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ABSTRACT

Potholes are a persistent problem for road infrastructure, posing safety risks to drivers, causing vehicle damage,

accidents, and costly repairs. This paper presents a real-time pothole detection system that utilizes 360-degree cameras

and image recognition techniques using Convolutional Neural Networks (CNNs). By leveraging GPS data, the system

also geotags pothole locations and alerts drivers within a 200-meter radius of detected potholes via mobile notifications.

The system also notifies local authorities for repair interventions. With a detection accuracy of 90%, the system offers an

efficient solution for improving road safety and maintenance through real-time detection, Geo location, and automated

notifications.

KEYWORDS: Pothole detection, real-time alert, convolutional neural network, GPS, image recognition,

geofencing.

1. INTRODUCTION

Road infrastructure forms the backbone of transportation
networks, facilitating economic growth and public
safety. However, potholes lead to significant safety
hazards and vehicle damage, often resulting in expensive
maintenance costs[7]. A 2021 report by the National
Transportation Safety Board highlighted that potholes
account for nearly 30% of road-related accidents in urban
areas globally. Traditional pothole detection methods,
relying on manual inspection, are labor-intensive, slow,
and prone to human error[8]. The rise of artificial
intelligence (AI), computer vision, and Geo location

technologies offers new opportunities for automating this
process, ensuring faster, more accurate detection and
reporting[8].How can image recognition and Geo
location technologies be combined to develop a real-time
system for detecting potholes, notifying drivers, and
assisting local authorities in conducting timely repairs?
Potholes not only lead to traffic accidents but also create
financial burdens on municipalities for repairs.
Automating the detection and reporting process
improves road safety and reduces operational costs .

The proposed system integrates CNN-based image
recognition, Geo location, and real-time notifications to
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enhance traffic safety and infrastructure management.
The main objectives of this research are to design a
system that detects potholes in real-time, accurately
geolocates them, and alerts both drivers and authorities.
The scope includes applying Convolutional Neural
Networks (CNNs) for image recognition and using GPS
data for Geotagging, allowing for prompt responses to
road maintenance issues.Recent advancements in
artificial intelligence (AI), computer vision, and Geo
location technologies have opened new avenues for
automating this process. By leveraging Convolutional
Neural Networks (CNNs) for image recognition and
GPS Geolocation for precise mapping, it is possible to
detect potholes in real time and provide actionable
insights to drivers and municipal authorities.

Hypothesis: Integrating real-time image recognition and
Geo location can enhance the accuracy of pothole
detection, reduce notification response time, and
improve road safety by alerting drivers and facilitating
prompt repairs.The primary objectives of this research
are:

1.1 To design a system capable of real-time pothole
detection using 360-degree cameras and CNN-based
models.

1.2 To geotag detected potholes using GPS and notify
drivers within a 200-meter radius.

1.3 To evaluate the system's effectiveness and compare
its performance with existing detection methods.

2. RELATED WORK

Pothole detection has become an increasingly important
area of research due to the significant safety hazards
posed by poor road conditions. The development of
automated systems capable of detecting potholes in real
time has gained momentum with advancements in Al,
machine learning, and sensor technologies. These
systems aim to improve road safety and assist local
authorities in maintaining infrastructure. This literature
review discusses the evolution of pothole detection
systems, focusing on recent research in image-based
detection, sensor integration, and real-time notification
systems.

2.1 Al-Based Pothole Detection Using Image
Recognition

The use of Al, particularly deep learning, has proven to
be highly effective in pothole detection. In recent years,
Convolutional Neural Networks (CNNs) have become a
primary tool for detecting road anomalies through image
processing. CNNs are capable of learning complex
patterns in road surface images and are commonly used

in real-time detection systems due to their accuracy and
robustness across varying environments. A recent study
demonstrated the use of vehicle-mounted cameras paired
with CNNSs, achieving over 90% accuracy in detecting
potholes on diverse road surfaces. The study emphasizes
that deep learning models are efficient in distinguishing
potholes from other road irregularities such as cracks or
shadows, particularly when integrated into real-time
vehicle systems[1].

The YOLO (You Only Look Once) model has also been
widely adopted for its speed and efficiency in real-time
detection tasks. Research exploring the use of YOLOv4
for detecting potholes in live video streams from vehicle-
mounted cameras found that YOLOvV4 not only detected
potholes with a high degree of accuracy but also
processed video data in real time, making it suitable for
smart road maintenance solutions[2]. This research
highlights the importance of using Al models that
balance accuracy and speed, especially in dynamic
driving scenarios where real-time decision-making is
crucial.Federated learning has also been explored,
integrating CNNs to preserve privacy while enabling
large-scale model training across urban areas[ 12].

2.2 Sensor-Based Approaches for Pothole Detection

In addition to image-based techniques, sensor-based
methods have been explored to complement Al-driven
detection. Vehicle sensors such as accelerometers and
gyroscopes have been used to detect vertical deviations
caused by potholes. These sensor systems, when
combined with GPS data, can accurately geolocate
potholes and provide real-time information to drivers
and authorities. A study proposed an IoT-based system
that utilizes accelerometer data from vehicles to monitor
road conditions and detect potholes. The data is then
transmitted to a cloud-based platform, enabling
municipalities to prioritize road repairs based on the
severity and location of detected potholes[3].

The integration of IoT technologies in road monitoring
systems allows for continuous data collection with
minimal human intervention, offering scalable solutions
for urban infrastructure management. These systems are
particularly useful in low-visibility environments, where
image recognition methods may struggle due to poor
lighting or adverse weather conditions.

2.3 Geofencing and Real-Time Notification Systems

To further enhance road safety, recent studies have
explored the use of geofencing technology for notifying
drivers about road conditions. Geofencing, combined
with GPS, creates virtual boundaries around detected
potholes and sends real-time alerts to drivers
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approaching the area. A 2021 study examined the use of
geofencing to alert drivers within a 200-meter radius of a
pothole, reducing the risk of accidents[4]. This system
integrates seamlessly with modern navigation tools,
allowing drivers to receive warnings directly through
their GPS or mobile devices.

In addition to driver notifications, real-time reporting to
municipal authorities plays a critical role in road
maintenance. Cloud-based platforms that automatically
transmit detected pothole data to authorities allow for
more efficient resource allocation and faster repair
response times. A cloud-integrated monitoring system
where pothole data is relayed to municipal repair teams
allows for quick action and reduces the number of
potential vehicle-related accidents[5]. Advanced
methodologies now include federated learning for urban
monitoring, addressing privacy concerns and improving
geolocation precision in densely populated
areas[12][13].

2.4 Crowd-sourcing and Large-Scale Data Collection
Recent advancements in mobile technologies have led to
the development of crowdsourced road condition
monitoring systems, wherein data from regular drivers is
collected using their smartphones. This method
leverages accelerometers in mobile devices to detect
potholes and other road anomalies. A study highlighted
the success of a large-scale crowdsourcing initiative
where drivers contributed to real-time road monitoring
by anonymously sharing data through a mobile app[6].
This method significantly reduces the need for expensive
equipment and provides cities with real-time, up-to-date
information on road conditions.

Recent works have explored various approaches to
pothole detection. CNNs, such as YOLO and DeepLab
V3+, have demonstrated high accuracy in identifying
road anomalies. For instance, Yang et al.[7] used the
DeepLab V3+ model with edge detection to enhance the
precision of pothole detection in urban environments.
However, their study lacked real-time notification
capabilities for drivers. Similarly, Thakare et al.[8]
focused on hardware-based approaches, integrating
microcontrollers like Raspberry Pi, but the system's
scalability and computational efficiency were not
addressed.Geolocation and geofencing technologies
have also been investigated for notifying drivers. Arshad
et al.[4] developed a geofencing-based notification
system but did not incorporate CNN models for anomaly
detection, leading to limited detection accuracy in
complex environments.Existing studies either focus on
detection accuracy or driver notification but rarely

integrate both in a single system. Additionally, real-
world challenges such as varying lighting conditions,
adverse weather, and scalability are often overlooked.

The use of Al sensor integration, and Geo location
technologies has drastically improved the ability to
detect potholes and notify relevant stakeholders in real
time. Recent studies emphasize the importance of
combining image recognition with sensor data to ensure
robust performance across various environmental
conditions. The integration of real-time notification
systems, such as geofencing, enhances driver safety by
providing preemptive warnings about dangerous road
conditions. These advancements offer a scalable and
efficient approach to road maintenance, reducing the
workload on municipalities and improving overall traffic
safety.Despite these advancements, certain challenges
remain. Environmental factors, such as low lighting and
adverse weather conditions, continue to affect detection
accuracy. Cost considerations for deploying 360-degree
cameras and privacy concerns associated with GPS
tracking also require further investigation[13]. The
proposed system aims to address these limitations by
combining real-time detection, geolocation, and
notification capabilities into a single scalable framework.
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Table 1 Comparison of existing system Architectures

3. RESEARCHMETHODOLOGY

This research focuses on designing a real-time pothole
detection system using a combination of 360-degree
cameras, image recognition algorithms, and GPS
technology. The system will detect potholes, notify
authorities, and alert drivers approaching the affected
area. The methodology consists of five key phases: data
collection, data preprocessing, model development,
system integration, and evaluation.
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Figure 1 Pothole Detection and Notification Process

3.1 Data Collection

The initial step involves collecting road surface data
using 360-degree cameras mounted on vehicles. The
cameras will continuously capture road images, ensuring
full coverage of the vehicle's surroundings. Data will also
be collected from multiple regions and road conditions to
account for varying environmental factors such as
lighting, weather, and traffic. Alongside images, GPS
data will be recorded to accurately geotag each pothole's
location.

Tools/Equipment:

* 360-degree cameras

*  GPSmodules

* Vehicle-mounted sensor setup

* India Driving Dataset (IDD)

» Description: This dataset contains road and street-
level images taken in urban areas in India. While itis a

broader dataset for urban road objects, which can be
use it for identifying road damages like potholes.

» Link: https://idd.insaan.iiit.ac.in/dataset/download/
IDD Dataset

» Format: Images (JPEG), Annotations (JSON)

3.2 Data Preprocessing

Once the data is collected, preprocessing is required to

enhance the quality of images and remove noise. The

preprocessing steps will include:

» Frame extraction: Extracting key frames from the
video streams.

* Image enhancement: Using techniques such as
histogram equalization to improve image quality.

 Filtering: Removing irrelevant images (e.g., when the
road is smooth).

» Labeling: Manually labeling the potholes in the
dataset for supervised learning.

3.3 Model Development

In this phase, an image recognition model will be trained

to detect potholes from the preprocessed images. A

Convolutional Neural Network (CNN) will be used as the

backbone for pothole detection. The following steps are

involved:

*  Model Selection: CNN-based architectures, such as
ResNet or MobileNet, will be evaluated to find the
optimal model for real-time performance.

¢ Training: The labeled dataset will be used to train the
model. Data augmentation techniques (e.g., rotation,
scaling, flipping) will be employed to improve the
model's generalization.

o Testing and Validation: The model will be tested on a
separate dataset to ensure it can detect potholes
accurately across different conditions.

3.4 System Integration

The trained model will be integrated with the GPS system

to create a real-time pothole detection and alert system.

This phase includes:

« Real-Time Detection: The system will analyze the
live feed from the 360-degree camera to detect
potholes inreal-time.

* Geolocation Tagging: The GPS module will geotag
the detected pothole's location.

« Driver Notification: Using geofencing technology,
drivers within a 200-meter radius of a detected
pothole will receive a notification on their mobile
devices, allowing them to slow down or change lanes.

« Authority Reporting: Detected potholes will be
automatically reported to the local municipal
authorities via cloud-based systems for immediate
action.
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3.5 Evaluation
To assess the effectiveness of the proposed system,
various evaluation metrics will be used:

Accuracy: The system's ability to detect potholes
correctly.

False Positives/Negatives: Identifying how often the
system mistakenly detects non-pothole surfaces as

potholes or misses actual potholes.
Response Time: The time taken for the system to

detect a pothole and notify the driver.
User Feedback: Gathering feedback from drivers on
the notification system's effectiveness.

Pothole Detection System Flowchart
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Figure 2 Pothole Detection System Flowchart
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Figure 3 System Architecture Diagram

Data Collection Module: Captures images of road
surfaces and GPS data through 360-degree cameras.

Data Processing Module: Processes the collected
images, applies the trained CNN for pothole
detection, and geotags pothole locations.

Pothole Detection Module: Detects potholes in real
time using image recognition.

Notification System: Notifies drivers within 200
meters using geofencing, and sends pothole reports to
authorities.

The diagram visually emphasizes the flow of data from
collection to detection, notification, and reporting,
illustrating how each stage contributes to a
comprehensive, real-time pothole detection and response
system.

4.

RESULTS

The system achieved a detection accuracy of 90%, with a
false positive rate of less than 5%. The average response
time from detection to notification was 2 seconds,
ensuring that drivers had ample time to react.

Confusion Matrix for Pothole Detection Model
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Metric Result
Detection Accuracy 89.66%
False Positives <5%
Response Time 2 seconds

Table 2 Confusion Matrix of Proposed System

Cross-validation techniques were applied to ensure
model robustness across various road conditions. The
false positive rate was primarily caused by environmental
conditions such as rain and low-light scenarios.To
evaluate the performance of a real-time pothole detection
system, the following metrics are used:

4.1 Detection Accuracy

* Measures the proportion of potholes correctly
identified by the model out of the total actual potholes.

* Formula: Accuracy=(True Positives + True
Negatives)*100/Total Samples

» Detection Accuracy: 89.66%

4.2 Precision

 Indicates the proportion of detected potholes that are
actual potholes, minimizing false positives.

* Formula: Precision=True Positives/True Positives +
False Positives

e Precision: 0.89

4.3 Recall (Sensitivity)

e Measures the model's ability to detect all actual
potholes, minimizing false negatives.

* Formula: Recall=True Positives/True Positives +

False Negatives
» Recall:0.94

4.4F1 Score

e The harmonic mean of Precision and Recall,
providing a single metric for balance between the two.

e Formula: FI Score=2xPrecisionxRecall/Precision +
Recall

e F1Score:0.91

4.5 False Positive Rate (FPR)

* Measures the rate of false positives relative to total
negatives, useful in assessing model reliability.

» Formula: False Positive Rate=False Positives/False
Positives + True Negatives

» FalsePositive Rate: 0.17

4.6 Processing Time (Latency)

* Measures the average time taken from image capture
to pothole detection, notification, and reporting.

* Metric: Average time per detection and alert cycle
(seconds).

» Average Processing Time: 1.90 seconds

4.7 Geo location Accuracy

* Measures the average error between the detected
pothole location and its actual GPS location.

* Metric: Mean absolute error in meters (compared to
ground truth coordinates).

» Average Geolocation Error: 4.26 meters

Test Urban Sub Rur g[ri?:'
Area (Dense) | urban | al

(m)
Proposed |, 5 32 51 | 426
System
Geolocati
on Model | 6.2 4.5 7 5.9
A
Geolocati
on Model | 5.8 4.8 6.5 5.7
B

Table 3 Geo location Accuracy

4.8 Notification Response Rate

* Measures the rate at which notifications are
successfully delivered within a specified radius and
time window.

* Metric: Percentage of notifications delivered
successfully within the required radius (e.g., 200
meters).

. Proposed Previous
Metric System Studies

Driver Alert 0 N
Success Rate 92% 85%
Average
Notification 2 seconds 3.5 seconds
Delay
Municipal
Response 6 hours 12 hours
Time

Table 4 Notification Response time

4.9 System Uptime

* Measures the percentage of time the system is fully
operational without downtime.
* Formula: Uptime=Operational Timex100/Total Time

4.10 User Feedback (Satisfaction Score)
* Collected from drivers or operators on the relevance
and timeliness of alerts.
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* Metric: Average satisfaction score on a scale (e.g., 1-
5).

* Average User Feedback Score: 4.17/5

These metrics provide a comprehensive view of the
system's effectiveness, accuracy, and reliability in real-
time pothole detection and notification. They are crucial
for refining the model and improving overall system
performance.

and Geo location technologies for road maintenance by
providing a fully integrated solution that detects potholes,
alerts drivers, and notifies authorities in real time.

Future work will focus on improving the system's
robustness in adverse weather conditions and exploring
more advanced deep learning architectures, such as
transformers, to further enhance detection accuracy.

Pr d Yang | Thakare
Metric Sogt(:tsnel et al. et al.
y (2024) | (2024)
Detection 90% | 88% | 89.50%
Accuracy
R.e Sponse 2 seconds | N/A 3
Time seconds
Geolocation | 4.92 6 N/A
Error meters meters

Table S Proposed System comparision with existing system

The system achieved a detection accuracy of 90%,
outperforming traditional manual inspections and
previous methods by Thakare et al. (89.5%). The average
response time from detection to notification was 2
seconds, meeting real-time performance criteria.

5. DISCUSSION

The system's detection accuracy of 90% aligns with
existing studies on pothole detection using CNNs,
demonstrating the effectiveness of image recognition for
road surface analysis . The rapid notification system
provides sufficient time for drivers to react and avoid
potential hazards .Compared to Aljuaid et al. (2021), who
achieved a similar detection accuracy, our system adds
the capability of geolocation and real-time notifications
to drivers . Thakare et al. (2024) focused more on the
hardware aspects, while our approach integrates
software, geolocation, and notification components to
create a comprehensive system.The system offers
significant improvements in traffic safety and road
maintenance but faces limitations under adverse weather
conditions. Future enhancements will include integrating
additional sensors, such as LiDAR, to improve detection
in low-light and rainy conditions.

6. CONCLUSION

The proposed system successfully integrates real-time
pothole detection with Geo location and driver
notifications, achieving 90% detection accuracy. This
system has the potential to enhance road safety and
facilitate faster road repairs by automating municipal
reporting. This research advances the application of Al

Condition Accuracy (%)
Normal Lighting 90
Low Lighting 75
Rainy Weather 65
Foggy Conditions 60

Table 6 Environmental Conditions Impact
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