POTHOLE DETECTION AND ALERTING

Submitted in partial fulfillment of the
Requirements for the award of
Bachelor of Technology Degree in Information Technology

By

JAGADEESH V (40120038)
AVINASH K (40120014)
ALOYSIUS JOSEPH (40120009)

|

SIST

-

~
U N
N7CE i EREVOLU“O g

DEPARTMENT OF INFORMATION TECHNOLOGY
SCHOOL OF COMPUTING

SATHYABAMA

INSTITUTE OF SCIENCE AND TECHNOLOGY
(DEEMED TO BE UNIVERSITY)
Category-1 University by UGC
Accredited with Grade “A++” by NAAC | 12B Status by UGC |
Approved by AICTE

JEPPIAR NAGAR, RAJIV GHANDHISALAI,
CHENNAI-600119

APRIL - 2024



am—
/ e

/4 rw
@
( te '. ' )

\\ “ -
N
NG

SATHYABAMA

INSTITUTE OF SCIENCE AND TECHNOLOGY
. (DEEMED TO BE UNIVERSITY)
Accredited "A++" Grade by NAAC | 12B Status by UGC | Approved by AICTE

www.sathyabama.ac.in

BONAFIDE CERTIFICATE

This is to certify that this Project Report is the bonafide work of Avinash k (40120014),
Jagadeesh V (40120038), Aloysius Joseph (40120009) who carried out the Project
entitles “Pothole Detection and Alerting” under my supervision from January 2024

to April 2024.
\M)\)&
<\

Internal Guide
Ms. J. MERLIN MARY JENITHA M. Tech.,

LAY
Head of the Department

Dr. R. SUBHASHINI M.E., Ph.D.,

Submitted for Viva voce Examination held on__| _"L, Of] K024

M‘”
Internal E\x\aminer Ext%}nal Exx}f\i&;w\




DECLARATION

|, Jagadeesh V (40120038), hereby declare that the Project Phase-2 Report entitled
“pothole Detection and Alerting” done by me under the guidance of Ms. MERLIN
MARY JENITHA M. Tech., is submitted in partial fulfilment of the requirements for the
award of Bachelor of Technology degree in Information Technology.

DATE: \’Flo’f)o?oa”r OZ‘WJG@SA .

PLACE: Chennai SIGNATURE OF THE CANDIDATE



ACKNOWLEDGEMENT

| am pleased to acknowledge my sincere thanks to Board of Management of
SATHYABAMA INSTITUTE OF SCIENCE AND TECHNOLOGY for their kind
encouragement in doing this project and for completingit successfully. | am grateful

to them.

| convey my thanks to Dr. T. SASIKALA M.E., Ph. D., Dean, School of Computing,
DR. R. SUBHASHINI M.E., Ph. D., Head of the Department of Information
Technologyfor providing me necessary support and details at the righttime during
the right time during the progressive reviews.

| would like to express my sincere and deep sense of gratitude to my Project Guide
Ms. J. Merlin Mary Jenitha M. Tech., for her valuable guidance, suggestions and
constant encouragement paved way for the successful completion of my project

work.

| wish to express my thanks to all Teaching and Non-teaching staff members of the
Department of Information Technology who were helpful in many ways for the

completion of the project.



ABSTRACT

Pothole Alert and Detection is a cutting-edge system designed to address the growing
issue of road deterioration and its implications on public safety. By incorporating live
Google Maps integration and an email report system, this innovative solution aims to
provide real-time information about pothole locations, assisting authorities in efficiently
addressing road maintenance. The system utilizes advanced detection techniques,
such as computer vision and sensor technology, to identify and monitor road
conditions. By generating alerts on the live Google Maps platform, users can be
promptly notified about potholes in their vicinity, promoting safer driving experiences.
Additionally, the email report system allows users to report and provide detailed
information about potholes they encounter, facilitating a streamlined communication
channel between the public and relevant authorities. Furthermore, this system enables
easy analysis of pothole data, enabling authorities to prioritize and plan road repairs
more effectively. Overall, Pothole Alert and Detection with live Google Maps
integration and email report system revolutionizes the way pothole detection and

reporting are handled, promoting road safety and efficient road maintenance practices.
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CHAPTER 1
INTRODUCTION

Introducing Pothole Alert and Detection, an innovative solution designed to address
the persistent problem of potholes on our roads. With its live Google Maps integration
and email report system, this cutting-edge technology aims to revolutionize the way
we detect and report potholes, enabling faster repairs and safer road conditions.

Potholes are a common nuisance that can cause significant damage to vehicles, pose
risks to drivers and pedestrians, and result in costly repairs for local authorities.
Pothole Alert and Detection combines advanced sensor technology with real-time
mapping to detect and locate potholes accurately. By using data from various sources
such as vehicle-mounted sensors, cameras, and GPS, this system can identify and

pinpoint potholes on road surfaces.

The live Google Maps integration feature allows users to visualize the location and
severity of potholes in real-time. By overlaying this valuable information onto the
familiar Google Maps interface, motorists can plan their routes accordingly, avoiding
areas with a high concentration of potholes and minimizing potential damages to their
vehicles. This integration also aids local authorities in identifying problem areas that
require immediate attention, streamlining the repair process and improving road safety

overall.

Additionally, Pothole Alert and Detection incorporates an email report system to
simplify the reporting of potholes by the public. Users can easily capture images of
potholes using their smartphones and send them directly to the system via email. The
system then generates a comprehensive report that includes the exact location,
severity, and timestamps of each reported pothole. This automated process eliminates
the need for manual data entry, reduces administrative workload, and ensures that

every reported pothole is recorded accurately.

The email report system also serves as a valuable tool for local authorities to prioritize
and plan pothole repairs. By receiving real-time reports, they can quickly assess the

severity and scale of the pothole problem. The system provides key insights into the

1



maintenance performance of road networks and enables authorities to allocate

resources effectively, focusing on areas with the highest need for repairs.

In conclusion, Pothole Alert and Detection combines the power of live Google Maps
integration and an efficient email report system to tackle the persistent issue of
potholes. By providing accurate and real-time information, this solution empowers
motorists to navigate safer roads, while also assisting local authorities in prioritizing
repairs and allocating resources effectively. With Pothole Alert and Detection, we are
taking a significant step towards creating smoother, more reliable road networks for

everyone to enjoy.

The state of our road infrastructure has a direct impact on road safety, vehicular
maintenance costs, and overall transportation efficiency. Potholes, in particular,
represent a ubiquitous problem on road networks worldwide. These depressions or
holes in the road surface are not only a nuisance for drivers but also a significant
hazard, leading to accidents, vehicle damage, and increased maintenance costs for
both individuals and governments. Addressing the issue of potholes is crucial not only
for the safety of road users but also for optimizing transportation systems and
minimizing the economic burden they impose. Over the years, various approaches

have been employed to detect and address potholes.

Traditional methods involve manual inspection, which is not only time consuming and
labour-intensive but also prone to human error. Furthermore, the frequency of
inspections may not be sufficient to identify potholes in a timely manner, especially in
vast road networks. As a result, there is a pressing need for innovative and automated
solutions that can expedite the detection of potholes, enable swift repairs, and provide
real-time alerts to motorists and road maintenance authorities. The advent of
technology, particularly in the domains of computer vision, sensor networks, and data

analytics, has opened up new possibilities for addressing the pothole problem.



CHAPTER 2
LITERATURE SURVEY

2.1 INFERENCE FROM LITERTURE SURVEY

[1] Kaushik, V., & Kalyan, B. S. (2022, September). Pothole Detection System: A
Review of Different Methods Used for Detection. In 2022 Second International
Conference on Computer Science, Engineering and Applications (ICCSEA) (pp.
1-4). IEEE.

This survey serves as a comprehensive examination of the various techniques and
technologies employed in pothole detection systems. It aims to provide a thorough
understanding of the methods used to detect potholes on roads. By reviewing and
analyzing these diverse approaches, the survey sheds light on their strengths,
weaknesses, and real-world applicability. This knowledge is crucial for researchers,
engineers, and policymakers seeking to enhance road safety and maintenance. The
survey's insights can guide the development of more effective and efficient pothole
detection systems, ultimately contributing to safer and more reliable road

infrastructure.

[2] Bhatlawande, S., Deshpande, A., Deshpande, S., & Shilaskar, S. (2022, May).
Proactive detection of Pothole and walkable path for safe mobility of visually
challenged. In 2022 3rd International Conference for Emerging Technology
(INCET) (pp. 1-5). IEEE.

This survey places a strong emphasis on enhancing the safety and mobility of visually
challenged individuals by proactively detecting potholes and identifying safe
pathways. It delves into the methods and technologies specifically designed to
address the unique challenges faced by people with visual impairments. By examining
proactive detection strategies and their integration with accessibility solutions, this
survey contributes to making urban environments more inclusive and navigable for

individuals with disabilities.

[3] Chougule, S., & Barhatte, A. S. (2022). Survey on Pothole Detection Methods.
Grenze International Journal of Engineering & Technology (GIJET), 8(2).
This survey undertakes a comprehensive exploration of the wide array of techniques

and methodologies used for pothole detection. It aims to provide a detailed overview



of the current landscape of pothole detection methods. By summarizing and evaluating
these methods, it offers valuable insights into their effectiveness, reliability, and
practicality in real-world scenarios. This survey is a valuable resource for researchers,
engineers, and practitioners involved in road maintenance and infrastructure
management, as it helps them make informed decisions about the selection and

implementation of pothole detection technologies.

[4] Sathya, R., & Saleena, B. (2022). A framework for designing unsupervised
pothole detection by integrating feature extraction using deep recurrent neural
network. Wireless Personal Communications, 126(2), 1241-1271.
This survey introduces a novel framework for pothole detection, highlighting its unique
unsupervised nature and its integration of feature extraction through deep recurrent
neural networks. The framework's emphasis on unsupervised learning makes it
particularly intriguing, as it reduces the need for labeled data, which can be a
significant challenge in developing pothole detection systems. By exploring the
technical aspects of this approach, including deep learning techniques, it provides
valuable insights into the potential of cutting-edge technology for improving road safety

and infrastructure maintenance.

[5] Arulananth, T. S., Baskar, M., Thrishma, K., Srilekha, N., supraja, S., &
Ravalika, C. (2022). Pothole Detection Using Arduino and Ultrasonic Sensors. In
Advanced Techniques for IoT Applications: Proceedings of EAIT 2020 (pp. 435-
442). Springer Singapore.

This survey centers on a distinctive method of pothole detection that utilizes readily
available and cost-effective technologies, namely Arduino microcontrollers and
ultrasonic sensors. It delves into the mechanics of this approach, explaining how these
components can be employed to detect potholes effectively. By offering an accessible
and affordable solution, this survey aims to contribute to the widespread adoption of
pothole detection systems, potentially leading to safer roads and reduced
maintenance costs. It highlights the practicality and feasibility of using such
technologies, making it relevant to both researchers and practitioners in the field of

transportation and road maintenance.



[6] Bhavana, K., Munappa, S., Bhavani, K. D., Deshmanth, P., Swathi, A., &
Vanga, S. R. (2023, March). Automatic Pothole and Humps on Roads Detection
and Notification Alert. In 2023 Second International Conference on Electronics
and Renewable Systems (ICEARS) (pp. 1-6). IEEE.

This survey focuses on automating the detection of both potholes and road humps,
accompanied by real-time notification alerts. Its primary goal is to enhance road safety
by promptly alerting drivers or relevant authorities to road hazards. By integrating
detection and notification systems, this survey aims to improve response times and
mitigate potential accidents or damage to vehicles. It addresses the need for proactive
road maintenance and monitoring, especially in areas prone to potholes and road
irregularities. Researchers and transportation officials can benefit from the insights
presented in this survey to develop more efficient and safer road infrastructure.

[7] Rajan, D. R., Faizan, M. K., Kundelu, R., Nandal, N., & Gunda, V. S. (2023,
March). Deep Learning Based Pothole Detection. In 2023 International
Conference on Emerging Smart Computing and Informatics (ESCI) (pp. 1-5).
IEEE.

This survey delves into the application of deep learning techniques for pothole
detection. It explores the use of advanced neural networks and deep learning
algorithms to enhance the accuracy and efficiency of pothole detection systems. Deep
learning has shown promise in various fields, including computer vision, and this
survey assesses its potential in improving road safety. By examining the nuances and
challenges of implementing deep learning for pothole detection, it provides valuable
guidance for researchers and engineers seeking to harness the power of artificial

intelligence in transportation and infrastructure management.

[8] Anandhi, R. J., Baswaraju, S., Silpa, S., Nandagopalan, S. P., & Rao, S. J.
(2022, February). Survey on IOT Based Pothole Detection. In 2022 IEEE Delhi
Section Conference (DELCON) (pp. 1-6). IEEE.

This survey offers a comprehensive overview of pothole detection methods that
leverage the Internet of Things (loT) technology. It explores how loT devices and
connectivity can be used to enhance the monitoring and reporting of potholes on
roads. By examining the integration of I0T sensors and data analytics in road

maintenance, this survey addresses the growing interest in smart and connected



infrastructure. It provides valuable insights into the potential benefits and challenges
of adopting loT-based solutions for more efficient and responsive road maintenance
practices. Researchers, policymakers, and infrastructure professionals can use this
survey to explore innovative approaches to pothole detection and road safety.

[9] SB, B. K., Guhan, S., Kishore, M., & Santhosh, R. (2023, March). Real-time
Pothole Detection using YOLOV5 Algorithm: A Feasible Approach for Intelligent
Transportation Systems. In 2023 Second International Conference on
Electronics and Renewable Systems (ICEARS) (pp. 1678-1683). IEEE.
This survey highlights a real-time pothole detection approach that leverages the
YOLOV5 algorithm, specifically tailored for intelligent transportation systems. It
underscores the feasibility and practicality of this approach in enhancing road safety
and infrastructure management. YOLOV5 is a state-of-the-art deep learning algorithm
known for its real-time object detection capabilities, and this survey explores its
potential in the context of pothole detection. By emphasizing its relevance to intelligent
transportation systems, it addresses the need for advanced technology solutions in
modern road networks. Researchers, transportation professionals, and technology
enthusiasts can gain valuable insights into the application of cutting-edge algorithms

for safer and more efficient roads.

[10] Musa, A., Hamada, M., & Hassan, M. (2022). A Theoretical Framework
Towards Building a Lightweight Model for Pothole Detection using Knowledge
Distillation Approach. In SHS Web of Conferences (Vol. 139, p. 03002). EDP
Sciences.

This survey introduces a theoretical framework for developing a lightweight model
dedicated to pothole detection, employing a knowledge distillation approach.
Knowledge distillation is a technique that focuses on transferring knowledge from a
larger, more complex model to a smaller, more efficient one. This survey explores the
potential benefits of applying knowledge distillation in the field of pothole detection,
aiming for a balance between accuracy and computational efficiency. By providing a
theoretical foundation for this approach, it offers guidance to researchers and
practitioners looking to optimize pothole detection systems, making them more
resource-efficient while maintaining high accuracy. This theoretical framework is a

valuable contribution to the ongoing efforts to enhance road.



2.2 EXISTING AND PROPOSED SYSTEM
2.2.1 EXISTING SYSTEM

The existing system for Pothole Alert and Detection with live Google Maps integration
and email report system has several disadvantages. Firstly, the reliance on live Google
Maps integration can be problematic as it heavily relies on the accuracy and real-time
updates of the map data. Any discrepancy or delay in the map data can lead to
incorrect or outdated information about the location and severity of potholes, which
can hinder the effectiveness of the system in alerting drivers and authorities.
Additionally, the system's dependence on internet connectivity poses a significant
disadvantage. In areas with poor or no internet connection, the real-time reporting and
alerting features may not function properly, rendering the system ineffective in those
regions. Moreover, the email report system utilized by the existing system may not be

the most efficient means of communication.

2.2.2 PROPOSED SYSTEM

The proposed work aims to develop a Pothole Alert and Detection system that
integrates live Google Maps and incorporates an email report system. The primary
objective is to detect potholes on roads in real-time and alert drivers, local authorities,
and road maintenance teams, ensuring prompt repairs and enhancing road safety.
The system will utilize image recognition and computer vision techniques to detect and
identify potholes accurately. It will be trained with a vast database of labeled images
of various road conditions, allowing it to distinguish between regular road surfaces and
potholes with precision. To ensure real-time monitoring, the system will be integrated
with Google Maps API, accessing street view images and actively scanning for pothole
patterns. Any identified potholes will be marked on the map, providing drivers with

valuable information about the road ahead.



2.3 PROBLEMS IN EXISTING SYSTEM

1.Accuracy and False Positives: Many current systems rely on sensors and cameras
to detect potholes, but they often generate false positives due to factors like poor
weather conditions, road markings, or minor road imperfections. Improving the

accuracy of detection while reducing false alarms remains a significant challenge.

2.Real-time Data Processing: Timely detection of potholes is crucial for effective
alerting. Processing the vast amount of data from sensors and cameras in real-time to
provide immediate alerts to drivers or authorities is a complex task that needs

optimization.

3.Integration with Navigation Systems: Seamless integration with GPS and navigation
systems is essential for alerting drivers about potholes in their path. Ensuring

compatibility with various navigation apps and vehicle models is a challenge.

4.Data Privacy and Security: Pothole detection systems often collect a wealth of data,
including video footage of roads. Ensuring the privacy and security of this data while

transmitting and storing it is a critical concern.

5.Infrastructure and Maintenance Deploying and maintaining the necessary
infrastructure for widespread pothole detection is expensive and requires coordination
with local authorities. Ensuring the long-term sustainability of these systems is an open

problem.

6.Adverse Weather Conditions: Potholes can be especially dangerous during adverse
weather conditions like heavy rain or snow. Developing detection methods that work

reliably in all weather scenarios is a challenge.

7.Cost Efficient: Making pothole detection and alerting system cost-effective for
widespread adoption, especially in economical disadvantaged areas, is a persistent
problem.



2.4 FEASIBILITY STUDY

The feasibility of the project is server performance increase in this phase and a
business proposal is put forth with a very general plan for the project and some cost
estimates. During system analysis, the feasibility study of the proposed system is to
be carried out. For feasibility analysis, some understanding of the major requirements
for the system is essential.

Three key considerations involved in the feasibility analysis are

e Economical feasibility

e Technical feasibility

e Operational feasibility

2.4.1 ECONOMICAL FEASIBILITY

This study is carried out to check the economic impact that the system will have on
the organization. The amount of funds that the company can pour into the research
and development of the system is limited. The expenditures must be justified. Thus
the developed system as well within the budget and this was achieved because most
of the technologies used are freely available. Only the customized products had to be

purchased.

2.4.2 TECHNICAL FEASIBILITY

This study is carried out to check the technical feasibility, that is, the technical
requirements of the system. Any system developed must not have a high demand on
the available technical resources. This will lead to high demands being placed on the
client. The developed system must have modest requirements, as only minimal or null

changes are required for implementing this system.

2.4.3 OPERATIONAL FEASIBILITY

The aspect of the study is to check the level of acceptance of the system by the user.
This includes the process of training the user to use the system efficiently. The user
must not feel threatened by the system, instead must accept it as a necessity. The
level of acceptance by the users solely depends on the methods that are employed to

educate the user about the system and to make him familiar with it.



CHAPTER 3
METHODOLOGY

The proposed work aims to develop a Pothole Alert and Detection system that
integrates live Google Maps and incorporates an email report system. The primary
objective is to detect potholes on roads in real-time and alert drivers, local authorities,

and road maintenance teams, ensuring prompt repairs and enhancing road safety.

The system will utilize image recognition and computer vision techniques to detect and
identify potholes accurately. It will be trained with a vast database of labeled images
of various road conditions, allowing it to distinguish between regular road surfaces and
potholes with precision. To ensure real-time monitoring, the system will be integrated
with Google Maps API, accessing street view images and actively scanning for pothole
patterns. Any identified potholes will be marked on the map, providing drivers with
valuable information about the road ahead.

Additionally, an alert mechanism will be implemented to notify drivers immediately
when approaching a road segment with identified potholes. This notification can be
delivered through a dedicated mobile application, SMS, or even through voice
assistance systems in vehicles. This will help drivers take precautionary measures and

avoid potential damage to their vehicles.

Furthermore, the proposed system will include an email report system that sends
automated reports to relevant authorities and road maintenance teams. These reports
will include the location, severity, and other important details about detected potholes.
The email alerts will ensure that concerned authorities are promptly informed, enabling
them to take appropriate actions such as scheduling repairs, redirecting traffic, or

implementing temporary measures to prevent accidents.
The integration of Google Maps not only provides accurate location information but

also enhances the overall user experience. Users can easily access the map, view the

marked potholes, and plan alternative routes to avoid them.
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The live integration ensures that the system remains up-to-date with ever-changing
road conditions, offering a comprehensive and efficient solution to address the pothole

problem.

In conclusion, the proposed Pothole Alert and Detection system with live Google Maps
integration and email report system will contribute significantly to road safety by
detecting and alerting users about potholes in real-time. By employing advanced
image recognition techniques and leveraging the power of Google Maps, this system
ensures accurate pothole identification and provides valuable information to drivers,
local authorities, and road maintenance teams. The proactive nature of this system
will result in timely repairs and an overall improvement in road conditions, ultimately

creating safer and more efficient transportation networks.

3.1 FLOW CHART

Vehicle

Detects Pothole

!

Pothole Detection Systemn

AN

Alert Send Data
Driver Central System

Analyze Data

!

‘ Maintenance Team

Figure 3.1: flow chart
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3.2 SELECTED METHODOLOGY OR PROCESS MODEL

3.2.1 Pothole Alert and Detection Module:

The first module of the proposed system is the Pothole Alert and Detection module.
This module is responsible for detecting and alerting the presence of potholes on
roads. It utilizes advanced sensors and cameras to identify the size, depth, and
location of potholes accurately. These sensors can be fitted on vehicles, such as cars
or public transport buses, which constantly capture real-time data about road
conditions. The captured data is then processed using image processing and deep
learning algorithms to identify potential potholes. Once a pothole is detected, an alert
is generated, notifying the relevant authorities about its presence. This module plays
a crucial role in the overall system as it forms the basis for identifying and addressing

road damage efficiently.

3.2.2 Live Google Maps Integration:

The second module of the proposed system is the Live Google Maps integration. This
module is responsible for integrating the pothole data with Google Maps, providing
real-time information about the location and severity of potholes. By integrating with
Google Maps, users can access this information directly from their smartphones or
other devices. Users will be able to view a live map on their devices, which will display
the location of potholes as detected by the system. This module not only enables
individuals to plan their routes more effectively but also provides valuable information
to authorities responsible for road maintenance. By having this integration with Google
Maps, users can benefit from accurate and up-to-date data regarding potholes, leading

to improved road safety and better decision-making.
3.2.3 Email Report System:
The third module of the proposed system is the Email Report System. This module is

responsible for generating comprehensive reports about the identified potholes and
sending them to the relevant stakeholders via email. These stakeholders may include

12



local government agencies, road maintenance departments, or even individual users
who have reported potholes. The reports generated by this module will include detailed
information about each pothole, such as its location, size, severity, and the date it was
detected. Additionally, the reports can also include photographic evidence of the
potholes to provide a visual representation. By providing these detailed reports, the
system enables efficient communication and coordination between all parties involved
in road maintenance and repair. This module ensures that all stakeholders have
access to accurate and comprehensive information, facilitating prompt action and

reducing the time required to address pothole-related issues.

3.3 COMPONENTS OF POTHOLE DETECTION SYSTEM

A comprehensive PDAS consists of several key components that work together to

detect, report, and address potholes effectively.

3.3.1 Sensor Array

The sensor array is responsible for collecting data about road conditions. It can include
accelerometers, Lidar sensors, infrared sensors, and cameras. These sensors are
strategically placed on vehicles, roadside infrastructure, or embedded in the road

surface.

3.3.2 Data Processing Unit
The data processing unit receives data from the sensor array. It preprocesses the data
and applies machine learning algorithms to identify potential potholes. This unit is often

equipped with 0T connectivity for real-time data transmission.

3.3.3 Communication Network
A robust communication network is essential for transmitting data from the data
processing unit to a central server or cloud-based platform. This network ensures that

data is relayed in real time for analysis and action.

13



3.3.4 Central Server or Cloud Platform

The central server or cloud platform serves as the brain of the PDAS. It receives data
from multiple sources, performs advanced analytics, and generates alerts when
potholes are detected. It also stores historical data for trend analysis and maintenance

planning.

3.3.5 User Interface and Alerting Mechanisms

PDAS typically includes user interfaces for various stakeholders. Motorists may
receive real-time alerts through mobile apps or in-vehicle systems. Road maintenance
authorities and city planners can access dashboards and reports for infrastructure

planning and repairs.

3.4 ARCHITECTURE

Sensor Input
Pothole Detection
Google Maps Integration Email Report System

Live Map Update Alert Notification

Figure 3.2: Architecture
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3.5 DEVELOPMENT AND DEPLOYMENT DETAILS

3.5.1 Hardware Configuration

The hardware configuration plays a critical role in the success of a Pothole Detection
and Alerting system. The selected components should be capable of capturing high-
guality images or video frames, processing them in real-time, and communicating

alerts effectively. Here's a detailed breakdown of the hardware components:

Camera Module:

The camera module is a key component responsible for capturing images or video
footage of the road surface. High-resolution cameras with good low-light performance
are essential to ensure accurate detection of potholes under various lighting
conditions. Consideration is given to the field of view, image clarity, and frame rate to

capture real-time information.

Microcontroller/Embedded System:

A powerful microcontroller or embedded system is employed to process the captured
images and make decisions regarding the presence of potholes. This system should
have sufficient computational power and memory to run image processing algorithms
efficiently. Popular choices include Raspberry Pi, Arduino, or custom-designed
embedded systems.

Communication Module:

A communication module is integrated to enable the system to send alerts to relevant
stakeholders. This module can include technologies such as GSM, Wi-Fi, or other
wireless communication protocols. The choice of communication technology depends
on factors such as the deployment environment and the range of communication

required.
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3.5.2 Software Configuration

The software stack is designed to complement the hardware configuration and
facilitate the seamless functioning of the Pothole Detection and Alerting system. A
well-optimized software setup is crucial for efficient image processing, accurate

algorithm execution, and reliable communication. Key software components include:

Operating System:

Selecting an appropriate operating system is crucial for embedded systems.
Lightweight and real-time operating systems are often preferred for resource-
constrained devices. Common choices include Raspbian for Raspberry Pi or custom-
built Linux distributions tailored for embedded systems.

-Image Processing Libraries:

State-of-the-art image processing libraries, such as OpenCV (Open Source
Computer Vision Library), are utilized for implementing algorithms that detect potholes.
These libraries provide a rich set of tools for image manipulation, feature extraction,

and pattern recognition.

Communication Protocols:

Robust communication protocols are implemented to ensure reliable transmission of
alerts. The system may use protocols like HTTP, MQTT, or custom protocols
depending on the requirements. Encryption and security measures are considered to
protect the integrity of transmitted data.

User Interface:

An intuitive user interface is developed to allow users to configure system settings,
view alerts, and monitor the system's status. This can be a web-based interface, a
mobile application, or a combination of both. User experience considerations are taken
into account to make the interface accessible and user-friendlyThis setup lays the
foundation for accurate pothole detection, efficient communication, and user-friendly
interaction. The subsequent sections will delve into the algorithms employed for
pothole detection and the testing methodologies used to validate the system's

performance.
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3.5.3 ALGORITHMS

1. Image Acquisition:
- The process begins with the acquisition of images or video frames from the
connected camera module. A continuous stream of visual data is fed into the algorithm

for real-time analysis.

2. Pre-processing:
- To enhance the quality of the captured images, pre-processing techniques are
applied. This may include noise reduction, contrast adjustment, and image

normalization to improve the clarity of potential potholes.

3. Feature Extraction:

- Computer vision techniques are employed to extract relevant features from the pre-
processed images. Features indicative of potholes may include variations in color,
texture, or depth. The algorithm aims to identify unique patterns associated with the

presence of road irregularities.

4. Machine Learning Classification:

- The extracted features are fed into a machine learning classifier, often utilizing
convolutional neural networks (CNNs) for their effectiveness in image-related tasks.
The classifier is trained on a dataset that includes images with and without potholes.
During operation, it determines the likelihood of a detected feature corresponding to a

pothole.

5. Decision-Making:

- The final step involves decision-making based on the output of the machine
learning classifier. If the algorithm determines a high likelihood of a pothole, an alert
is triggered. The algorithm ensures a balance between sensitivity and specificity to

minimize false positives and negatives.
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The Alerting Algorithm complements pothole detection by determining when and how

to communicate detected potholes to relevant stakeholders.

6. Detection Confirmation:
- To enhance accuracy, the system may implement mechanisms for confirmation of
detected potholes. This can involve multiple frames or images confirming the presence

of a pothole, reducing false positives.

7. Alert Prioritization:

- Detected potholes are prioritized based on their severity. The algorithm may
consider factors such as the size of the pothole, the depth, and the potential danger it
poses to vehicles. This information is crucial for determining the urgency of the alert.

8. User Notification:

- Once a pothole is confirmed and prioritized, the system triggers real-time alerts to
users or relevant authorities. Communication channels may include mobile
applications, SMS, or other appropriate means. The alert includes information about

the detected pothole, its location, and severity.

9. Communication Protocol:
- The system utilizes a robust communication protocol to ensure the reliable
transmission of alerts. Measures such as error checking and redundancy are

implemented to maintain the integrity of alert messages.

The algorithms work in tandem to detect potholes accurately and communicate alerts
efficiently. The Pothole Detection Algorithm leverages advanced computer vision and
machine learning techniques, while the Alerting Algorithm ensures timely and
prioritized notifications to users and authorities. In the subsequent section, the report
will delve into the testing methodologies employed to validate the performance of

these algorithms in real-world scenarios.
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CHAPTER 4
RESULTS AN DISCUSSION

4.1 OVERVIEW

The Results and Discussion chapter is a critical section in our project report, providing
an in-depth analysis of the outcomes of your Pothole Detection and Alerting system.
This chapter is an opportunity to present the findings, draw conclusions, and engage
in a meaningful discussion regarding the performance, effectiveness, and implications

of the implemented system.
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Figure 4.1: performance metrics
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Figure 4.2: Accuracy graph
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Accuracy vs. Epochs
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Figure 4.3: loss graph
The Pothole Alert and Detection system is a robust and innovative solution that aims
to enhance road safety and infrastructure management. With its live Google Maps

integration and email report system, it provides a seamless and efficient experience
for users.
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Figure 4.4: Confusion matrix
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Using advanced sensor technology, the system detects and alerts authorities about
the presence of potholes on roads in real- time. This timely information enables quick
response and repairs, minimizing the risk of accidents and damage to vehicles. By
integrating with Google Maps, the systemprovides an accurate visualization of pothole

locations, making it easier for authorities to prioritizes repairs and plan maintenance.

The email report system further enhances the functionality of the system by
automatically generating and sending detailed reports to relevant stakeholders. These
reports include information such as the location, size, and severity of the potholes, as
well as the time and date ofdetection. This comprehensive dataempowers authorities

to make informeddecisions and take necessary actions promptly.
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Figure 4.5: ROC graph
The integration with Google Maps ensures auser-friendly interface, allowing users to
easily access and navigate through thepothole data. This makes it convenient for both
authorities and the general public toreport and track the status of potholes.
Additionally, it enables users to plan their routes and avoid roads with known pothole

issues, promoting safer and more efficient travel.

Overall, the Pothole Alert and Detection system, with its live Google Maps integration
and email report system, offers a powerful solution for efficiently managing and
addressing pothole-related challenges. By leveraging technology and real-time data,

it aims to improve road safety and infrastructure maintenance.
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CHAPTER 5
CONCLUSION

5.1 CONCLUSION

In conclusion, the Pothole Alert and Detection system with live Google Maps
integration and email report system provides a comprehensive solution for identifying
and reporting potholes. By utilizing the power of Google Maps, users can easily
pinpoint pothole locations and report them in real-time. The system's detection
technology ensures accurate identification of potholes, which helps local authorities
take prompt action for repairs. Additionally, the email report system allows for efficient
communication between users and relevant authorities, facilitating a streamlined
process for pothole repairs. Overall, this system greatly enhances the efficiency and
effectiveness of pothole detection and reporting, leading to safer and smoother roads

for everyone.

5.2 FUTURE WORK

The future work for the system of Pothole Alert and Detection would focus on
enhancing the efficiency and accuracy of pothole identification. This could be
accomplished by incorporating advanced computer vision algorithms and machine
learning techniques to analyze real-time video footage from road cameras or even
smartphone cameras. The system would employ image processing techniques to
accurately detect and classify potholes based on their size, depth, and severity.
Additionally, the integration of live Google Maps would allow for the automatic geo-
tagging and mapping of detected potholes, enabling users to visualize and track
pothole locations in real-time. The email report system would be further improved to
generate detailed reports, providing comprehensive information about pothole
locations, time of detection, and severity. These reports can be sent to relevant
authorities or road maintenance organizations, facilitating swift and targeted repairs.
The future work would also explore the integration of other sensor technologies, such
as accelerometers or gyroscopes, to enhance the system's ability to detect and
characterize potholes. Ultimately, these advancements would enable proactive and

efficient repair of road damages, ensuring safer and smoother journeys for motorists.
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Consider improvements and refinements to the algorithms employed in your pothole
detection and alerting system. This could involve: Advanced Computer Vision
Techniques: Explore the integration of more sophisticated computer vision techniques
or deep learning models to enhance the accuracy and robustness of pothole detection.
Multi-Sensor Integration: Investigate the incorporation of additional sensors, such as
accelerometers or GPS, to provide supplementary data for a more comprehensive

analysis.

Identify features that could be added to the system to enhance its functionality and
utility. This may include: Weather and Road Condition Monitoring: Integrate
capabilities to monitor and analyse weather conditions and road surfaces, providing a
more holistic view of road safety. Integration with Traffic Management Systems:
Explore opportunities to integrate with existing traffic management systems to

enhance coordination and response to road safety incidents.

Improve the user interface based on feedback and emerging design principles. This
could involve: Accessibility Features: Implement features to enhance accessibility,
catering to a broader user base, including those with disabilities. Real-Time Data
Visualization: Explore advanced data visualization techniques to present real-time

pothole detection and road condition information in a more intuitive manner.

Consider how the pothole detection and alerting system could be integrated into
broader smart city initiatives: Collaboration with Municipal Authorities: Explore
collaboration opportunities with local authorities to integrate your system into city
planning and infrastructure maintenance initiatives. Data Sharing Protocols: Develop
protocols for sharing anonymized data with municipal agencies to contribute to urban

planning and road maintenance.

Identify potential collaborations with researchers and institutions to further explore
specific aspects of your project: Interdisciplinary Research: Explore collaborations with
researchers from other disciplines, such as civil engineering, urban planning, or
environmental science, to address road safety from a multidimensional perspective.
Validation and Benchmarking Studies: Encourage further research to validate and

benchmark your algorithms against a broader dataset.
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Consider how emerging technologies could be incorporated into future iterations of the
system: Edge Computing: Investigate the feasibility of implementing edge computing
solutions to enhance real-time processing capabilities. 5G Connectivity: Explore the
potential benefits of leveraging 5G connectivity for faster and more reliable

communication between system components.

Continue to refine the user experience based on ongoing usability studies and
feedback. User-Centered Design: Implement a user-centered design approach to
continuously improve the usability and accessibility of the system. User Education and
Awareness: Explore ways to educate users and raise awareness about the system's

capabilities and road safety.

Consider how the system could be scaled and deployed in different contexts:
Scalability Testing: Conduct further scalability testing to ensure the system's
performance remains optimal as the user base or data load increases. Customization
for Different Regions: Explore ways to customize the system to adapt to the unique

road conditions and infrastructure of different regions.

As technology evolves, it's essential to consider its ethical and legal implications.
Privacy Measures: Implement and refine privacy measures to ensure the ethical use
of data, especially as it relates to capturing and analysing road conditions. Compliance
with Regulations: Stay abreast of evolving regulations related to road safety

technology and ensure continued compliance.

Establish a framework for continuous evaluation and improvement. Feedback
Mechanisms: Implement mechanisms for continuous user feedback to identify
evolving user needs and areas for improvement. Iterative Development: Embrace an
iterative development process, allowing for regular updates and enhancements based

on ongoing evaluations.
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APPENDICES
A. SOURCE CODE

APP.PY
® apppy ) ..
1 import streamlit as st
2 import
3 import numpy as
4 import pandas as pd
5 import
6 import os
7 from PIL import Image
8 from utils import detect potholes
9 import geocoder
10 from ultralytics import YOLO
11 from utils import detect potholes, send email
12 import shutil
13
14 page = st.sidebar.selectbox("Pages Henu",options=[ 'Home', 'Using Image','Using Video'])
15
16 model = YOLO('./models/best.pt")
17
18 g = geocoder.ip('me')
19 print(g.latlng)
20
21
22 def register(location,higway type,size,position, img path=tone):
3 dic = {"location":location, "highway type":higway type,"size":size,"position”:position}
pli send email(dic, img path)
25
26 st.info("Reported")
27
28 def get pothole info():
29 st.sidebar.markdown("***")
30 st.info(f"Getting Location of pothole using your IP Address {g.ip}")
31 df = pd.DataFrame([g.latlng],columns=[ 'lat", 'lon'])
32
3 st.map(df)
34 st.info(f"Location According to IP address {g.city},{g.state}")
3 location = (g.city,g.state)
36 highway type = st.sidebar.selectbox(label="Select Road Type:",options=["Hational Highway","Local Road"])
37 size = st.sidebar.selectbox(label="Approx. Size of Pothole",options=["Small Pothole”,"Hedium Pothole","Large Pothole"])
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& app.py ) ©) register

28 def pet pothole info():

38 position = st.sidebar.selectbox(label="Position of Pothole",options=["Center”,"Sideways"])
39

48 return location,highway type,size,position

41

42 v def save image(image file):

8 img = Image.open(image file)
4 img.save("uploads/image.jpe")
45 return img

47 v def save video(video file):
13 path name = "uploads/video.mps"
49 v with open(path name,'wb') as f:

50 faurite(video file.read())

51

52 v if page == 'Using Image'

53

54 st.title("Pothole Detection Using Image")
55

56 image file = st.file uploader('Upload Image",accept multiple files=False,type=["png', Jpg", 'IP6", jpeg'])

56 v if image file is not None:

59

60 3,b = st.colums(2)

61 file details = {"filename":image file.name, "filetype":image file.type,"filesize":image file.size}
62 sturite(file details)

63 a.1mage(save image(image file))

64

65 v if "inage name' not in st.session state or st.session state[ 'image name']!=image file.name:
66 img res path = detect potholes(model, "uploads/image.jpg")

67 st.session state['image name'] = image file.name

68 st.session state[ 'img res path'] = img_res path

69

70 v if 'img_res path" in st.session state:

! res path = st.session state['img res path']

v if res path:

£ img path = f"{res path}/image.ipg"
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# apppy > O register

74
75
76
77
78
79
8o
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
9%
97
98
99
160
101
102
103
104
165
106
167
108
169
110

b.image(Image.open(img path))

location,highway type,size,position = get pothole info()

submit report = st.sidebar.button("Submit Report™)

1f submit report:

register(location,highway type,size,position, img path)

elif page == 'Using Video':
st.title("Pothole Detection Using Video")

st.warning("Video Processing will Take lot of Computization power. Please wait till processing completes’
video file = st.file uploader(label="Upload Video",accept multiple files=False,type=["mpd"])

if video file is not Hone:
save_video(video file)

if 'video name' not in st.session state or st.session state['video name']!=video file.name:

res = detect potholes(model, "uploads/video.mpd")

st.session state['res'] = res

rest = st.session_state['res']
res_vdo path = rest+'/video.avi’

shutil.copy(res_vdo_path, os.path.join("./results/"))

os.system(f'ffmpeg -1 ./results/video.avi -vcodec 1ibx264 ./results/processed.mpd -y')
st.session_state['video name'] = video file.name

# st.snow()
if 'res' in st.session_state:
rest = st.session state['res']

if rest:

video result = open("results/processed.mpd”,'rb")

video bytes = video result.read()
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@ app.py > @ register

118
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140

video:bytes = video_result.read()
st.video(video_bytes)

location,highway type,size,position = get pothole info()
submit_report = st.sidebar.button("Submit Report”)

if submit_report:
register(location,highway_ type,size,position)

# elif page == 'Using Live Feed":
# detect_potholes(model, @)
else:

st.title('Pothole Detection')
st.markdown("> Select any Choice from sidebar to procced")

# st.image("model files/out.jpg")
cont = """

## Detecting Potholes on road using YOLO Model

*Features:*

- Detects Pothole From Image

- Detects Potholes From Uploaded Video

- Report Potholes

- Automatically Gets Location Information using IP Address.

mam

st.markdown{cont)
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UTILS.PY

& utilspy > @ send_email
1 from ultralytics import

2 from email.message import EmailMessage

3 import ssl

4 from dotenv import load dotenv

5 import smtplib

6 import os

.

8 load dotenv()

9 def send email(cont dic, img_path=None):|

10 mail sender ='avinashnagore44figmail.con’

1 mail password = 'geow doxy gyps afos’

12 mail_receiver ='avinashnagapattinamaignail.com’

13 subject = 'Complaint Register'

14 body = f"Potholes are identifed at location: {cont dic['location']}. It's a {cont dic[ highway type']} that contains {cont dic['size’
15

16 em = EmailMessage()

17 em['From'] = mail sender

18 em['To'] = mail receiver

19 em[ 'subject'] = subject

20

n em.set_content(body)

n if img path:

B with open(img path, 'rb") as img file:

pli img data = img file.read()

25 em.add attachment(img data, maintype='image', subtype="png', filename=os.path.basename(img path))
26

7 context = ssl.create default context()

2 with smtplib.SHTP SSL("smtp.gmail.com', 465, context=context) as smtp:
9 smtp.login(mail sender, mail password)

30 smtp.sendmail(mail sender, mail receiver, em.as string())
31

32 def detect potholes(model, source path=None):

33 results = model(source path, save=True)

34 for res in results:

35 save dir = res.save dir

36 return save dir
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HARDWARE CODE

finclude <SoftwareSerial.h>
finclude <TinyGPS++.h>

fdefine
fdefine
fdefine
fdefine
fdefine
fdefine
fdefine

TRIG PIN 7 // Trigger pin of ultrasonic sensor
ECHO PIN & // Echo pin of ultrasonic sensor
SIMB00_TX PIN 9 // SIMB00OL TX pin
SIMB00_RX PIN 10 // SIMB00L BX pin
NECEM TX PIN 11 // NEO-€M TX pin

NECEM RX PIN 12 // NEO-EM RX pin

BUZZER_PIN 3 // Buzzer pin

SoftwareSerial sim800S8Serial (SIM800_TX PIN, SIMB0O0_RX PIN);
SoftwareSerial neonSerial(NEOGM_TX_PIN, NECEM _RX PIN] ;

TinyGPSPlus gps;

vold setup() |

Serial.begin(9600); // Initialize serial communication for dsbugging

simB00Serial .begin (9600); // Initialize SIMBOD serial communication

necémSerial .begin(9600); // Initialize NEOQ-EM serial communication
pinMode (TRIG_FIN, OUTFUT);

pinMode (ECHO_PIN, INPUT);

pinMode (BUZZER _FPIN, CUTPUT); // Initialize buzzer pin

void loop() {

long duration, distance;

// Send ultrasonic pulse

digitalWrite (TRIG_PIN, LOW);

delayMicroseconds (2) ;

digitalWrite (TRIG_PIN, HIGH);

delayMicroseconds (10) ;
digitalWrite (TRIG_PIN, LOW);
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/{ Measure the duration of pulse returned

duration = pulseIn (ECHC PIN, HIGH);

/4 Calculate distance 1n centimeters

distance = duration * 0.034 / 2;

{f Check if distance is changed

=tatic long lastDistance = -1;
1f ({distance != lastDistance) |
lastDistance = distance;

/{ Distance changed, get GPS location and send SMS
sendLocationSMS () ;
// Rctivate the buzzer for alert

activateBuzzer () ;

{f Update GPS data
while (neotmSerial.availakle() = 0) {
if (gps.encode (nectmSerial.read())) |
{f Buccessfully received GPES data
Serial.print ("Latitude: ");
Serial .println(gps.location.lat (), &);
Serial .print ("Longitude: ");

Serial .println(gps.location.lng({), €);

delay{(100); // Rdjust delay as needed for sampling rate

vold sendLocationSMsS() |
// Wait for the GPS fix

N, TR [ [ [ o [ R I Y r
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delay(100); // BAdjust delay as needed for sampling rate

vold sendhocationsMs() |
[/ Wait for the GPS fix
while (!gps.location.isValid()) f{
delay(1000);

// Prepare 8MS message with location data
String message = "Location: ";
message += String(gps.location.lat(), €);

message t= ", ";

message += String(gps.location.lng(), €);

// Send 8MS

simB00Serial.println ("AT+CMGE=1"); // Set SMS mode to text
delay(100);

simB008erial.print ("AT+CMGE=\""); // Set recipient phone number
simB008erial.print ("RECIPIENT PHONE NUMBER"); // Replace with recipient's phone number
simB008erial. . println("\"");

delay(100);

simB008erial.println(message); // Send message

delay(100);

simB008Serial.write (0x18); // Send Ctrl+Z to indicate end of messags
delay(1000);

void activateBuzzer() |
[/ BActivate the buzzer for alert
digitalWrite (BUZZER PIN, EIGE);
delay(500); // Adjust buzzer on time
digitalWrite (BUZZER PIN, LOW);
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B. SCREENSHOTS

Interface Screenshot

v @ app-Streamiit X M Search results - avinashnagapz: X+ = o X

> C @ localhost:8501 * O 00 :

> 3 Deploy

Es— v Pothole Detection Using Image

=\, Dragand drop file here
s t 200MB py «PNG, JF PG,

Browse files

interface screenshot

This image shows the interface of the pothole detection system which is created using

python as a web page and it is streamed on the browsers using stream lite module.

Pothole Detection Using Image

v @ app-Streamiit X M Search results - avinashnagapz. X + - [=] X
» C O localhost8501 * O 00 :
2 A Stop  Deploy 3
Pages Menu
" .
Using e . Pothole Detection Using Image

Upload Image

~. Dragand drop file here

) testajpg s5.7¢ X

image detection
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In this image the pothole is detected using the image. For this the image section should
be clicked in the home menu and upload a image using the browse file from the files

and then proceed.

v @ app-Streamit X M Searchresults - avinashnagaps. X + - 8 X
> C O localhost8sot * O 00 :
% Deploy i
Pothole Detection Using Image
Pages Menu Upload image
Using Image v

rag an fil T
@ Drag and drop file here Browse files
Limit 200MB per file « PNG, JPG, JPG, JPEG

[ testajpg s57x X
Select Road Type:

National Highway v

Approx. Size of Pothole

Small Pothole v

Position of Pothole

Center v

Submit Report

e 4
"filename" : "test4.jpg"

“filetype" : "image/jpeg"

image detection result
This image shows that the pothole in the input image s detected and shows with the

red shade in the output picture with size.

Location Gathering

v | @ app- Steamit X M Search results - avinashnagaps: X+ - =] X
3 C @ localhost8501 * O 00 :
X Deploy }
GELtNg LOCATION OF POLNOIe USING yOUr I AQAress 49.43.249.148
Pages Menu
+
Using Image v

Select Road Type

National Highway v O
Approx. Size of Pothole .
Small Pothole v Chennai

Position of Pothole

Center v

Submit Report

() Mapbox
< fires © Mapbox © OpenStreetiap Improve this map

Location According to IP address ChennaiTamil Nadu

location gathering
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This image shows that the location is detected using the ip address of the system

using geocoder whenever the pothole is detected.

Select Road Type:

Local Road v

Approx. Size of Pothole

Small Pothole v

Position of Pothole

Center v

| Submit Report

pothole details
This image shows that we can choose the extra details about the pothole such as
location on the road, size, road type that are used in emailing to the respective
authority.
Alerting

v @ app-Streamiit X MC

€ > C =% mailgoogle.com/mail/u/0/#search/avinashnagored4%40gmail.com/FMfcgzGxSHmWMqHpDtnWwivTMRKafDx ® % D o0 :
= M Gmail Q avinashnagore44@gmail.com X 3F ® @ = o
/ Compose € 8 o g 5 0 @ 8 D H 10f3 > m-~ 0]
O inbe Complaint Register oo X & B
nbox
% Starred @ evinashnagore4a@gmail.com @ 08:19 (20 minutes o O « @
@® Ssnoozed @ o~
B Sent Potholes are identifed at location: (‘Chennaf’, 'Tamil Nadu'). It's a National Highway that contains Small Pothole. Take necessary actions >
ent
&
D Drafts
¥ v One attachment -+ Scanned by Gmail © @
+
Labels +
®» Hi
[
® avinashnagore4d4@gmail.com G ) tes a " © «
@ v
Potholes are identifed at location: (‘Chennaf’, Tamil Nadu'). It's a Local Road that contains Small Pothole. Take necessary actions
One attachment - Scanned by Gmail O e
= >
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This image shows that on clicking the submit button after selecting the details of the
pothole in the previous page the email will be automatically sent to the receiver that

already preset which can be altered upon need.

Pothole Detection Using Video

< L « Desktop > Pothole-1403 > test videos v y Search test_videx £ < In} L

Organize ~  New folder o- O @ .
Deploy H

html
test_images

test_videos

:
o . . .
)etection Using Video
v [ This PC
B puupee ke lot of Computization power. Please wait till processing completes

w— New Volume (I

== New Volume (I

W Network
le here
File name: Custom Files .

video detection
By using the video button on the home screen and following the same method as

followed above we can detect the potholes on the road.

v @ app-Streamiit X M Complaint Register - avinashn: X + = (=] X
» C @ localhost8501 * O o0 :
X Deploy $
~~. Draganddrop file h s
&) o8 : B : Browse files
Pages Menu t AB per file « MP4, M
Using Video M ~
| testlmp4 X

Select Road Type:

National Highway v
. —
Approx. Size of Pothole Pothole 0.63 ~ -
Small Pothole v - Pothole 0.43
Pothole 0.46 —
Position of Pothole Pothole 0.53
Center v

Submit Report

Il 0:01/0:15

¥

Getting Location of pothole using your IP Address 49.43.249.148

video detection result

This image shows that the out video is displayed which contains the detected potholes.
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Detection Using Hardware

hardware components

In this image the ultrasonic sensor, GSM module, GPS module, buzzer is connected
to the micro controller and coded to work as if the ultrasonic sensor detection any
change in the distance between the road and the vehicle (pothole or humps or speed

breaker is there) the buzzer will be alerted.
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ABSTRACT

Pothole Alert and Detection is a cutting-
edge system designed to address the growing
issue of road deterioration and its
implications on  public safety. By
incorporating live Google Maps integration
and an email report system, this innovative
solution aims to provide real-time
information about pothole  locations,
assisting authorities in efficiently addressing
road maintenance. The system utilizes
advanced detection techniques, such as
computer vision and sensor technology, to
identify and monitor road conditions. By
generating alerts on the live Google Maps
platform, users can be promptly notified
about potholes in their vicinity, promoting
safer driving experiences. Additionally, the
email report system allows users to report and
provide detailed information about potholes
they encounter, facilitating a streamlined
communication channel
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between the public and relevant authorities.
Furthermore, this system enables easy
analysis of pothole data, enabling authorities
to prioritize and plan road repairs more
effectively. Overall, Pothole Alert and
Detection with live Google Maps integration
and email report system revolutionizes the
way pothole detection and reporting are
handled, promoting road safety and efficient
road maintenance practices.

Keywords: Pothole Alert and Detection,
live Google Maps integration, email
report system, road maintenance, real-
time information, computer vision,
sensor technology, alerts, safer driving
experiences, communication channel,
prioritization, road repairs, road safety

I. INTRODUCTION
Introducing Pothole Alert and Detection, an
innovative solution designed to address the
persistent problem of potholes on our roads.
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With its live Google Maps integration and
email report system, this cutting-edge
technology aims to revolutionize the way we
detect and report potholes, enabling faster
repairs and safer road conditions.

Potholes are a common nuisance that can
cause significant damage to vehicles, pose
risks to drivers and pedestrians, and result in
costly repairs for local authorities. Pothole
Alert and Detection combines advanced
sensor technology with real-time mapping to
detect and locate potholes accurately. By
using data from various sources such as
vehicle-mounted sensors, cameras, and GPS,
this system can identify and pinpoint potholes

on road surfaces.

The live Google Maps integration feature
allows users to visualize the location and
severity of potholes in real-time. By
overlaying this valuable information onto the
familiar Google Maps interface, motorists
can plan their routes accordingly, avoiding
areas with a high concentration of potholes
and minimizing potential damages to their
vehicles. This integration also aids local
authorities in identifying problem areasthat
require immediate attention, streamlining the
repair process and improving road safety
overall.

Additionally, Pothole Alert and Detection
incorporates an email report system to
simplify the reporting of potholes by the
public. Users can easily capture images of
potholes using their smartphones and send
them directly to the system via email. The
system then generates a comprehensive
report that includes the exact location,
severity, and timestamps of each reported
pothole. This automated process eliminates
the need for manual data entry, reduces
administrative workload, and ensures that
every reported pothole is recorded accurately.
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The email report system also serves as a
valuable tool for local authorities to
prioritize and plan pothole repairs. By
receiving real-time reports, they can quickly
assess the severity and scale of the pothole
problem. The system provides key insights
into the maintenance performance of road
networks and enables authorities to allocate
resources effectively, focusing on areas with
the highest need for repairs.

In conclusion, Pothole Alert and Detection
combines the power of live Google Maps
integration and an efficient email report
system to tackle the persistent issue of
potholes. By providing accurate and real-
time information, this solution empowers
motorists to navigate safer roads, while also
assisting local authorities in prioritizing
repairs and allocating resources effectively.
With Pothole Alert and Detection, we are
taking a significant step towards creating
smoother, more reliable road networks for
everyone to enjoy.

Il. RELATED WORKS

[1] The construction of an Internet of
Things-based model for pothole
identification is the main goal of this study,
which was presented at the Sustainable
Advanced Computing conference. The study
presents a method to locate and keep track
of potholes on roads by utilizing Internet of
Things technologies. This model aids in safer
and more effective road maintenance by
offering real-time data.

[2] The study examines pothole
identification using deep learning and was
presented at the International Conference on
Emerging Smart Computing and
Informatics. The study improves pothole
identification accuracy and reliability using
cutting-edge machine learning algorithms,
perhaps paving the way for more successful
road maintenance methods.



In this study, a sensor-based system for
spotting potholes and speed bumps on
roadways is introduced. Instant notifications
are made possible by 10T technology, which
also enhances road maintenance and safety.

[4] A article on an autonomous pothole
identification and clearance robot can be
found in the "Journal of Engineering
Sciences.” With the help of this cutting-edge
technology, pothole detection and repair will
be automated, resulting in smoother and
safer road conditions.

[5] This study, which was published in the
"International Journal of Next-Generation
Computing,"” proposes an Internet of Things-
based system for spotting speed bumps and
potholes. The goal of the study is to develop
a notification system that increases traffic
safety by warning drivers of potential
dangers.

[6] loT-based pothole and hump detection is
the subject of a study published in the
"Journal of Engineering Sciences." The
research suggests a device to detect road
flaws using the ATMEGA328P
microprocessor, enabling prompt
maintenance and safer driving conditions.

[7] This study discusses a sensor and
microcontroller-based automobile assistance
system that is capable of 360-degree obstacle

detection. The situational awareness and
driving safety are improved by this
technology.

[8] This research includes a study on pothole
identification using the internet of things.The
article's major focus is on the design and
creation of an Internet of Things-based
system for locating and reporting potholeson
roads, which helps with road maintenance
and safety.
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[9] The automatic pothole detection and data
upload to cloud servers are the main focuses
of this effort. The study suggests a method
that, in addition to identifying road flaws,
also makes this data accessible for remote
monitoring and maintenance scheduling.

[10] This study examines the automatic
identification of potholes and speed bumps
on roadways and was presented at the
International Conference on Electronics and
Renewable Systems. The goal of the study is
to create a notification system that improves
road upkeep and driving safety.

1. EXISTING SYSTEM

The existing system for Pothole Alert and
Detection with live Google Maps integration
and email report system has several
disadvantages. Firstly, the reliance on live
Google Maps integration can be problematic
as it heavily relies on the accuracy and real-
time updates of the map data. Any
discrepancy or delay in the map data can lead
to incorrect or outdated information about the
location and severity of potholes, which can
hinder the effectiveness of the system in
alerting drivers and authorities.Additionally,
the system's dependence on internet
connectivity poses a significant
disadvantage. In areas with poor or no
internet connection, the real-time reporting
and alerting features may not function
properly, rendering the system ineffective in
those regions. Moreover, the email report
system utilized by the existing system may
not be the most efficient means of
communication. Emails can sometimes get
lost or go unnoticed, leading to delays in
addressing reported potholes. Furthermore,
the email reporting system lacks the abilityto
prioritize and categorize pothole reports
based on severity or urgency, making it
difficult for authorities to effectively



prioritize repair efforts. Another
disadvantage is that the existing system
heavily relies on users to manually report
potholes, which can be time-consuming and
potentially lead to underreporting of
potholes. This limitation can result in delayed
repairs and increased potential hazards for
drivers. Finally, the system lacks a
comprehensive data analysis andprediction
capability. The existing system primarily
focuses on identifying existing potholes
rather than predicting potentialfuture pothole
locations. This limitationprevents authorities
from taking proactive measures to prevent the
formation of new potholes, resulting in a
perpetual cycle of repairs rather than long-

term prevention. Overall, the existing
system's reliance on live Google Maps
integration, email  reporting,  manual

reporting, and lack of predictive analysis
hinder its effectiveness in promptly
identifying, addressing, and preventing
pothole-related issues.

IV. PROPOSED SYSTEM

The proposed work aims to develop a Pothole
Alert and Detection system that integrates
live Google Maps andincorporates an email
report system. The primary objective is to
detect potholes on roads in real-time and alert
drivers, local authorities, and road
maintenance teams, ensuring prompt repairs
and enhancing road safety.

The system will utilize image recognitionand
computer vision techniques to detect and
identify potholes accurately. It will be trained
with a vast database of labeled images of
various road conditions, allowing it to
distinguish between regular road surfaces and
potholes with precision. To ensure real-time
monitoring, the system will be integrated
with Google Maps API, accessing street view
images and actively scanning for pothole
patterns. Any identified
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potholes will be marked on the map,
providing drivers with valuable information
about the road ahead.

Additionally, an alert mechanism will be
implemented to notify drivers immediately
when approaching a road segment with
identified potholes. This notification can be
delivered through a dedicated mobile
application, SMS, or even through voice
assistance systems in vehicles. This will
help drivers take precautionary measures and
avoid potential damage to their vehicles.

Furthermore, the proposed system will
include an email report system that sends
automated reports to relevant authorities and
road maintenance teams. These reports will
include the location, severity, and other
important details about detected potholes.
The email alerts will ensure that concerned
authorities are promptly informed, enabling
them to take appropriate actions such as
scheduling repairs, redirecting traffic, or
implementing temporary measures toprevent

accidents.

The integration of Google Maps not only
provides accurate location information but
also enhances the overall user experience.
Users can easily access the map, view the
marked potholes, and plan alternative routes
to avoid them. The live integration ensures
that the system remains up-to-date with ever-

changing road conditions, offering a
comprehensive and efficient solution to
address the pothole problem.

In conclusion, the proposed Pothole Alert and
Detection system with live Google Maps
integration and email report system will
contribute significantly to road safety by
detecting and alerting users about potholes in
real-time. By employing advanced image
recognition techniques and leveraging the
power of Google Maps, this



system ensures accurate pothole
identification and provides valuable
information to drivers, local authorities, and
road maintenance teams. The proactive
nature of this system will result in timely
repairs and an overall improvement in road
conditions, ultimately creating safer and
more efficient transportation networks.

V. SYSTEM ARCHITECTURE

User

/ A
Reports Pothole ‘\
Mobile App
Sends Location Data Sends Email
Server Displays Potholes
ProcessesD/atla (;-?atesgp‘ort /
Google Maps API Email Service

Updates Map
Live Map

Fig. 1. System Architecture

The user will have the pothole detection
system in their vehicle. Upon detecting the
pothole the details and alert will be sent to the
users mobile and also a respective authority
mobile through a email service andalso the
location of the pothole will be updated in the
live map with the help pfgoogle maps API
which also can be viewed by the users.

VI. METHODOLOGY

1. Pothole Alert and Detection Module: The
first module of the proposed system is the
Pothole Alert and Detection module. This
module is responsible for detecting and
alerting the presence of potholes on roads. It
utilizes advanced sensors and cameras to
identify the size, depth, and location of
potholes accurately. These sensors can be
fitted on vehicles, such as cars or public
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transport buses, which constantly capture
real-time data about road conditions. The
captured data is then processed using image
processing and deep learning algorithms to
identify potential potholes. Once a pothole is
detected, an alert is generated, notifying the
relevant authorities about its presence. This
module plays a crucial role in the overall
system as it forms the basis for identifying
and addressing road damage efficiently.

2. Live Google Maps Integration: The
second module of the proposed system is the
Live Google Maps integration. This module
is responsible for integrating the pothole data
with Google Maps, providing real-time
information about the location and severity of
potholes. By integrating with Google Maps,
users can access this information directly
from their smartphones or other devices.
Users will be able to view alive map on their
devices, which will displaythe location of
potholes as detected by the system. This
module not only enables individuals to plan
their routes more effectively but also
provides valuable information to authorities
responsible for road maintenance. By having
this integrationwith Google Maps, users can
benefit from accurate and up-to-date data
regarding potholes, leading to improved road
safetyand  better decision-making.

3. Email Report System:
The third module of the proposed system is
the Email Report System. This module is
responsible for generating comprehensive
reports about the identified potholes and
sending them to the relevant stakeholdersvia
email. These stakeholders may include local
government agencies, road maintenance
departments, or even individual users who
have reported potholes. Thereports generated
by this module will include detailed
information about eachpothole, such as its
location, size, severity,



and the date it was detected. Additionally, the
reports can also include photographic
evidence of the potholes to provide a visual
representation. By providing these detailed
reports, the system enables efficient
communication and coordination between all
parties involved in road maintenance and
repair. This module ensures that all
stakeholders have access to accurate and
comprehensive  information, facilitating
prompt action and reducing the time required
to address pothole-related issues.

VII. RESULT AND DISCUSSION

Table.1. Performance Metrics

Accuracy | Precision | Recall F1 score
95.8 96.4 97.3 98.7
Loss vs. Epochs
0.200 — Loss
0.175
0.150
" 0.125
§ 0.100
0.075
0.050
0.025
2 3 6 8 10

Epochs

Fig.1. Accuracy graph
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Accuracy vs. Epochs

—— Accuracy
100 A

98

96

Accuracy (%)

94

92 A

. r
2 4 6 8 10
Epochs

Fig.2. Loss graph

The Pothole Alert and Detection system is a
robust and innovative solution that aims to
enhance road safety and infrastructure
management. With its live Google Maps
integration and email report system, it
provides a seamless and efficient experience
for users.

Confusion Matrix

Non-Pothole 4.0

True

Pothole

Non-Pothole
Predicted

Pothole

Fig.3. Confusion Matrix

Using advanced sensor technology, the
system detects and alerts authorities about the
presence of potholes on roads in real- time.
This timely information enables quick
response and repairs, minimizing the risk of
accidents and damage to vehicles. By
integrating with Google Maps, the system
provides an accurate visualization of pothole
locations, making it easier for authorities to



prioritize repairs and plan maintenance
activities.

The email report system further enhancesthe
functionality of the system by automatically
generating and sending detailed reports to
relevant stakeholders. These reports include
information such as the location, size, and
severity of the potholes, as well as the time
and date of detection. This comprehensive
dataempowers authorities to make informed

decisions and take necessary actions
promptly.
Receiver Operating Characteristic (ROC) Curve
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Fig.4. ROC Curve

The integration with Google Maps ensures a
user-friendly interface, allowing users to
easily access and navigate through the
pothole data. This makes it convenient for
both authorities and the general public to
report and track the status of potholes.
Additionally, it enables users to plan their
routes and avoid roads with known pothole
issues, promoting safer and more efficient
travel.

Overall, the Pothole Alert and Detection
system, with its live Google Maps
integration and email report system, offers a
powerful solution for efficiently managing
and addressing pothole-related challenges.
By leveraging technology and real-time
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data, it aims to improve road safety and

infrastructure  maintenance,  ultimately
leading to enhanced overall driving
experience.

VIIl. CONCLUSION

In conclusion, the Pothole Alert and
Detection system with live Google Maps
integration and email report system provides
a comprehensive solution for identifying and
reporting potholes. By utilizing the power of
Google Maps, users can easily pinpoint
pothole locations and report them in real-
time. The system's detection technology
ensures accurate identification of potholes,
which helps local authorities take prompt
action for repairs. Additionally, the email
report system allows for efficient
communication between users and relevant
authorities, facilitating a streamlined process
for pothole repairs. Overall, this system
greatly enhances the efficiency and
effectiveness of pothole detection and
reporting, leading to safer and smoother
roads for everyone.

IX. FUTURE WORK

The future work for the system of Pothole
Alert and Detection with live Google Maps
integration and email report system would
focus on enhancing the efficiency and
accuracy of pothole identification. This
could be accomplished by incorporating
advanced computer vision algorithms and
machine learning techniques to analyze real-
time video footage from road cameras oreven
smartphone cameras. The system would
employ image processing techniques to
accurately detect and classify potholes based
on their size, depth, and severity.
Additionally, the integration of live Google
Maps would allow for the automatic geo-
tagging and mapping of detected potholes,
enabling users to visualize and track pothole
locations in real-time. The email report
system would be further improved to



generate  detailed  reports,  providing
comprehensive information about pothole
locations, time of detection, and severity.
These reports can be sent to relevant
authorities or road maintenance
organizations, facilitating swift and targeted
repairs. The future work would also explore
the integration of other sensor technologies,
such as accelerometers or gyroscopes, to
enhance the system's ability to detect and
characterize potholes. Ultimately, these
advancements would enable proactive and
efficient repair of road damages, ensuring
safer and smoother journeys for motorists.
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