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Abstract: Keeping road in some good condition poses one of the most difficult and costly tasks, particularly with
traditional methods that depend on manual surveys. These processes are time consuming, prone to error, and lead to late
discovery of certain cracks and potholes that can drive up repair costs and threaten safety. To address this issue, our
product is a mettalic roads damage automated system with machine learning. The system takes video pictures of roads,
analyzes the data to find flaws, and categorizes issues according to how serious they are. It was created using MATLAB's
machine learning capabilities and offers local governments immediate insights via an intuitive interface. By employing
a prioritization framework based on the age of the roads, it guarantees that aging infrastructure is addressed quickly,
improving resource distribution and repair timelines. This method seeks to reduce expenses, increase accuracy, and
expedite road assessments. In addition to ensuring road safety and comfort while driving, this project supports
sustainability in the management of municipal infrastructures by creating smarter, safer, and better-maintained roads.

Keywords: Road Damage Detection; Metallic road analysis; machine lesrning; image processing; road safety; aging
infrastructure.

I. INTRODUCTION

A vital component of modern society, road infrastructure lays the groundwork for social, economic, and mobility
advancement. Roads serve as essential connections between people, cities, and industries in addition to being routes for
automobiles. Their role extends beyond simple transportation, impacting economic activities, access to healthcare, and
emergency response. An extensive and well-developed road network guarantees quick access to the most important
services, promotes trade by making the transportation of goods easier, and raises living standards for individuals and
communities as a whole.

Despite the importance of these crucial structures, their functionality is vulnerable to deterioration due to their fragility.
The quality of roads is greatly impacted by traffic flow, weather variations, and natural material deterioration from daily
activities. As a result, flaws appear as surface distortions, cracks, and potholes. These flaws interfere with free traffic
flow, weaken the structural integrity of roads, and make them dangerous for users.

Road inspections used to be done by hand. Road conditions and evident flaws are noted by inspection teams as they
examine road surfaces. Although manual inspection offers direct insight into the state of the roads, its limitations have
become more apparent in the quest for increased accuracy and efficiency.

By their very nature, manual methods are not objective. An inspector's perceptions may vary in their ability to identify
flaws due to factors such as experience, time spent concentrating, or physical exhaustion. Additionally, these techniques
are frequently labour intensive and time-consuming, requiring significant resources that local authorities or agencies
might not have easy access to. For areas with vast road networks or inadequate infrastructure for routine inspections, this
makes things even more difficult.

Inefficiencies have serious repercussions. If roadway flaws are not identified, they gradually worsen over time,
increasing repair costs and endangering user safety. The need for scalable, dependable, and efficient mechanisms for road
inspection is clear but still challenging to fulfill.

Automated road inspection systems have become a ground-breaking substitute despite the difficulties that have arisen.
These systems provide previously unheard-of efficiency and accuracy when identifying and tracking road defects thanks
to advancements in machine learning (ML), computer vision, and artificial intelligence (AI). The move toward
automation represents a significant advancement in addressing the limitations of conventional solutions while satisfying
the increasing demands for infrastructure upkeep.

Road surface data is collected and analyzed by automated systems using cameras, sensors, and artificial intelligence
algorithms. These systems guarantee accurate and consistent data processing, which lowers biases and errors compared
to manual inspections that depend on human evaluation. Their ability to handle large datasets enables quick assessments,
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enabling timely interventions and preventive maintenance. Automation also reduces the need for human labor, which
lowers operating costs and frees up human resources for other crucial tasks.

Deep Learning's Significance for Automating Road Inspections The foundation of machine learning for automatically
identifying road defects is deep learning. Neural networks that perform well, particularly in image recognition and object
detection applications, are called deep learning models. Because the models can identify minute patterns like potholes or
cracks, they are perfect for road inspections.

Building Real-time road defect detection is now much more feasible thanks to the development of advanced deep
learning algorithms like You Only Look Once (YOLO). YOLO is extremely quick and efficient because it analyzes entire
images in a single operation. Strong performance on a variety of datasets is made possible by features like anchor-free
detection and enhanced training techniques found in the most recent version, YOLOv8. These advancements are essential
for overcoming the various conditions present in road images, including differences in lighting, weather, and surface
composition.

Automated road inspection has far more social repercussions than just identifying flaws. The likelihood of accidents
is significantly reduced when roadway issues are promptly identified and fixed, increasing everyone's safety while using
the roads. This is especially important in places where high mortality rates are caused by inadequate infrastructure.
Maintaining excellent road quality also makes it easier for traffic to flow, which reduces fuel consumption and associated
emissions and promotes environmental sustainability.

In developing nations, where resource constraints frequently impede infrastructure maintenance efforts, the advantages
of automated road inspection systems are quite evident. Due to the high cost of the traditional methods, road conditions
deteriorate over extended periods of neglect. Scalable and reasonably priced artificial intelligence technologies can be
used to implement efficient inspection systems in locations with limited resources. Such technological access guarantees
that infrastructure management is not solely the domain of wealthy nations, thereby fostering global development and
improved safety.

Automated road inspection systems have potential, but there are a number of obstacles to overcome. The analysis of
high-resolution images requires a substantial amount of processing power, which can present hardware challenges,
particularly when mobile or drone-based frameworks are taken into consideration. Models must be optimized using
methods like pruning and quantization without sacrificing efficacy in order to get around this restriction. One important
factor to take into account is the efficient integration of current maintenance workflows with regulatory frameworks.
Policymakers, municipal authorities, and technology providers must work together to ensure that automated outputs are
actionable and easily incorporated into repair schedules.

II. RELATED WORK

In recent years, significant progress has been made in automating road damage detection using artificial intelligence
and deep learning technologies. Several studies have focused on improving accuracy, scalability, and real-time
monitoring capabilities. In [1], Recent studies have applied YOLO, Faster R-CNN, and EfficientDet models for detecting
potholes and cracks with high precision. Researchers demonstrated that real-time UAV-based monitoring combined with
lightweight TinyML improves coverage and reduces manual survey efforts. Similarly, [2] Many works introduced
improved YOLOVS and YOLOv8 models enhanced with Efficient Channel Attention (ECA) and residual connections.
These optimizations help detect cracks reliably under varying lighting and weather conditions, especially in autonomous
driving applications. In [3], Several researchers have focused on building large and diverse datasets for damage categories
like blurred markings, worn paint, and surface wear. Using models like EfficientDet and MobileNet, these studies
improved classification accuracy across multiple countries and environmental conditions. In [4], Recent approaches
developed compact models such as YOLO-LRDD to achieve high-speed detection on low-power devices (e.g., drones,
smartphones, and vehicle-mounted cameras). These methods balance accuracy and computational efficiency, enabling
scalable real-world deployment. In [5] Some studies emphasize integrating Al detection with prioritization frameworks.
These solutions combine severity scoring, defect classification, and smart scheduling to support government agencies in
planning effective repair operations and reducing maintenance costs.

III.PROPOSED ALGORITHM

A. Description of the Proposed Algorithm:
The proposed system for automated road damage detection operates in four major stages: Data Preparation,
Intelligent Detection, Severity Prioritization, and Repair Recommendation & Reporting
Step 1: Capturing and Preparing Road Data
The system first collects road surface information through images or video frames submitted by inspectors or vehicle-
mounted cameras.
Before the YOLOVS model processes the input, a structured preprocessing pipeline is executed:
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e Frames are extracted (in case of videos) and converted into standard image formats.
e To remove inconsistencies caused by lighting variations, dust, shadows, and motion blur, the system applies:
o Image resizing
o Noise reduction (Gaussian Blur)
o Pixel normalization
e Bounding areas, resolution, and metadata (GPS, timestamp, road name) are tagged prior to inspection.
This preprocessing ensures stability, reduced noise, and faster model inference, enabling reliable detection of cracks,
potholes, and surface distortions.
Step 2: Al-Based Detection and Feature Extraction
Once the image is preprocessed, the system uses an enhanced YOLOV8 deep learning model to perform object detection.
The model identifies multiple types of road defects, such as:
e Potholes
e Cracks
e  Alligator cracks
e Transverse and longitudinal cracks
For each detected defect, the model generates:
e Bounding box coordinates
e Defect classification label
e Confidence score
e Pixel area (approximate damage size)
This detection pipeline allows the system to capture both large and small defects, even under poor image conditions.
Step 3: Severity Assessment and Priority Modeling
After identifying the defects, the system determines the severity level using a hybrid scoring model that considers:
Severity = f(Defect Size, Confidence Score, Number of Defects, Road Segment Condition)

Severity levels are categorized as:

o Low

e Medium
e High

e  Critical

Along with detection, the system integrates road age data (years since last repair) fetched from the municipal database.
A Priority Score (PS) is computed:
PS = Severity Weight + (Road Age X Deterioration Factor)

This score ensures that older and highly damaged roads are addressed first, optimizing resource distribution and
maintenance planning.
Step 4: Repair Recommendation and Automation Workflow
Once the priority score is computed, the system’s Decision Engine evaluates the road condition:
o Ifthe defect is severe and priority score is high — "Immediate Repair Required"
e If moderate damage is detected — "Schedule Repair Soon"
e Ifthe damage is minor — "Monitor Road Condition"
The system also determines suitable repair methods such as:
e Pothole patching
e Crack sealing
e Surface overlay
e  Full-depth road repair (for critical cases)
For each upload, the system auto-generates:
e Repair recommendations
e Estimated urgency
e A work order (PDF/HTML) for contractors
e  GPS-based Google Maps location link
The output is then stored in the database for tracking and analysis.
Step 5: Delivery of Output and Workflow Integration
The final processed output is delivered through the Inspector Dashboard and Admin Portal:
e Inspectors view detection results, defect counts, severity, and location coordinates.
e  Administrators receive prioritized repair lists and can:
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o Move tasks to In Progress

o  Assign contractors

o Mark jobs as Fixed or Verified

o Generate clear documentation and repair reports

Every output is stored and retrieved through the centralized SQLite database, ensuring proper tracking of maintenance
operations.

IV.PSEUDO CODE
Notes:
D _hist: Historical road inspection data (previous detections, severity levels, timestamps).
F_vec: Feature Vector (normalized bounding box size, defect count, road age).
D valid: Validity score for each road segment (sufficient/noisy/missing).
P_forecast: Estimated repair priority or expected deterioration score.
S_opt: Optimal Maintenance Strategy (IMMEDIATE REPAIR / SCHEDULE / MONITOR).
R local: Localized output displayed to inspector/admin dashboard.

Equations:
Equation (1) Feature Scaling (Min—Max Normalization)
X, =t Xmin_
Xmax - Xmin
Equation (2) Priority Forecasting (Trend Model)
y(@©) =g(t) +s(t) + &

where:
e  g(t)— linear deterioration trend based on defect growth
e 5(t)— seasonal or usage-based variation
e & — noise in road inspection data

Step 1: Load the user-submitted road image/video frame and retrieve corresponding historical road data (D_hist) from
the database.
Step 2: For each road segment, extract defect-related attributes using YOLOVS:
- bounding box area
- defect class (crack/pothole/alligator crack)
- confidence score
- number of defect.
Step 3: For every road segment, compute the data validity score (D_valid):
if (historical _records < Minimum_Required):
Mark segment as "Insufficient Data" — Skip forecasting
else:
Mark segment as "Active" — Continue evaluation
end if
Step 4: For each active road segment, apply Equation (2) to compute
P_forecast, the expected deterioration or repair priority score:
- g(t): growth of defect size and count over earlier inspections
- s(t): seasonal effects (traffic load, weather)
- ¢ t: random variation in observations
Step 5: Convert the selected strategy S_opt into user-displayable output
using Equation (3).
R _local = Translate(S_opt, Language target)
Step 5: Return the final localized response R _local to the inspector/admin
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dashboard and complete the operation.
Step 6: Finish.

V. RESULTS

The proposed Smart Road Damage Detection System was implemented using image datasets collected from real road
environments, and the system’s performance was analyzed through experimental evaluation using the YOLOv8-based
detection model. The results demonstrate that the system accurately identifies multiple road defects such as cracks,
potholes, and surface deformations from uploaded images and video frames. The bounding box visualizations generated
by the model confirm that the detection pipeline is able to localize and classify damages with high consistency. The
severity scoring mechanism further categorized detected defects into low, medium, and high levels, enabling effective
prioritization of road maintenance tasks.

The graphical outputs in the system interface show that the annotated detections were rendered clearly and reliably
across various road conditions. The model performed effectively on images with varying lighting, shadows, and texture
complexity, which aligns with YOLOv8’s robustness toward environmental variations. The admin dashboard and
inspector interface highlighted each detection along with severity, confidence score, and road details, confirming that the
system provides actionable insights for municipal authorities.

The system’s functional modules—image upload, detection, severity classification, priority scoring, and report
generation—were evaluated for responsiveness and usability. Results show that the model produced detection results
within acceptable processing times, allowing near real-time analysis during testing. The user interface demonstrated
smooth workflow transitions, and all functional components—road monitoring, defect reporting, work-order
management, and verification—performed reliably during test runs. No critical failures or latency issues were observed
during operation..

Overall, the results indicate that the proposed system successfully integrates machine learning-based damage detection,
severity assessment, and an administrative repair-management workflow into a unified platform for smart road
maintenance. Although the system is effective, its performance is dependent on the quality of uploaded road images and
the availability of historical data. The system also relies on consistent detection accuracy from the YOLOvVS model across
diverse environments. Despite these constraints, the developed platform demonstrates substantial improvement over
manual inspection methods and shows strong potential for real-world adoption by municipal road maintenance
authorities.

0 & i b R 8 x D a - + 2
3 g0 € ¥ -0
fad FixMyStreet . re— S
Welcame! @, AlRoad Defect Detection
System Status. Read Inspector
1 Please Login to Continue el
1% YOLO Wodek: Ready e
2 vsema
D Navigation
[ DB: Wil be:
O @ Dastoar
o U
[ Jo H Qo cuen.enoe ®ex ~ 00 % ra0 0 [ ool L s u@nsemo8®ex ~ 85 ean oD
Fig.1. Login page Fig.2.Uploading data page

© 1JARCCE This work is licensed under a Creative Commons Attribution 4.0 International License 669


https://ijarcce.com/
https://ijarcce.com/

IJARCCE ISSN (0) 2278-1021, ISSN (P) 2319-5940

m International Journal of Advanced Research in Computer and Communication Engineering

Impact Factor 8.471 :: Peer-reviewed & Refereed journal :: Vol. 14, Issue 11, November 2025
DOI: 10.17148/IJARCCE.2025.1411114

I ————— = 3 X

& C @ localhostssor R

{8 Fixed DB: Will be created

Welcome!

Road Inspector
ole:

L Navigation

O & Dashboard

@ * Al Detection

1§ Logout

Seorts headine e 0819
LR W PN o

1]
el
r
1D
9
"
3
. T
R :
9
@
@
&
]
)

Fig. 3. Detection of pothole

D @ romysuect Aifoad inspection X 4 - B %
€ C © lcahosssm RN R
.. Dragand drop file here r =
3 Fixed DE: Will be created = P Browse ies
it 200MD pet il - JPG., JPLG, P
[ Ppathole.jpg s.1xe x

Welcome!

Road Inspector
Hole: inspector

® Location Information

® Locati © Latituge

12.871600 -+

J Navigation o8, MG

G @ Dashboard & R @ Longitude
I} Additional Information
& Severity Level Size Category & Additional Notes
B Logout Medium - medium - Optional notes about the defect.
B8 Q seach © LQ@'—‘.?Q@@!Q ~e G s 0

Fig .4. Providing location

O & e stk x |4 - o x

€ G O alhosssm t2eg-0

- 3 x

n 6@ -0

1/ Severity Distribution il Status Distribution

Al Road Inspection System
10 Fixed 0B: Will be created "

|4 Please Login to Continue Welcome!
System Status & Usemame. Municipal Ad

admin

1 Y0L0 Mdel: Reacy

— [ Navigation » i
[ Active DB: Found admini23 i § ;
B Fined 05 Wil b creted i @ & AlDatection
| Sl = £ Aclive Repairs
e e it e
@ |4 Fixed Repairs mmm al k Medium  Reported  Roac
@ © Adin Par mmm  aligatorcrack  Medium  Reported  Roa
mmm pothole Medium  Reported  Hoac
&® o suenspnoe@sx n oG ¥ swo o T f 2o RN N N RGN ~ag % ean 02
Fig .4. Admin login page Fig.5. Fixing the repairs

VI.CONCLUSION AND FUTURE WORK

The proposed Smart Road Damage Detection and Maintenance System demonstrates an efficient, reliable, and
scalable approach for automating road inspection using YOLOv8-based defect detection and severity classification. By
accurately identifying cracks, potholes, and surface abnormalities and integrating these results with a structured priority-
based repair workflow, the system significantly improves the accuracy and speed of conventional manual surveys. The
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intuitive dashboard, inspector interface, and automated reporting enable seamless communication between field teams
and administrators, ensuring timely decision-making and effective resource allocation. Experimental evaluations
confirmed that the system performs consistently under varying environmental conditions, providing clear visual
annotations and actionable maintenance recommendations. Although its performance depends on image quality and the
availability of historical road data, the overall results indicate that the system offers a practical and modern solution for
smart municipal infrastructure management, with strong potential for real-world adoption and further enhancement.
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