techniques include: 

• Image resizing
• Noise removal
• Contrast enhancement
• Image filtering
• Edge enhancement
• Color normalization

Noise removal filters such as Gaussian filters and median 
filters are used to improve image clarity. Edge detection 
techniques enhance crack and pothole boundaries, making the 
damaged areas more visible for analysis. The preprocessing 
stage increases the accuracy and efficiency of the damage 
detection model. 

1) Objectives of Preprocessing:

• Improve image quality
• Remove unwanted noise
• Enhance crack visibility
• Increase AI detection accuracy

C. AI-Based Road Damage Detection

After preprocessing, the system performs road damage
detection using Artificial Intelligence and Machine Learning 
algorithms. AI models are trained using large datasets contain-
ing images of potholes, cracks, and normal road surfaces. 

The system mainly uses image processing and deep learning 
techniques to identify different types of road damage. Feature 
extraction methods are used to analyze texture, shape, depth, 
and edges present in the road images. 

1) Damage Detection Process:

1) Input road image is captured.
2) Preprocessed image is given to the AI model.
3) Features such as edges, cracks, and pothole patterns are

extracted.
4) Classification algorithms identify the type of damage.
5) Severity analysis is performed.

2) AI Techniques Used:
• Convolutional Neural Networks (CNN)
• Machine Learning Algorithms
• Image Segmentation
• Edge Detection
• Pattern Recognition
3) Types of Damage Detected:
• Potholes
• Surface cracks
• Road deformation
• Uneven surfaces
• Surface wear and tear
The AI model classifies the road condition into different 

categories such as safe, moderate damage, or severe damage. 
The severity level helps authorities prioritize maintenance 
activities. 

D. IoT-Based Data Transmission

Once road damage is detected, the information is transmitted
through IoT-enabled communication systems to cloud servers 
and monitoring centers. IoT plays a major role in enabling real-
time communication between the sensing devices and the 
central monitoring platform. 

The transmitted data includes: 
• Road damage image
• Damage type
• GPS location
• Severity level
• Time of detection
Wireless communication technologies such as: 
• Wi-Fi
• GSM
• LTE
• Cloud IoT platforms
are used to ensure fast and reliable data transfer. 
1) Benefits of IoT Integration:
• Real-time monitoring
• Faster communication
• Remote accessibility
• Automated reporting
• Reduced human intervention

E. Cloud Storage and Database Management

The detected road damage data is stored in cloud databases
for future analysis and monitoring. Cloud computing enables 
centralized storage and easy access to large amounts of road 
condition data collected from different locations. 

The cloud platform stores: 
• Historical road data
• Captured images
• Maintenance records
• GPS locations
• Damage severity reports

Published by : International Journal of Engineering Research & Technology (IJERT)
https://www.ijert.org/ ISSN: 2278-0181
An International Peer-Reviewed Journal Vol. 15 Issue 08 , August - 2026

IJERTV15IS080152 Page 3

(This work is licensed under a Creative Commons Attribution 4.0 International License.)



Cloud storage provides scalability, security, and efficient 
data management. Government authorities and road mainte-
nance departments can access the stored information remotely 
through web dashboards or mobile applications. 

1) Advantages of Cloud Storage:
• Centralized monitoring
• Large-scale data management
• Remote accessibility
• Data backup and security
• Real-time synchronization

F. Predictive Maintenance Analysis
The predictive maintenance module is one of the impor-

tant features of the proposed system. Instead of waiting for 
severe road damage to occur, the system predicts future road 
deterioration using historical and real-time data. 

Predictive analytics algorithms analyze: 
• Frequency of damage occurrence
• Weather conditions
• Traffic density
• Road age
• Historical maintenance data
Using these factors, the system estimates the probability 

of future road failures and identifies roads that may require 
maintenance soon. 

1) Predictive Analysis Process:
1) Collect historical road condition data.
2) Analyze traffic and environmental conditions.
3) Identify recurring damage patterns.
4) Predict future road deterioration.
5) Generate maintenance schedules.
2) Benefits:
• Prevents major road failures
• Reduces repair costs
• Improves maintenance planning
• Increases road lifespan
• Enhances public safety

G. Alert and Notification System
After identifying road damage and forecasting the mainte-

nance and repair, the system automatically produces alerts and 
notifications to the relevant authorities. 

Notifications may include: 
• Damage location
• Severity level
• Image of damaged road
• Recommended maintenance action
Alerts can be sent through: 
• Mobile applications
• SMS notifications
• Email systems
• Cloud dashboards
The notification system ensures quick response and timely 

repair actions, reducing accidents and improving road safety. 

H. System Monitoring and User Interface
The proposed system includes a user-friendly monitoring

dashboard for displaying road conditions and maintenance 
reports. The dashboard allows authorities to visualize: 
• Damaged road locations
• Severity levels
• Real-time alerts
• Historical maintenance data
• Predictive analysis reports
Graphs, maps, and statistical reports help decision-makers 

analyze road conditions effectively and prioritize maintenance 
activities. 

I. Features of Dashboard
• Live road monitoring
• GPS-based road mapping
• Data visualization
• Maintenance scheduling
• Cloud-based access

J. Overall Working of the Proposed System
The complete working of the system follows these steps:
1) Cameras and sensors collect road data.
2) Images are preprocessed for better quality.
3) AI algorithms detect potholes and cracks.
4) GPS records damage location.
5) IoT transmits data to the cloud.
6) Predictive analytics forecasts future road damage.
7) Alerts are sent to maintenance authorities.
8) Dashboard displays real-time monitoring information.
The combination of artificial intelligence, IoT, cloud com- 

puting and predictive analytics make the proposed system effi- 
cient and accurate enough to be used in smart city engineering. 

K. Advantages of the Proposed Methodology
• Automated road damage detection
• Real-time monitoring and reporting
• Accurate pothole and crack identification
• Reduced manual inspection efforts
• Lower maintenance costs
• Improved road safety
• Efficient maintenance scheduling
• Smart city infrastructure support
• Faster decision-making process
• Predictive maintenance capability

IV. RESULT AND DISCUSSION
The proposed Next-Gen Smart Road Damage Detection and 

Predictive Maintenance System Using AI and IoT were 
successfully developed and tested for the purpose of road 
damage detection and maintenance analysis in real-time. The 
project was able to detect potholes, cracks, and other road 
damage using Artificial Intelligence and image processing
methods. Furthermore, the use of IoT allowed for constant road
condition monitoring and the uploading of data to the cloud. 
The results presented below show that the proposed 
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system was able to achieve its design goals, allowing for the 
automation of road inspection and ensuring road safety via AI 
and IoT. 

The Fig. 1 below demonstrates the monitoring dashboard, 
which was able to display all of the road damage detection and 
analysis steps. It can be seen that the dashboard was able 
to show the input images, the captured road frame, AI detection 
and analysis results, severity score, GPS location, and alerts. 
The image processing algorithm correctly identified the
damaged road area, and the bounding boxes showed the 
detected potholes on the captured road image. In addition, the 
AI engine assigned severity levels to the detected damages and 
provided maintenance recommendations. Moreover, the 
dashboard displayed the road area’s GPS coordinates and 
monitoring data. 

Fig. 3. Real-Time Road Damage Detection and Monitoring Dashboard 

The results presented in Fig. 1 also demonstrate that pre-
processing and feature extraction methods have improved the 
recognition accuracy of the system. The utilization of the CNN 
and YOLO-based algorithm allowed for quick and accurate 
identification of damaged road areas regardless of the road 
condition. The GPS mapping and IoT communication features 
have also improved the system by ensuring accurate location 
data and uploading the acquired damage data into the cloud for 
processing. 

As demonstrated in Fig. 2, the maintenance and recommen-
dation engine has predicted and produced extensive reports 
regarding the maintenance of the damages detected by the 
system. The maintenance engine has recommended various 
repair options, including the required time, materials, and 
workers for the maintenance process. In addition, the system 
has recorded all the data, including the preprocessing stage sta-
tuses, feature extraction data, model’s inference, GPS location 
data, severity scores, and maintenance recommendations in the 
maintenance engine dashboard. Therefore, the figure below 
shows that the proposed system can carry out maintenance 
analysis intelligently in real-time. 

The maintenance recommendation system presented in Fig. 
2 allows for performing the road asset maintenance prior-
itization in an efficient manner, which helps prevent road 
degradation before it becomes severe. The automatic alerts and 
maintenance scheduling enable fast responses and efficient 
operations in order to ensure effective road infrastructure 
management. Moreover, the maintenance reports and cloud- 

Fig. 4. Predictive Maintenance and Recommendation Engine Output 

based monitoring system allow for providing the necessary 
information for the maintenance crews and managers. 

In general, based on the results presented above, it can be 
concluded that the proposed system is capable of enabling an 
efficient road damage detection and recognition, monitoring, 
maintenance prediction, and alerting. The utilization of the Ar-
tificial Intelligence, Internet of Things, cloud computing, GPS 
tracking, and prediction technologies allows for improving the 
performance and efficiency of the road maintenance and 
management system and ensuring the sustainable development 
of the smart city concept. 

V. CONCLUSION

The proposed Next-Gen Smart Road Damage Detection and 
Predictive Maintenance System using Artificial Intelligence 
and IoT is an innovative and effective approach for monitoring 
the road condition and managing maintenance activities. The
study demonstrated that the proposed solution could effec-
tively address the research problem by employing AI-based 
image processing, IoT-based communication, GPS-based lo-
calization, cloud computing, and predictive analytics to detect 
and monitor potholes, cracks, and other road damages. 

Overall, the solution was able to accurately detect road 
damages, identify the severity level of the defects, and help 
manage maintenance operations to ensure timely treatment of 
the damaged areas. In particular, the use of the CNN and YOLO 
algorithms allowed for improving the efficacy and accuracy of
damage detection. Moreover, IoT and cloud-based data storage 
and management enabled remote access to the information and
improved GPS-based location monitoring. 

The system also utilized the predictive maintenance ap-
proach, which used the collected data to predict the occurrence 
of road damages and suggest the appropriate course of action. 
As a result, the proposed Next-Gen Smart Road Damage 
Detection and Predictive Maintenance System using Artificial 
Intelligence and IoT could effectively support the management 
of road maintenance and help reduce the cost and effort 
associated with addressing damages. 
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