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ABSTRACT

Potholes are a significant concern for maintaining safe and efficient daily commutes. This
research work focuses on applying YOLO V5, a state-of-the-art deep learning model for

object identification, to edge devices for detecting potholes on highways. utmost priority.

The proposed model evaluates the performance of YOLO V5 on a dataset of images,
including potholes in varying road conditions and illumination fluctuations, as well as on
real-time video acquired from a moving car. In order to identify potholes in moving cars in
real time, the YOLO V5 model needs to have high accuracy and a fast frame rate. Our study
shows that YOLO V5 is an effective deep-learning model for pothole detection and can be

deployed on edge devices for real time detection. utmost priority.

The high accuracy and fast processing speed of YOLO V5 make it a suitable model
for moving vehicles, helping improve road safety and reduce the risk of accidents caused by
potholes. Furthermore, the YOLO V5 model has been demonstrated to be lightweight and
run on edge devices with low computational power. The results demonstrate the feasibility
of using YOLOVS5 for real-time pothole detection and pave the way for developing intelligent

transportation systems that automatically detect and alert drivers to road hazards
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CHAPTER 1
INTRODUCTION

1.1 Overview of the project

Potholes are common road damages of varying sizes and shapes. They are usually formed
by the expansion and contraction of ground water once the water has entered the ground
under the pavement, and expedited by certain weather and traffic conditions. For example,
potholes may sprout after rain in spring when the temperature fluctuates frequently. Potholes
can be dangerous, resulting in road accidents and vehicle damage. In the United States, it is
estimated that potholes account for about 3 billion dollars in car damages each year. Severe
accidents or damage can happen when drivers attempt or fail to avoid potholes, especially
for stressed and fatigued drivers. In response, car manufacturers are continuously working

on improving automated driving assistance where safety is the utmost priority.

This requires detection of road conditions, so the vehicle can make autonomous
decisions for safety measures, and automatic pothole detection plays an important role.
Moreover, potholes without timely treatment would accelerate further damage to the road,
resulting in a higher cost of road maintenance. Timely detection and treatment of potholes
have always been a priority of road service agencies. Traditional road maintenance relies on
either scheduled road surveillance or reporting calls from drivers to detect potholes.
Scheduled road surveillance cannot respond to newly-formed potholes promptly. The
operation consists of field data collection, identification, and classification. Currently,
experienced and well-trained personnel are required to perform these tasks, resulting in high

costs in time and labor.

The delay could be in months or even years depending on the frequency of the schedule.
On the other hand, responding to calls from drivers can be faster, but these calls are usually
triggered after damage to callers’ vehicles. Therefore, small potholes or those deviating from
the center of driving lanes are not reported in time unless vehicle damage takes place. In
addition, the manual nature of the reporting process results in inaccurate information, adding

to the delay and cost.

The main challenges for reliable pothole detection in 2-D images are the various shapes
and sizes of potholes. Moreover, false positives increase when there are objects similar to

potholes such as patches, shadows, and water. As a result, the improvement of accuracy



usually comes at the cost of computational complexity and detection time.

1.2 Objective of the project

The primary objective of this project is to develop an automated system capable of detecting

road damage, such as potholes, cracks, and surface deformations, using images captured

from road surveillance cameras or vehicles. By leveraging deep learning techniques, the

system aims to provide accurate, efficient, and scalable solutions for road maintenance and

safety.

Key objectives include:

Image-based Road Damage Detection: Utilize high-quality images of roads to
automatically detect and classify different types of road damage, including
cracks, potholes, and surface wear.

Deep Learning Model Development: Implement convolutional neural networks
(CNNs) and other state-of-the-art deep learning architectures to accurately
identify and localize road damage patterns from input images.

Real-time Damage Analysis: Design a system that can process and analyze road
images in real time, providing quick feedback to road maintenance teams and
authorities for immediate intervention.

Enhancement of Road Safety and Maintenance: Improve road safety and
maintenance efficiency by enabling automated, timely detection of road damage,
reducing the need for manual inspections and minimizing the risks associated
with road hazards.

Scalability and Automation: Develop an end-to-end solution that can scale to
cover large road networks and can be integrated with existing infrastructure like
drone-based road surveys, autonomous vehicles, or fixed camera systems.

Data Augmentation and Robustness: Incorporate data augmentation
techniques to train the model on diverse image datasets, ensuring robustness and
generalization across various road conditions, environmental factors, and
damage types.

Accuracy and Efficiency Optimization: Achieve a high detection accuracy
while ensuring the system operates efficiently, both in terms of computational
resources and response time, suitable for large-scale implementation.
Integration with Road Maintenance Systems: Integrate the detection results
with road maintenance management systems to prioritize repairs based on



severityand geographical location, streamlining the maintenance workflow.

By achieving these objectives, the system aims to revolutionize how road damage is
monitored, reported, and repaired, ultimately contributing to safer roads and more cost-

effective road maintenance strategies.

1.3 Problem Statement

Potholes are common road damages of varying sizes and shapes. They are usually formed
by the expansion and contraction of ground water once the water has entered the ground
under the pavement, and expedited by certain weather and traffic conditions. For example,
potholes may sprout after rain in spring when the temperature fluctuates frequently. Potholes
can be dangerous, resulting in road accidents and vehicle damage. In the United States, it is
estimated that potholes account for about 3 billion dollars in car damages each year. Severe
accidents or damage can happen when drivers attempt or fail to avoid potholes, especially
for stressed and fatigued drivers.

In response, car manufacturers are continuously working on improving automated
driving assistance where safety is the utmost priority. This requires detection of road
conditions, so the vehicle can make autonomous decisions for safety measures, and
automatic pothole detection plays an important role. Moreover, potholes without timely
treatment would accelerate further damage to the road, resulting in a higher cost of road
maintenance. Timely detection and treatment of potholes have always been a priority of road

service agencies.

The increasing deterioration of road infrastructure globally poses significant
challenges to public safety, driving comfort, and maintenance costs. Traditional road damage
detection methods, such as manual inspections and sensor-based techniques, are time-
consuming, costly, and often prone to human error. Furthermore, these methods may not be
able to detect road damages in real time or at scale, leading to delayed repairs and increased

safety risks.



CHAPTER 2
LITERATURE SURVEY

Literature survey is the most important step in the software development process. Before
developing the tool, it is necessary to determine the time factor, economy and company
strength. Once these things are satisfied, then next steps are to determine which operating
system and language can be used for developing the tool. Once the survey starts building the
tool the programmers need a lot of external support. Before building the system, the above
consideration is taken into account for developing the proposed system.

2.1 Existing Method

A vision-based method uses images or videos as input data and determines the presence of
potholes on the road surface by applying image-processing and deep-learning technology.
The vision-based method is more cost-effective than the 3D reconstruction-based method
and is also suitable for determining the number and approximate shape of potholes.
However, the vision-based method has a limit in measuring the volume and depth of potholes
because it utilizes two-dimensional information. It is also affected by lighting and shadow
conditions [2-6].

A vibration-based method judges the existence of potholes and predicts the depth of
potholes based on the data acquired from the acceleration sensor in the vehicle. The
vibration-based method is most cost-effective among the three methods. It requires small
storage in the data-acquisition process and real-time data processing can be applied. The
vibration-based method has a limit in providing the exact shape of potholes because it the

sensor and vehicle applied in the data-acquisition process [6-8].

A 3D reconstruction-based method predicts the shape of potholes and measures the
volume of them based on stereo-vision technology. The 3D reconstruction-based method
predicts the shape of potholes and measures the volume of them most accurately among the
three methods. It has a disadvantage in that it is expensive to detect potholes compared to
other methods and hard to recognize when the potholes filled with water or dirt [6,8]. The
characteristics of automated pothole-detection methods are presented in Figure 2. The

strengths and weaknesses of each automated pothole-detection.

There are few existing methods such as:



Traditional methods

1. Visual Inspection: Manual visual inspection is the most common method used for
road damage detection. Trained inspectors visually examine the road surface to
identify defects. In the context of an automatic road damage detection system, visual
inspection would involve reviewing the system’s user interface, as well as checking
for visual elements like images, reports, and overall user experience. Testers would
also observe the system’s performance, accuracy, and behavior to identify any
potential issues related to the presentation or functionality. It is one of the most
traditional methods used for detecting road damage, where trained human inspectors
or automated systems visually examine the road surface to identify issues such as
cracks, potholes, and surface wear.

This method involves physically observing the condition of the road, either
through direct field inspections or by analyzing images captured by cameras mounted
on vehicles, drones, or stationary units. Visual inspection, while cost- effective and
easy to deploy, can be time-consuming and may be subject to human error, especially
under challenging conditions like poor weather or low light. However, with
advancements in image processing and machine learning, automated visual
inspection systems are increasingly used to enhance accuracy and speed by analyzing

large amounts of visual data to detect and classify road defects.

FIG 2.1(i): VISUAL INSPECTION

2. Ground-Penetrating Radar (GPR): GPR uses radar pulses to image the subsurface



3.

of roads, detecting defects such as cracks and voids. Computer Vision-Based
Methods. It is a non-destructive geophysical method used to investigate the
subsurface of materials such as concrete, asphalt, soil, and rock. GPR utilizes radar
pulses to image the subsurface and detect objects, changes in material properties, or
anomalies, providing real-time data without the need for digging or excavation.
GPR is particularly effective in detecting issues beneath the road surface,
such as voids, cracks, and delamination that are not visible through traditional visual
inspection. The radar waves penetrate the surface and return with data that can be
used to create detailed images of the subsurface layers, revealing areas of
deterioration or potential weakness in the road structure. GPR is highly accurate and
provides valuable insights into the condition of the road foundation, but it requires
specialized equipment and expertise to interpret the results. This method is often used
in conjunction with other detection techniques, offering a comprehensive approach

to road damage assessment.

GROUND PENETRATING RADAR

FIG 2.1(ii): GROUND PENERATING RADAR
Image Processing Techniques: Techniques such as thresholding, edge detection,
and feature extraction are used to analyze images of road surfaces and detect defects.
play a crucial role in the automatic road damage detection system, allowing for the
extraction, enhancement, and analysis of information from road images to detect and
classify damage. In these systems, the images captured by cameras or sensors (such

as those mounted on vehicles) are processed and analyzed using various



computational methods to identify road defects such as cracks, potholes, wear, and
other forms of deterioration.

e Preprocessing

e Feature Extraction

e Damage Detection and Classification

e Postprocessing

e Post-Analysis and Reporting

e Real-Time Processing

2.2 Drawbacks of Existing Method

e Time-Consuming and Labor-Intensive.

e Limited Coverage.

e Safety Risks: Manual inspection can pose safety risks to inspectors, especially in
high-traffic areas.

e Limited Accuracy: Computer vision-based methods can be limited in accuracy,
especially in cases of complex or subtle defects.

e Requires High-Quality Images.

2.3 Proposed Method

Our proposed solution aims to detect potholes in real time from the images of a dash camera
with high detection accuracy and fast detection speed that satisfy safety requirements for
making autonomous decisions. In the following subsections, we will describe the image
dataset format and data augmentation methods used, the architecture of CNN models trained,
and performance metrics evaluated in our proposed solutions. Initially, the dataset is
collected, and each image is explicitly annotated. Before sending the annotated data to deep
learning models like the Yolo V8 family, data is divided into training and testing samples.

After training, positive weights evaluate the model's performance on testing data.

The proposed method utilizes a deep learning-based approach for automatic road damage
detection using Dash Cam. The method consists of the following stages:
e Data Collection:
Dash cams are installed in vehicles to record video of the road while driving.
The dash cams capture real-time images of road conditions like potholes, cracks, and

other damage. The quality and diversity of the data collected directly affect the



system’s performance in detecting and classifying road damage, such as cracks,
potholes, or surface wear.

Data Preprocessing:

The video is processed to extract clear images and remove unnecessary parts. It plays
a major role in the development of an automatic road damage detection system. It
involves transforming raw data (such as images, videos, and sensor readings) into a
format suitable for analysis and machine learning model training. Effective
preprocessing ensures that the data is clean, normalized, and consistent, allowing the
algorithms to learn patterns in road damage detection more efficiently and accurately.
Model Training:

A deep learning model learns to identify road damage from labeled images. During
this stage, the system "learns™ patterns, features, and characteristics of road damage,
such as cracks, potholes, and surface wear, from the labeled dataset provided during
data collection and preprocessing. The goal is to build a model that can generalize
well to new, unseen data and detect road damage in real-world scenarios.
Real-Time Detection:

The trained model analyzes the dash cam footage in real-time to detect road damage.
It refers to the ability of an automatic road damage detection system to process and
analyze data (such as images or videos of road surfaces) instantly or with minimal
delay, and immediately detect and classify road damage, such as cracks, potholes, or
surface wear. Real-time detection is a crucial feature in practical applications,
especially for systems deployed on vehicles, drones, or remote sensing platforms, as
it allows for quick feedback and action, such as sending alerts to road maintenance
teams or enabling autonomous vehicles to avoid damaged sections of the road.
Alert System:

The system sends an alert to maintenance teams when damage is detected. The goal
of the alert system is to provide real-time notifications to enable timely repairs,
prevent accidents, and enhance road safety for drivers. The alert system is typically
integrated into a road monitoring infrastructure, which may include on-vehicle
cameras, drones, sensors, or stationary monitoring units.

Data Storage and Analysis:

Detected damage data is stored and analyzed to improve road maintenance. The goal

of the alert system is to provide real-time notifications to enable timely repairs,



prevent accidents, and enhance road safety for drivers. The alert system is typically

integrated into a road monitoring infrastructure, which may include on-vehicle
cameras, drones, sensors, or stationary monitoring units.
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CHAPTER 3

SYSTEM ANALYSIS
3.1 Feasibility Study

An important outcome of the preliminary investigation is the determination that the system
requested is feasible. This is to identify the objectives of a new system. Before solving a
problem one must know what the problem is. The study is carried out by a small group of
people who are familiar with system analysis and the design process. Fact finding techniques
are used to gather the required information.

Leveraging deep learning models such as Convolutional Neural Networks (CNNSs), the
system will identify and classify road defects (e.g., cracks, potholes, surface deformations).
This system will streamline road maintenance processes, ensuring faster identification of
critical damages, reducing costs, and improving public safety. The feasibility study evaluates

the project's technical, operational, financial, and market aspects.

The three major areas consider while determining the feasibility of the project are:

e Economic Feasibility
e Technical Feasibility

e Operational Feasibility
e Legal Feasibility

e Scheduling Feasibility

3.1.1 Economical Feasibility

Economic feasibility attempts to weigh the costs of developing and implementing a new
system, against the benefits that would accrue from having the new system in place. This
feasibility study gives the top management the economic justification for the new system. A
simple economic analysis which gives the actual comparison of costs and benefits are much
more meaningful in this case. In addition, this proves to be a useful point of reference to
compare actual costs as the project progresses. There could be various types of intangible
benefits on account of automation. A system can be developed technically and that will be
used if installed and must still be a good investment for the organization. In the economic
feasibility, the development cost in creating the system is evaluated against the ultimate

benefit derived from the new systems.

The system is economically feasible. It does not require any additional hardware or

10



software. Since the interface for this system is developed using the existing resources and
technologies available. Operational costs cover data storage, system maintenance, and
staffing for monitoring and troubleshooting. The system offers long-term cost savings by
enabling proactive road maintenance, reducing the need for costly repairs, preventing
accidents, and improving efficiency by automating inspections. Ultimately, the economic
feasibility of such a system depends on balancing initial investments with ongoing
operational expenses while ensuring substantial returns in terms of reduced repair costs,

improved road safety, and operational efficiency.

3.1.2 Technical Feasibility

The technical issue usually raised during the feasibility stage of the investigation includes

the following:

e Doesthe necessary technology exist to do what is suggested?

e Does the proposed equipment have the technical capacity to hold the data required
to use the new system?

e Will the proposed system provide adequate response to inquiries, regardless of the
number or location of users?

e Canthe system be upgraded if developed?

e Are there technical guarantees of accuracy, reliability, ease of access and data
security?

It is technically feasible, since the whole system is designed with the latest technologies
like Python (NumPy, Pandas) and Machine Learning. It uses the latest hardware
technologies like Intel-5[15] and above systems. Software solutions leveraging machine
learning and image processing algorithms can analyse this data to detect and classify road
damage, with existing Al frameworks offering a solid foundation. Additionally, the system
requires robust data processing and storage capabilities, which can be addressed through
cloud computing or edge computing for real-time analysis. Integration with existing
infrastructure, such as traffic management systems and geographic information systems
(GIS), is crucial for efficient operation, while scalability and adaptability ensure the system

can handle diverse road networks and environmental conditions.
3.1.3 Operational Feasibility

Proposed projects are beneficial only if they can be turned into an information system. That

will meet the organization’s operating requirements. Operational feasibility aspects of the

11



project are to be taken as an important part of the project implementation. Some of the
important issues raised are to test the operational feasibility of a project includes the

following:

e Isthere sufficient support for the management fromthe users?
e Willthe system be used and work properly if it is being developed and implemented?

o Will there be any resistance from the user that will undermine the possible
application benefits?

This system is targeted to be in accordance with the above-mentioned issues. It is
operational feasible, since the system is providing an interactive user interface to the
operator/end user, so he/she feels very easy to work on it. Response to the operator/end user
is fast and good. The well-planned design would ensure the optimal utilization of the
computer resources and would help in the improvement of performance status. Successful
implementation relies on adequate training for staff to ensure proper use of the system, such
as interpreting alerts and managing data. Additionally, the system must support real-time
detection and notifications to enable quick responses, while also being backed by ongoing
maintenance and technical support. Ensuring that the required resources, such as staffing and
financial support, are available to sustain the system’s operation is crucial. Finally, the
system'’s efficiency and cost-effectiveness must be evaluated to ensure it provides long-term

value while being sustainable in the long run.

3.1.4 Legal Feasibility

Legal feasibility focuses on understanding whether the project complies with laws,
regulations, and legal considerations relevant to the technology, data usage, and deployment.
In the case of automatic road damage detection using deep learning and images, there are
several legal factors that need to be carefully considered to ensure the project is compliant

and protected from potential legal issues.

This assessment investigates whether any aspect of the proposed project conflicts
with legal requirements like zoning laws, data protection acts or social media laws. Let’s say
an organization wants to construct a new office building in a specific location. A feasibility
study might reveal the organization’s ideal location isn’t zoned for that type of business.
That organization has just saved considerable time and effort by learning that their project
was not feasible right from the beginning. The system must also respect intellectual property

rights, ensuring that no patents or copyrights are infringed upon during

12
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development and deployment. Liability is another key consideration, as misidentifications
or system failures could lead to accidents or further damage, necessitating clear definitions
of responsibility and proper insurance coverage.

Additionally, the system must comply with local, regional, and national regulations
governing infrastructure management, road safety, and environmental protection, including
acquiring necessary permits if drones or other technologies are used. Overall, legal
feasibility ensures that the system operates within legal frameworks, mitigating risks and

ensuring its safe and lawful deployment.

3.1.5 Scheduling Feasibility

Scheduling feasibility refers to evaluating the time frame required to develop, test, deploy,
and maintain the system, ensuring that the project can be completed within a reasonable and
realistic timeframe. This includes considering factors such as project phases, resource

availability, potential delays, and milestones.

This assessment is the most important for project success; after all, a project will fail
if not completed on time. In scheduling feasibility, an organization estimates how much time

the project will take to complete. , 2013.

Win When these areas have all been examined, the feasibility analysis helps identify any

constraints the proposed project may face, including: 2013.

e Internal Project Constraints: Technical, Technology, Budget, Resource, etc.
e Internal Corporate Constraints: Financial, Marketing, Export, etc.

e External Constraints: Logistics, Environment, Laws, and Regulations, etc.

Additionally, sufficient time must be allocated for testing and iteration to ensure the
system is reliable and effective. External factors, such as regulatory approvals or weather
conditions affecting data collection, can introduce delays, so these must be accounted for in
the schedule. If the system is to be scaled for larger areas, the schedule must also
accommodate the time needed for expansion and integration. Overall, scheduling feasibility
ensures that all project phases are realistically planned and that the system can be deployed

on time without compromising quality or performance.

13
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3.2 Software Requirement Specification

A Software Requirement Specification (SRS) is a document that clearly and precisely
specifies each and every requirement for the software product as well as the external
interfaces to hardware and firmware. Each requirement should be defined so that it can be
verified by a method such as inspection, demonstration, analysis and testing. There a number
of desirable properties that an SRS should possess. In particular, the requirements documents

should possess. In particular, the requirements documents should be:

e Correct

e Complete

e Consistent
e Functional
e Verifiable

e Traceable

e Easily changed
3.2.1 Software Requirements

The software requirements for an automatic road damage detection system using deep learning
and images include an operating system (Linux, Windows, or macQOS), deep learning
frameworks like TensorFlow or PyTorch, and image processing libraries such as OpenCV and
Pillow.

3.2.1.1 Operating Systems

Microsoft Windows 8.1

Start - Erancie I

Jean Stone
Thank you for your help!
It was great to have your help moving

San Francisco
Sunny

Today.
65/ 527 Mostly sunny

FIG 3.2.1.1: WINDOWS 8.1
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Windows 8.1 is a release of the Windows NT operating system developed by Microsoft. It
was released to manufacturing on August 27, 2013, and broadly released for retail sale on
October 17, 2013, about a year after the retail release of its predecessor, and succeeded
by Windows 10 on July 29, 2015. Windows 8.1 was made available for download
via MSDN and TechNet and available as a free upgrade for retail copies of Windows 8
and Windows RT users via the Windows Store. A server version, Windows Server 2012 R2,
was released on October 18, 2013.

Windows 8.1 would be succeeded by Windows 10 in 2015. Mainstream support for
Windows 8.1 ended on January 9, 2018, and extended support ended on January 10,
2023. Mainstream support for the Embedded Industry edition of Windows 8.1 ended on July
10, 2018, and extended support ended on July 11, 2023.

3.2.1.1 Python Interpreter
IPython

IPython (Interactive Python) is a command shell for interactive computing in multiple
programming languages, originally developed for the Python programming language, that
offers introspection, rich media, shell syntax, tab completion, and history. IPython allows
non-blocking interaction with Tkinter, PyGTK, PyQt/PySide and wxPython (the standard

Python shell only allows interaction with Tkinter).

IPython can interactively manage parallel computing clusters using asynchronous
status callbacks and/or MPI. IPython can also be used as a system shell replacement.®! Its
default behavior is largely similar to Unix shells, but it allows customization and the

flexibility of executing code in a live Python environment.

3.2.1.2 Text Editor

Jupyter notebook

Project Jupyter is a project to develop open-source software, open standards, and services
for interactive computing across multiple programming languages. It was spun off
from IPython in 2014 by Fernando Pérez and Brian Granger. Project Jupiter’s name is a
reference to the three core programming languages supported by Jupyter, which are

Julia, Pythonand R. Its name and logo are an homage to Galileo's discovery of
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the moons of Jupiter, as documented in notebooks attributed to Galileo. Jupyter is financially

sponsored by the Jupyter Foundation.

jupyter

FIG 3.2.1.3: JUPYTER NOTEBOOK

3.2.1.3 Back-End Tools

Python 3.7

Python is a high-level, general-purpose programming language. Its design philosophy
emphasizes code readability with the use of significant indentation. Python is dynamically
type-checked and garbage-collected. It supports multiple programming paradigms,
including structured (particularly procedural), object-oriented and functional programming.
It is often described as a "batteries included™ language due to its comprehensive standard

library.

Python was conceived in the late 1980s*?! by Guido van Rossum at Centrum Wiskunde &
Informatica (CWI) in the Netherlands as a successor to the ABC programming language,
which was inspired by SETL,“ capable of exception handling and interfacing with the

Amoeba operating system.™*?! Its implementation began in December 1989.

Python 3.7, released on June 27, 2018, is a version of the Python programming language that
introduced several improvements and new features. It provides enhanced performance, better

security and better error handling in async tasks.
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FIG 3.2.1.4: PYTHON 3.7

3.2.2 Hardware Requirements
3.2.2.1 Ram
4GB and higher

Random-access memory is a form of electronic computer memory that can be read and
changed in any order, typically used to store working data and machine code. A random-
access memory device allows data items to be read or written in almost the same amount of
time irrespective of the physical location of data inside the memory, in contrast with other
direct-access data storage media (such as hard disks and magnetic tape), where the time
required to read and write data items varies significantly depending on their physical
locations on the recording medium, due to mechanical limitations such as media rotation

speeds and arm movement.

If you're referring to the RAM requirements for Python 3.7 and higher, particularly in
the context of running deep learning models or other resource-intensive applications, then a
4GB or higher RAM capacity would be necessary for basic use. However, for more
demanding tasks like training deep learning models, handling large datasets, or running

multiple applications simultaneously, 16GB or more of RAM would be recommended.
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FIG 3.2.2.1: RAM

3.2.2.2 Processor

Intel[i5] and above

Core i5 processors based on the "Sandy Bridge" microarchitecture at CES 2011. New dual-
core mobile processors and desktop processors arrived in February 2011. The Core i5-2XxX
line of desktop processors are mostly quad-core chips, with the exception of the dual-core
Core 15-2390T, and include integrated graphics, combining the key features of the earlier
Core i5-6xx and Core i5-7xx lines. The suffix after the four-digit model number designates

unlocked multiplier (K), low-power (S) and ultra-low-power(T).

The desktop CPUs now all have four non-SMT cores (like the i5-750), with the
exception of the i5-2390T. The DMI bus runs at 5 GT/s. The mobile Core i5-2xxxM
processors are all dual-core and hyper-threaded chips like the previous Core i5-5xxM series,

and share most of the features with that product line.

An Intel Core i5 processor or higher is ideal for most Python-based tasks. For light to
moderate machine learning and data processing, an i5 with 8GB of RAM will suffice.
However, for more intensive tasks like deep learning, Intel Core i7 or i9 with 16GB RAM
or more and a dedicated GPU will offer the best performance, particularly when training
models. The context in which this requirement is set could be anything from a system

specification for running software or hardware to a guideline for building a computer.
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3.2.2.3 Hard Disk
500GB

A hard disk drive (HDD), hard disk, hard drive, or fixed disk is an electro-mechanical data
storage device that stores and retrieves digital data using magnetic storage with one or more
rigid rapidly rotating platters coated with magnetic material. The platters are paired with
magnetic heads, usually arranged on a moving actuator arm, which read and write data to the
platter surfaces.

Data is accessed in a random-access manner, meaning that individual blocks of data
can be stored and retrieved in any order. HDDs are a type of non-volatile storage, retaining
stored data when powered off. Modern HDDs are typically in the form of a small rectangular

box.

If you’re working with system requirements for software or hardware setup, having a
500GB storage drive ensures sufficient space for your operating system, applications, and
files. This specifies that the system or device must have a hard disk drive (HDD) or solid-
state drive (SSD) with a storage capacity of at least 500GB. It can be either a traditional
HDD.

This implies that the processor must be at least an Intel Core i5 model or any higher-tier
processor, such as an Intel Core i7, i9, or other advanced series like Xeon or Intel's newer

Alder Lake and Raptor Lake processors.
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3.3 Functional Requirements

User Interfaces: In this module, users need to upload the required dataset in
specified format. Appropriate error handling is done using exceptions in-order to
isolate abnormal results or conditions. A well-connected internet connection either
using a modem or cable or Wi-Fi or any other form should exist. The client only
requires a browser for communication.

The system should allow users to confirm, correct, and categorize damage
while providing real-time notifications for urgent repairs. System administrators will
have access to a management interface for user control, system configuration, model
maintenance, and monitoring of system health, ensuring smooth operation and the
ability to troubleshoot or update the system. Managers will use an executive
dashboard for high-level reports, including damage breakdowns, repair cost
estimates, and geographical insights, along with decision-support tools to prioritize
repairs. An optional interface for citizens will enable them to report road damage via
a mobile app or website, view the status of repairs, and provide feedback once repairs
are complete.

Additionally, a mobile app interface for field users is essential for real-time

data access and updates, even in areas with limited connectivity. Overall, the
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system’s user interfaces must facilitate seamless interaction, improve efficiency in
road damage detection and repair, and provide real-time access to essential data and

notifications for all users.

e Software Interfaces: The input to the system would be data in the form of an excel
sheet. The outgoing data would be in the form of accuracy whether the patient is
cured or not based upon the algorithm applied. A compatible browser is required to
access the data in the form of a dataset.

Firstly, the system will need an image processing module, which could be
integrated with pre-existing computer vision libraries or deep learning frameworks
like TensorFlow or PyTorch. This module will receive raw image data from external
devices (e.g., cameras or drones), preprocess it, and pass it to the damage detection
models. Machine learning APIs will be responsible for providing the trained models
for damage detection and classification, allowing for model inference based on new
input data.

The system may also interact with notification services, such as email or SMS
APls, to alert maintenance teams or managers when significant road damage is
detected or requires urgent attention. Finally, a mobile app interface will be crucial
for providing field users with access to real-time data on their smartphones or tablets,

enabling them to interact with the system even when offline or in remote locations.

3.4 Non-Functional Requirements

Non-functional requirements are the requirements which are not directly concerned with the
specific function delivered by the system. They specify the criteria that can be used to judge
the operation of a system rather than specific behavior. They may relate to emergent system
properties such as reliability, response time and store occupancy. Non-functional
requirements arise through the user needs, because of budget constraints, organizational
policies, the need for interoperability with other software and hardware systems or because

of external factors such as:

e Product Requirements

e Organizational Requirements
¢ Reliability

e Performance Requirements

e Supportability

21



Additionally, the system should be user-friendly, with interfaces that are intuitive for
operators and easily integrated into existing workflows. These non-functional requirements
ensure that the system is robust, secure, and effective in delivering its intended performance

over time.

Automatic road damage detection using images and deep learning techniques offers an
innovative and efficient solution for road maintenance. By utilizing high-resolution images
captured through cameras mounted on vehicles, drones, or stationary devices, deep learning
models, particularly Convolutional Neural Networks (CNNs), can automatically identify and
classify various types of road damage, such as cracks, potholes, and surface deformations.
These models are trained on labeled datasets and can detect damage in real time, making the
process faster and more accurate compared to traditional manual inspections. This
technology not only reduces the time and cost associated with road assessments but also
enhances road safety by enabling quicker identification of hazardous conditions. As deep
learning techniques continue to evolve, integrating real-time analysis and multimodal sensor
data (like LIDAR) can further improve detection accuracy and provide a more robust

solution for managing road infrastructure efficiently.
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CHAPTER 4
SYSTEM DESIGN

The most creative and challenging phase of the system life cycle is the system design.
System design is the process that states the details of how a system will meet the
requirements identified during system analysis. When the analyst prepares logical system
design, they specify the user needs at a level of detail that virtually determines information
flow into and out of the system and the required data source. First step in the design is to
determine how the output is to be produced and in what format. Secondly, input data and
master files have to be designed to meet the requirement of proposed output. Finally, at the
end of the design phase, the system flow chart will be ready which is used as the base of the

coding phase.

Unified Modeling Language (UML) is a standardized modeling language used to
visualize, specify, construct, and document the artifacts of a software system. UML helps in
the design and specification of software systems and provides a way to communicate and

represent system components and their relationships.

4.1 UML Diagrams

4.1.1 Unified Modelling Language

The Unified Modelling Language (UML) is a standard language for specifying, visualizing,
constructing, and documenting the artifacts of software systems, as well as for business
modeling and other non-software systems. The UML represents a collection of best
engineering practices that have proven successful in the modeling of large and complex
systems. The UML is a very important part of developing objects-oriented software and the
software development process. The UML uses mostly graphical notations to express the
design of software projects. Using the UML helps project teams communicate, explore

potential designs, and validate the architectural design of the software.

UML’s ability to provide a detailed, yet understandable visual representation of the
system’s design makes it a crucial tool for both developers and stakeholders, ensuring better
communication, early detection of design flaws, and smooth implementation of the road
damage detection system. Furthermore, UML allows for easy scalability and adaptation of
the system as it can accommodate modifications in architecture or features over time, making

it a flexible tool throughout the lifecycle of the project.
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4.1.2 Goals of UML

The primary goals in the design of the UML are:

e Provide users with a ready-to-use, expressive visual modeling language so they can
develop and exchange meaningful models.

e Provide extensibility and specialization mechanisms to extend the core concepts.

e Beindependent of particular programming languages and development processes.

e Provide a formal basis for understanding the modeling language.

e Encourage the growth of the OO tools market.

e Support higher-level development concepts such as collaborations, frameworks,
patterns and components.

e Integrate best practices.

As the strategic value of software increases for many companies, the industry looks
for techniques to automate the production of software and to improve quality and reduce
cost and time-to-market. These techniques include component technology, visual
programming, patterns and frameworks. Businesses also seek techniques to manage the
complexity of systems as they increase in scope and scale. In particular, they recognize the
need to solve recurring architectural problems, such as physical distribution, concurrency,
replication, security, load balancing and fault tolerance. Additionally, the development for
the World Wide Web, while making some things simpler, has exacerbated these architectural

problems. The Unified Modelling Language (UML) was designed to respond to these needs.

4.2 Use Case Diagram

A use case diagram at its simplest is a representation of a user's interaction with the system
that shows the relationship between the user and the different use cases in which the user is
involved. A use case diagram can identify the different types of users of a system and the
different use cases and will often be accompanied by other types of diagrams as well. Use
Cases extend beyond pictorial diagrams. In fact, text-based use case descriptions are

often used to supplement diagrams, and explore use case functionality in more detail.

A Use Case Diagram illustrates the interactions between actors (users or external
systems) and the system itself, focusing on the system's functionality from the user's
perspective. It helps to define the system’s functional requirements. The use case diagram,

therefore, serves as a vital tool for understanding the overall functionality of the system,
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identifying all user interactions, and ensuring that the system’s design covers all necessary

use cases for optimal performance.
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FIG 4.2: USE CASE DIAGRAM
4.3 Sequence Diagram

A sequence diagram shows object interactions arranged in time sequence. It depicts the
objects and classes involved in the scenario and the sequence of messages exchanged
between the objects needed to carry out the functionality of the scenario. Sequence diagrams
are typically associated with use case realizations in the Logical View of the system under
development. Sequence diagram documents the interactions between classes to achieve a
result, such as a use case. The sequence diagram lists objects horizontally, and time
vertically, and models these messages over time. Sequence diagrams are sometimes called
event diagrams or event scenarios.

It is a type of UML diagram that illustrates how objects or components in a system
interact over time. It represents the sequence of messages exchanged between different
components of the system to accomplish a specific task or use case. In this case, we’ll create
a sequence diagram that shows the process of uploading an image, detecting road damage,

and generating a report. Scheduling. A sequence diagram represents the interaction
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between different objects in the system. The important aspect of a sequence diagram is that
it is time-ordered. This means that the exact sequence of the interactions between the objects
is represented step by step. Different objects in the sequence diagram interact with each other
by passing "messages". This aids in understanding the system’s operation and ensures that
the components interact as intended to achieve the desired outcomes in real-time road

damage detection and repair scheduling.

The diagram would begin with the road inspection process, where the sensor or
camera captures images of the road surface and sends the data to the system. The system
then processes the captured images, triggering a series of algorithmic steps for damage
identification, such as applying machine learning models or image recognition techniques.
Once the system identifies potential damage, it sends an alert to the maintenance team,

specifying the location, severity, and type of damage.

By illustrating these interactions and their order, the sequence diagram provides
clarity on the communication flow, helps in identifying system bottlenecks, and ensures that
all components work cohesively in detecting and addressing road damage. This diagram is
essential for both technical teams to optimize system performance and for stakeholders to

understand the operational workflow.
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4.4 Activity Diagram

Activity diagrams are graphical representations of workflows of stepwise activities and
actions with support for choice, iteration and concurrency. In the Unified Modelling
Language, activity diagrams are intended to model both computational and organizational
processes (i.e., workflows), as well as the data flows intersecting with the related activities.
Although activity diagrams primarily show the overall flow of control, they can also include

elements showing the flow of data between activities through one or more data stores.

It represents the flow of activities or actions within a system. It helps to visualize the
sequence of actions and decision points, focusing on the flow of control. In the case of an
automatic road damage detection system, the activity diagram can represent the process from
image upload to damage detection and report generation.

The process begins when the road inspector uploads an image, followed by the
system preprocessing the image for enhanced analysis. The Al model then detects road
damage, such as potholes or cracks, and generates a detailed report. Additionally, the
diagram may include error handling activities to account for scenarios like false positives,

where the system mistakenly identifies damage, and how those are addressed.

Overall, the activity diagram serves as a blueprint for understanding the flow of
activities within the system, helping to identify potential inefficiencies, ensuring smooth
operation, and facilitating collaboration among the system's various components. It is a
powerful tool for both developers and stakeholders to visualize, optimize, and troubleshoot

the road damage detection process.

The activity diagram for an "Automatic Road Damage Detection System Using
Images and Deep Learning Techniques™” involves several key steps. The process begins
with image collection, where road images are captured using cameras mounted on
vehicles, drones, or fixed cameras. Once the images are gathered, the system moves to the

preprocessing phase, where the images are resized, noise is removed, and pixel values.
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FIG 4.4: ACTIVITY DIAGRAM

An Activity Diagram is a graphical representation that models the dynamic aspects of a
system, illustrating the flow of control or data between activities or actions in a system.
Primarily used in the Unified Modeling Language (UML), an Activity Diagram provides a
detailed view of the operational flow of a system, particularly useful in depicting workflows,
business processes, or the step-by-step execution of operations. It serves as a high-level map
of system processes, capturing the sequence of activities, decision points, parallel processes,
and transitions. In an Activity Diagram, each activity represents a single operation or task
within a process, while the arrows between activities indicate the flow of control. A key
feature of Activity Diagrams is their ability to showcase both sequential and concurrent
behaviors. For example, an Activity Diagram can describe how multiple tasks may occur
simultaneously (concurrent flows), using forks and joins to represent parallel actions. In

addition to sequential and parallel flows, Activity Diagrams also feature decisions.
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Swim lanes help clarify roles and responsibilities within a process, dividing the diagram into
horizontal or vertical sections to show how activities are distributed among different entities,
whether human or system components. Activity Diagrams are highly versatile, making them
suitable for a wide range of purposes, from business process modeling to software design.
They can describe complex workflows, user interactions, system processes, and even
external systems’ interactions, making them valuable in software engineering, business
process management, and systems analysis. One key advantage of Activity Diagrams is their
clarity and simplicity, as they abstract away unnecessary details, focusing instead on the
essential steps and decisions involved in a process. They also play a vital role in visualizing
scenarios where multiple processes or actions occur concurrently, allowing stakeholders to
understand complex workflows without needing to delve into intricate details of the
underlying system. Moreover, Activity Diagrams are useful for documenting and
communicating business or system logic, ensuring that all stakeholders, including
developers, designers, and business analysts, have a clear understanding of how the system
behaves. Activity Diagrams can be integrated into larger UML models, such as use case
diagrams or class diagrams, to provide a more comprehensive understanding of system
behavior and interactions. When compared to other UML diagrams, such as sequence
diagrams or state diagrams, Activity Diagrams provide a more abstract, process-oriented
view, focusing on what happens rather than how it happens. This makes them particularly
useful in early stages of system design or for high-level process modeling. In addition to
system design and analysis, Activity Diagrams are valuable for simulating and optimizing
processes. For instance, in business process management, Activity Diagrams can be used to
analyze workflows, identify bottlenecks, and propose improvements to increase efficiency.
In software development, these diagrams can help developers understand the flow of data
and operations, supporting decisions about architecture and implementation. They can also
be used as part of requirements gathering, as they allow stakeholders to visualize the
sequence of actions or tasks that need to occur in a particular use case, ensuring all functional
requirements are captured accurately. Furthermore, Activity Diagrams are closely related to
state diagrams in that they represent the flow of activities between different system states,
but they are more concerned with the flow of control rather than the states themselves. While
state diagrams focus on system states and their transitions, Activity Diagrams focus on the
sequence of activities or actions. parallel processes. In such cases, the diagram may require

careful planning and organization to avoid confusion.
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Diagrams are primarily used in the context of system design and analysis, they also find
applications outside software development, including in business process modeling, where
they help map out procedures in an organization or within a workflow. Business analysts can
use Activity Diagrams to improve understanding of current processes, identify
inefficiencies, and design more optimized workflows. For instance, an Activity Diagram can
be used to depict a customer service process, illustrating how a customer interacts with
support agents and how the process flows from inquiry to resolution. Similarly, in healthcare,
Activity Diagrams can model patient workflows, from admission to discharge, allowing
healthcare providers to identify potential bottlenecks or inefficiencies in patient care
processes. Activity Diagrams are also essential tools in system testing and quality assurance,
as they provide clear maps of expected behavior, which can be compared against actual
outcomes to ensure that systems or processes perform as intended. By creating Activity
Diagrams early in the development process, organizations can anticipate challenges and
ensure that all critical steps are addressed during development or implementation.
Additionally, they play a key role in agile methodologies, where rapid iteration and
continuous feedback require the flexible adaptation of processes. The diagram’s clear
representation of tasks, actions, and decision points allows teams to adapt to changes quickly
and ensure that development remains on track. In summary, Activity Diagrams offer a

powerful visual tool for mapping out system behaviors, processes, and workflows.

30



CHAPTER 5
IMPLEMENTATION

Implementation is the stage of the project when the theoretical design is turned into
a working system. Thus, it can be considered to be the most critical stage in achieving
a successful new system and in giving the user, confidence that the new system will work

and be effective.

5.1 Technologies And Language
5.1.1 Python 3.6

Python is an easy to learn, powerful programming language. It has efficient high-level data
structures and a simple but effective approach to object-oriented programming. Python’s
elegant syntax and dynamic typing, together with its interpreted nature, make it an ideal
language for scripting and rapid application development in many areas on most platforms.

Python is a general-purpose interpreted, interactive, object-oriented, and high-level
programming language. It was created by Guido van Rossum during 1985- 1990. Like Perl,
Python source code is also available under the GNU General Public License (GPL). Python
is a high-level, interpreted, interactive and object-oriented scripting language. Python is
designed to be highly readable. It uses English keywords frequently whereas other languages

use punctuation, and it has fewer syntactic constructions than other languages.

Python is an easy to learn, powerful programming language. It has efficient high-level
data structures and a simple but effective approach to object-oriented programming.
Python’s elegant syntax and dynamic typing, together with its interpreted nature, make it an
ideal language for scripting and rapid application development in many areas on most
platforms. The Python interpreter is easily extended with new functions and data types
implemented in C or C++ (or other languages callable from C). Python is also suitable as an
extension language for customizable applications. Some of the key advantages of learning
Python:

e Python is interpreted: Python is processed at runtime by the interpreter. You do not

need to compile your program before executing it. This is similar to PERL and PHP.

e Python is Interactive: You can actually sit at a Python prompt and interact with the
interpreter directly to write your programs.
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e Python is Object-Oriented: Python supports Object-Oriented style or technique of
programming that encapsulates code within objects.

5.1.2 Machine Learning

Machine Learning is undeniably one of the most influential and powerful technologies in
today’s world. More importantly, we are far from seeing its full potential. There’s no doubt,
it will continue to make headlines for the foreseeable future. Machine learning is a tool for
turning information into knowledge. In the past 50 years, there has been an explosion of
data. This mass of data is useless unless we analyze it and find the patterns hidden within.
Machine learning techniques are used to automatically find the valuable underlying patterns
within complex data that we would otherwise struggle to discover. The hidden patterns and
knowledge about a problem can be used to predict future events and perform all kinds of

complex decision making.

Most of us are unaware that we already interact with Machine Learning every single
day. Every time we Google something, listen to a song or even take a photo, Machine
Learning is becoming part of the engine behind it, constantly learning and improving from
every interaction. It’s also behind world-changing advances like detecting cancer, creating

new drugs and self-driving cars.

Machine learning is a method of data analysis that automates analytical model
building. It is a branch of artificial intelligence based on the idea that systems can learn from
data, identify patterns and make decisions with minimal human intervention. It is the
scientific study of algorithms and statistical models that computer systems use to perform a
specific task without using explicit instructions, relying on patterns and inference instead. It
is seen as a subset of artificial intelligence. Machine learning algorithms build a
mathematical model based on sample data, known as "training data”, in order to make
predictions or decisions without being explicitly programmed to perform the task. Machine
learning algorithms are used in a wide variety of applications, such as email filtering and
computer vision, where it is difficult or infeasible to develop a conventional algorithm for

effectively performing the task.

Machine learning is closely related to computational statistics, which focuses on
making predictions using computers. The study of mathematical optimization delivers
methods, theory and application domains to the field of machine learning. Data mining is a

field of study within machine learning, and focuses on exploratory data analysis through
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unsupervised learning. In its application across business problems, machine learning is also

referred to as predictive analytics.

5.1.3 Data Collection

Pothole datasets are taken from Kaggle. Kaggle allows users to find datasets used in building
Al models, publish datasets, and work with other data scientists and machine learning
engineers. The dataset used for training impacts the models' effectiveness and dependability
demanding realistic pothole photographs to be included in the dataset. Thus, the most recent
pothole image dataset that is publicly available is utilized. This data set consists of 1265
training images, 401 validation images and 118 test images. Finally, it is validated to ensure

the utmost accuracy in real time.

5.1.4 Deep Learning Approach

The Yolo V8 algorithm is used in the proposed system. The YOLO stands for "You Only
Look Once. It is a deep learning-based object detection algorithm that uses a single
convolutional neural network (CNN) to simultaneously predict bounding boxes and class
probabilities for objects in an image. It is essential to approach deep learning with YOLO,
prepare a dataset, choose a YOLO model, fine-tune the model, evaluate the performance,
and deploy it to predict new images or video streams. It is employed based on the roots of

deep learning for object detection using YOLO.

5.2 Classification Metrics

The sklearn.metrics module implements several loss, score, and utility functions to measure
classification performance. Some metrics might require probability estimates of the positive
class, confidence values, or binary decisions values. Most implementations allow each
sample to provide a weighted contribution to the overall score, through the sample
weight parameter.

Some of these are restricted to the binary classification case:

precision_recall_curve(y_true, probas Compute precision-recall  pars  for different

_pred, *) probability thresholds.

balanced_accuracy _score(y_true,y

pred, *[, ...])

Compute the balanced accuracy.
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https://scikit-learn.org/stable/modules/classes.html#module-sklearn.metrics
https://scikit-learn.org/stable/modules/generated/sklearn.metrics.precision_recall_curve.html#sklearn.metrics.precision_recall_curve
https://scikit-learn.org/stable/modules/generated/sklearn.metrics.balanced_accuracy_score.html#sklearn.metrics.balanced_accuracy_score

confusion_matrix(y_true, y_pred, *[, Compute confusion matrix to evaluate the accuracy of

)] a classification.

accuracy_score(y_true, y_pred, *[,

")

Accuracy classification score.

classification_report(y_true, y_pred,  Build atext report showing the main classification

*,...D metrics.

TAB 5.2: CLASSIFICATION METRICS

5.2.1 Accuracy Score

The accuracy score function computes the accuracy, either the fraction (default) or the count

(normalize=False) of correct predictions.

In multi label classification, the function returns the subset accuracy. If the entire
set of predicted labels for a sample strictly match with the true set of labels, then the subset
accuracy is 1.0; otherwise, it is 0.0. If y" is the predicted value of the i-th sample and y; is
the corresponding true value, then the fraction of correct predictions over n samples is
defined as [from sklearn. metrics import accuracy score].

Nsamples—1

accuracy (y,y )=—"" > 1@y i=y)
i=0

5.2.2 Algorithm

YOLOVS is a new state-of-the-art computer vision model built by Ultralytics, the creators of
YOLOvV5. The YOLOV8 model contains out-of-the-box support for object detection,
classification, and segmentation tasks, accessible through a Python package as well as a

command line interface.

To install YOLOVS, run the following command:

pip install ultralytics

Compared to YOLOV8's predecessor, YOLOvV5, YOLOv8 comes with:
1. Anew anchor free detection
2. Changes to the convolutional blocks used in the model.

3. Mosaic augmentation applied during training, turned off before the last 10 epochs
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Furthermore, YOLOV8 comes with changes to improve developer experience with the
model. First, the model now comes packaged as a library you can install in your Python code
YOLO stands for You Only Look Once. It is a Deep Learning model used for detection on
images and videos. The first version of YOLO was released in 2016. Since then, frequent
updates are made with the latest improvements: faster computation, better accuracy. We’ll
use the same image as a test to compare both models' performance... but keep in mind,
performance on one image isn’t performance of the entire model. It’s just a nice hint to start

understanding both models.

5.3 Code Along With Results
Importing required packages and reading the dataset
import os
import glob as glob
import matplotlib.pyplot as plt
import random
import cv2
lwget
lunzip -q pothole dataset.zip

I1s -1 pothole_dataset/images/test

Pre-processing first part of the dataset

Visualizing.

def yolo2bbox(bboxes):

xmin, ymin = bboxes[@]-bboxes[2]/2, bboxes[1]-bboxes[3]/2
Xmax, ymax = bboxes[@]+bboxes[2]/2, bboxes[1]+bboxes[3]/2
return xmin, ymin, xmax, ymax

def plot_box(image, bboxes, labels):
# Need the image height and width to denormalize
# the bounding box coordinates

h, w, _ = image.shape
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for box_num, box in enumerate(bboxes):
x1, y1, x2, y2 = yolo2bbox(box)

# Denormalize the coordinates.

xmin = int(x1*w)
ymin = int(yl*h)
xmax = int(x2*w)
ymax = int(y2*h)

thickness = max(2, int(w/275))
cv2.rectangle(
image,
(xmin, ymin), (xmax, ymax),
color=(0, 0, 255),
thickness=thickness
)
return image
def plot(image_paths, label_paths, num_samples):
all _images = []
all images.extend(glob.glob(image_paths+'/*.jpg"))
all images.extend(glob.glob(image_paths+'/*.JPG"))
all labels = glob.glob(label_paths)
all images.sort()
all labels.sort()
num_images = len(all_images)
plt.figure(figsize=(15, 12))
for i in range(num_samples):
j = random.randint(9,num_images-1)

image = cv2.imread(all_images[j])
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with open(all_labels[j], 'r') as f:

bboxes

[]

labels = []

label lines = f.readlines()
for label_line in label_lines:
label = label line[9]
bbox_string = label line[2:]

X _C, Y_C, W, h = bbox_string.split("' ")

X
(@]
1}

float(x_c)

float(y _c)

I
(@]
1}

w = float(w)
h = float(h)
bboxes.append([x_c, y c, w, h])
labels.append(label)
result_image = plot_box(image, bboxes, labels)
plt.subplot(2, 2, i+l)
plt.imshow(result_image[:, :, ::-1])
plt.axis('off")

plt.subplots_adjust(wspace=1)

plt.tight_layout()

plt.show()

Visualize a few training images.

plot(
image_paths="'pothole_dataset/images/train/",
label paths='pothole dataset/labels/train/*.txt",
num_samples=4,
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CHAPTERG
TESTING

Testing is the debugging program is one of the most critical aspects of the computer
programming triggers, without programming that works, the system would never produce
an output of which it was designed. Testing is best performed when user development is
asked to assist in identifying all errors and bugs. The sample data are used for testing. It is
not quantity but quality of the data used the matters of testing. Testing is aimed at ensuring
that the system was accurately an efficiently before live operation commands.

6.1 Objectives Of Testing

The main objective of testing is to uncover a host of errors, systematically and with minimum
effort and time. Stating formally, we can say, testing is a process of executing a program

with intent of finding an error.

e Asuccessful test is one that uncovers an as yet undiscovered error.
e Agoodtest case is one that has probability of finding an error, if it exists.
e Thetest is inadequate to detect possibly present errors.

e The software more or less confirms to the quality and reliable standards

6.2 Software Testing Techniques

Each Module can be tested using the following two Strategies:

e Black Box Testing
e White Box Testing

6.2.1 Black Box Testing

Black box testing is a software - testing techniques in which functionality of the software
under test (SUT) is tested without looking at the internal code structure, implementation
details and knowledge of internal paths of the software. This type of testing is based entirely

on the software requirements and specifications.

In Black Box Testing we just focus on inputs and output of the software system
without bothering about internal knowledge of the software program. Black box testing helps
to uncover issues related to the user interface, functionality, and overall system performance,

making it a vital part of the quality assurance process, especially in ensuring
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that the system meets its intended purpose. Black box testing helps to uncover issues related

to the user interface, functionality, and overall system performance, making it a vital part of

the quality assurance process, especially in ensuring that the system meets its intended

purpose.

Steps:

Here are the generic steps followed to carry out any type of Black Box Testing.

Initially requirements and specifications of the system are examined.

Tester chooses valid inputs (positive test scenario) to check whether SUT processes
them correctly. Also, some invalid inputs (negative test scenario) are chosen to verify
that the SUT is able to detect them.

Tester determines expected outputs for all those inputs.

Software tester constructs test cases with the selected inputs.

The test cases are executed.

Software tester compares the actual outputs with the expected outputs.

Defects if any are fixed and re-tested.

6.2.1.1 Types Of Black Box Testing

There are many types of Black Box Testing but following are the prominent ones —

Functional testing — This black box testing type is related to functional requirements
of a system it is done by software testers. It tests the system'’s features and capabilities
based on its functional specifications, ensuring that all functionalities work as
intended without considering the internal workings of the system. Functional testing
is typically carried out by providing inputs to the system and checking whether the
outputs match the expected results.

Non-functional testing — This type of black box testing is not related to testing of a
specific functionality, but non-functional requirements such as performance,
scalability, usability. While functional testing focuses on whether the system
performs the required tasks correctly, non-functional testing ensures that the system
meets certain quality attributes, making it suitable for real-world usage under various
conditions.

Regression testing — Regression testing is done after code fixes, upgrades or any
other system maintenance to check the new code has not affected the existing code.
The primary goal of regression testing is to verify that previously working features
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still function as expected after changes are made to the system, and to identify any

unintended side effects caused by the changes.

6.2.2 White Box Testing

White Box Testing is the testing of a software solution&#39; s internal coding and
infrastructure. It focuses primarily on strengthening security, the flow of inputs and outputs
through the application, and improving design and usability. White box testing is also known

as clear, open, structural, and glass box testing.

It is one of two parts of the “box testing” approach of software testing. Its counter-part,
black box testing, involves testing from an external or end-user type perspective. On the
other hand, Whitebox testing is based on the inner workings of an application and revolves
around internal testing. The term “white box” was used because of the see-through box
concept. The clear box or white box name symbolizes the ability to see through the
software’s outer shell (or “box™) into its inner workings. Likewise, the “black box™ in “black
box testing” symbolizes not being able to see the inner workings of the software so that only

the end-user experience can be tested.
White box testing involves the testing of the software code for the following:

e Internal security holes
e Brokenor poorly structured paths in the coding processes
e The flow of specific inputs through the code
e Expected output
6.3 Levels of Testing

Code Testing

This examines the logic of the program. For example, the logic for updating various sample

data and with the sample files and directories were tested and verified.

Specification Testing

Executing this specification starting what the program should do and how it should perform
under various conditions. Test cases for various situation and combination of conditions in

all the modules are tested.

Specific testing is a focused approach in software quality assurance that targets

particular features, modules, or components within a system to ensure they function as
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expected under various conditions. Unlike general testing, which evaluates the overall
system, specific testing hones in on critical aspects such as individual units of code (through
unit testing), how components interact (integration testing), the impact of changes
(regression testing), basic functionality (smoke testing), security vulnerabilities (security
testing), and user requirements (user acceptance testing). This method ensures efficient use
of resources by concentrating efforts on high-risk areas or newly introduced features that
could potentially disrupt the system. Specific testing helps detect bugs early, reducing costs
and improving system reliability. By validating individual components in isolation or in
interaction with others, it mitigates the risk of defects in critical areas, ensuring the software

performs as expected and meets business needs.

e Unit Testing: Unit testing is the process of testing individual components or units of code
in isolation. A unit can be as small as a single function or method. The primary objective of
unit testing is to ensure that each component performs as expected when executed on its
own. By validating small code sections, unit testing helps catch bugs early in the
development process, ensuring that individual units work correctly before they are integrated
with other system components. Unit testing is commonly automated using testing
frameworks like JUnit, NUnit, or PyTest, and is generally performed by developers during

or immediately after writing the code.

e Integration Testing: While unit testing focuses on individual components, integration
testing ensures that different parts of the system work together as expected. This type of
testing focuses on the interaction between modules or systems, checking whether data flows
correctly between components, databases, APIs, or external services. Integration testing is
critical in identifying issues related to how different pieces of a system interact with one
another. For example, when a new module is added to an existing system, integration testing
ensures that the new module functions well with the other modules and does not break any

existing functionality.

e Regression Testing: Regression testing is performed to ensure that new changes, updates,
or bug fixes do not negatively impact the functionality of the system. After a system
undergoes modifications, regression testing verifies that previously working features still
function as expected. This type of specific testing is particularly important in large and
complex systems, where even small changes can unintentionally disrupt established

workflows or cause previously resolved issues to reappear. Regression testing is an ongoing
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process and is typically automated to ensure that new builds do not introduce new bugs into
the system.

e Smoke Testing: Smoke testing is a preliminary, shallow form of testing that checks the
core functionality of the system after a new build or deployment. It is a quick and basic test
to ensure that the application is stable enough for more detailed testing. Smoke tests focus
on the most critical aspects of the system, such as basic user logins, navigation, and data
retrieval processes. If the system fails smoke testing, it is usually rejected before further
testing can be performed. Smoke testing saves time by quickly identifying major issues
before more in-depth testing is carried out.

e Security Testing: Security testing is designed to identify vulnerabilities, threats, and risks
within the system, ensuring that the software is resistant to security breaches, unauthorized
access, or malicious attacks. This type of testing focuses on validating the security features
of the system, such as authentication, authorization, data encryption, and session
management. Security testing also involves identifying common vulnerabilities such as SQL
injection, cross-site scripting (XSS), and other forms of cyberattacks. Given the growing
importance of cybersecurity, specific security tests are vital for ensuring that sensitive data

is protected and that the system complies with relevant security standards.

e User Acceptance Testing (UAT): User acceptance testing (UAT) is a form of specific
testing that is done from the perspective of the end user. UAT is typically performed by
business stakeholders or actual users of the system, and it focuses on verifying whether the
software meets the business requirements and satisfies the users' needs. This testing ensures
that the system behaves in ways that are meaningful and useful to its intended audience.
UAT involves testing real-world scenarios, such as completing a transaction, running
reports, or processing a business workflow. Any issues discovered during UAT are typically

logged, and the system is reworked to meet the user’s expectations.

Specification-based testing, also known as black-box testing, is a software testing
technique that focuses on validating a system's functionality against its specified
requirements without knowledge of its internal code structure. Testers derive test cases
directly from the system's specifications, ensuring that the software behaves as intended from
an end-user perspective. Incorporating specification-based testing into the software

development lifecycle helps ensure that the system meets user needs.
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Unit Testing

In the unit testing we test each module individually and integrate with the overall system.
Unit testing focuses verification efforts on the smallest unit of software design in the module.
This is also known as module testing. The module of the system is tested separately. This

testing is carried out during programming stage itself.

In the testing step each module is found to work satisfactorily as regard to expected
output from the module. There are some validation checks for fields also. For example, the
validation check is done for varying the user input given by the user which validity of the
data entered. It is very easy to find error debut the system.

6.4 Other Testing Techniques
System Testing

Once the individual module testing is completed, modules are assembled and integrated to
perform as a system. The top-down testing, which began from upper level to lower-level

module, was carried out to check whether the entire system is performing satisfactorily.

There are three main kinds of System testing:

e Alpha Testing: This refers to the system testing that is carried out by the test team
with the Organization. It is one of the first stages of testing after unit testing and
integration testing. The goal of Alpha Testing is to identify and fix bugs or issues
within the system before it is made available to a larger group of testers or end-users.

e Beta Testing: This refers to the system testing that is performed by a selected group
of friendly customers. The primary goal of Beta Testing is to identify any remaining
issues, gather feedback from real-world users, and ensure the system performs as
expected in various environments and scenarios before its final release. Beta testers
can provide valuable insights on the system’s usability, functionality, and
performance in a real-world context.

e Acceptance Testing: This refers to the system testing that is performed by the
customer to determine whether or not to accept the delivery of the system. It is
usually the final phase of testing before the software is released to the end-users or
customers. The goal of Acceptance Testing is to ensure that the system fulfills the
functional and non-functional requirements set by the client or stakeholder, and that

it works as expected in real-world scenarios.
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Integration Testing

Data can be lost across an interface, one module can have an adverse effort on the other sub
functions, when combined, may not produce the desired major functions. Integrated testing
is the systematic testing for constructing the uncover errors within the interface. The testing
was done with sample data. The developed system has run successfully for this sample data.
The need for integrated test is to find the overall system performance.

The goal of integration testing is to verify that the modules or components, which
were previously tested independently (during unit testing), work together correctly when
integrated. This testing phase ensures that data flows between the components as expected,
and that they cooperate to perform the intended functionality.

Output Testing

After performance of the validation testing, the next step is output testing. The output
displayed or generated by the system under consideration is tested by asking the user about
the format required by system. The output format on the screen is found to be correct as
format was designed in the system phase according to the user needs. Hence the output

testing does not result in any correction in the system.

It is a type of software testing that focuses on verifying the correctness and accuracy
of the system’s outputs based on the given inputs. The primary goal of output testing is to
ensure that the system produces the expected results in terms of both functionality and
quality. This type of testing is particularly crucial when the system's output is used to make

decisions or trigger further processes.

Output testing plays a critical role in ensuring the quality and reliability of software systems,
hardware, or business processes. In the context of software, output testing verifies that the
system produces the correct, expected results for a given set of inputs. Output testing isn't
limited to just checking the correctness of results but also ensures that the system responds
to changes, unexpected inputs, or errors in a manner consistent with the requirements.
Testing outputs is not only crucial during the development phase but also for maintaining
long-term system integrity through updates or changes. This testing methodology applies to
a wide range of systems, from software applications to hardware and business workflows,

with its primary focus being the accuracy, performance, and reliability of the output.

Output testing is one of the most critical aspects of functional testing. The purpose of testing

outputs is to ensure that the system behaves as expected under different conditions. A system
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might function well in a controlled scenario but fail under less predictable or extreme
conditions. Therefore, it's essential to verify the output produced for every potential scenario,
from the simplest to the most complex. This allows developers and testers to identify bugs,
errors, and inefficiencies that might be present in the system. Proper output testing ultimately
ensures that the user or client receives the expected result from the system, leading to

improved user satisfaction and reliability.

45



CHAPTER 7
ADVANTAGES

» Increased Efficiency And Speed:
Real-Time Detection: Automated systems can process road images and detect
damage in real time, reducing the time required for manual inspections. This ensures
that road damage is identified quickly, allowing for faster intervention and repair.
Large-Scale Coverage: Unlike manual inspections, which are often labor-intensive
and time-consuming, automated systems can cover vast road networks more

efficiently, even in remote or difficult-to-access areas, without human intervention.

» Improved Accuracy And Consistancy:

Reduced Human Error: Human inspections are prone to errors due to fatigue,
inattention, or subjective interpretation. Deep learning models, once trained, are
consistent and can accurately detect various types of road damage, such as potholes,
cracks, and surface deformations, without variation.

Advanced Pattern Recognition: Deep learning techniques, especially
convolutional neural networks (CNNSs), excel at recognizing complex patterns in
images. These models can identify road damage with higher precision and
differentiate between various damage types (e.g., cracks vs. potholes) even under

varying conditions.

» Cost Savings:

Reduced Inspection Costs: By automating the road damage detection process,
governments and municipalities can significantly reduce the costs associated with
manual road inspections, which often require large teams of workers, vehicles, and
equipment.

Minimized Repair Costs: Early and accurate detection of road damage prevents
further deterioration of the infrastructure, reducing the cost of major repairs and
helping to extend the lifespan of roads.

Efficient Resource Allocation: By identifying the most severe and urgent damage
areas, road maintenance teams can be allocated more efficiently, ensuring that

repairs are made where they are most needed, and avoiding unnecessary inspections.
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» Scalability:
Wide Area Coverage: An automated system can be scaled to cover large networks
of roads, highways, and even entire cities, providing comprehensive monitoring
without significant increases in labor costs. Whether using drones, vehicles, or fixed
cameras, the system can easily expand to new areas with minimal additional
investment.
Flexible Deployment: The system can be integrated with various existing
infrastructure such as road surveillance cameras, drones, or autonomous vehicles,

making it adaptable to different environments and applications.

Applications

» Road Maintainance And Repair Prioritization:

Proactive Maintenance: Automatically detecting road damage allows
municipalities and governments to identify areas of concern early on, facilitating
proactive maintenance before minor issues turn into major problems. By detecting
potholes, cracks, or surface deformations, authorities can plan timely repairs to
prevent accidents and extend road lifespan.

Prioritizing Repairs: Automatic detection helps prioritize road repairs by
classifying damage according to severity. This ensures that limited resources (e.qg.,
repair teams, budget) are focused on the most critical issues first, minimizing risks

and optimizing repair efficiency.

» Traffic Safety And Accident Prevention:
Real-Time Safety Alerts: Automatically identifying hazardous road conditions like
deep potholes or large cracks can trigger real-time alerts to drivers and traffic control
centres. This can improve road safety by warning drivers about dangerous areas,
reducing the likelihood of accidents caused by poor road conditions.
Reducing Road Hazards: Consistently monitoring roads for damage leads to
quicker intervention, preventing road-related accidents, vehicle damage, and injuries

by ensuring safer roads.
» Automated Road Inspection:

Reducing Human Labor: Road inspections traditionally require manual labor,

where human inspectors drive or walk along roadsto visually identify damage. With
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an automated system, this process can be carried out more efficiently and frequently
with less human intervention, reducing the need for field personnel and lowering
labor costs.
Comprehensive Coverage: Automated systems can inspect roads more
comprehensively by processing images from cameras mounted on vehicles or drones.
This allows for quicker coverage of large road networks, including hard-to- reach
areas such as bridges or remote sections.

» Insurance And Liability Assessment:
Damage Documentation for Claims: Insurance companies can use automated road
damage detection systems to verify and assess the condition of the roads involved in
accidents. This data can assist in claims processing by providing accurate, real-time
evidence of road conditions at the time of the incident.
Liability Dispute Resolution: When road conditions are a contributing factor in an
accident, automatically detected road damage can be used to determine liability and

resolve disputes more efficiently.

Future Scope

The future of automatic road damage detection using images and deep learning techniques
holds great potential for transforming infrastructure management. As technology evolves,
integration with autonomous vehicles will enable real-time road condition data sharing,
enhancing navigation and safety. Continuous monitoring through drones and sensors will
allow for instant damage detection and faster responses, while smart city systems will further

optimize maintenance efforts.

Advanced deep learning models will improve detection accuracy, even for complex
road issues, and autonomous repair systems may handle minor fixes automatically.
Crowdsourced data will expand coverage, and integration with GIS will help prioritize
repairs based on geographic mapping. Additionally, this technology could be deployed
globally, improving road management in both developed and underserved areas, while also
contributing to sustainability by optimizing repair processes. Overall, the future of automatic
road damage detection promises greater efficiency, safety, and sustainability in road

maintenance.

As technology advances, we can expect greater integration with autonomou
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vehicles, smart cities, and IoT, as well as improvements in accuracy and predictive
capabilities. By embracing these advancements, authorities can further streamline road
maintenance, enhance safety, reduce costs, and contribute to more sustainable infrastructure
management. The ongoing development of automated systems holds the potential to
revolutionize how roads are monitored, repaired, and maintained, making it a crucial part of

the future of intelligent transportation systems and smart infrastructure.

Results

The system successfully processed real-time video footage captured by the dash cam,
performing tasks such as object detection (e.g., pedestrians, vehicles) and event detection
(e.g., sudden braking, collisions). The processor provided enough power to analyze video
streams efficiently, while the 500GB hard disk offered ample storage for recording and

storing footage for future review.

Upload any image

Detection accuracy showed high reliability, with the system successfully identifying
critical events such as near-collisions, lane changes, and traffic signs. Additionally, false

positives were minimized, and the system operated smoothly under varying road conditions

49



and lighting scenarios.

Upload any image
No file chosen

This would be ideal for a project focused on video analysis, event detection, or driver
assistance using a dash cam. If you'd like to add any specific features, or if the project has a

particular focus (e.g., accident detection, driver behavior monitoring), let me know and I can
adjust the summary

CONCLUSION

Our solution to pothole detection based on YOLOV5 achieved a satisfactory detection
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accuracy with map values higher than 93% at a detection rate of 2ms per image on average.
Experimental results of our proposed solution have shown improvements in both detection
accuracy and detection speed compared to previous works. The improvements mainly come
from both YOLOV5 model architecture improvements and extensive data augmentations.
There can be improvements in scenarios of improper detection in which potholes are
detected on sidewalks or undetected. With improved detection accuracy and speed, pothole
detection can be deployed for safer autonomous driving, as well as efficient road

maintenance.

The application of deep learning techniques for automatic road damage detection

presents a transformative approach to road maintenance and infrastructure management. By

leveraging advanced image processing and machine learning models, this system
significantly enhances the efficiency, accuracy, and scalability of road inspections. The key
advantages include faster detection, reduced human error, cost savings, and the ability to

cover large and diverse road networks without requiring extensive manual intervention.

A comparative analysis of two deep learning-based Object Detection Algorithms was
done where CNN and YOLOvV8 were tested and the table below explains the results.
leveraging advanced image processing and machine learning models, this system
significantly enhances the efficiency, accuracy, and scalability of road inspections. The key
advantages include faster detection, reduced human error, cost savings, and the ability to

cover large and diverse road networks without requiring extensive manual intervention.

A comparative analysis of two deep learning-based Object Detection Algorithms was
done where CNN and YOLOV8 were tested and the table below explains the results Despite
variations in environmental factors like lighting and road conditions, the system performed
consistently, with minimal false positives and reliable detection accuracy. This project
highlights the potential of using modern computing systems alongside dash cam technology

to improve driving safety, assist in insurance claims, and contribute to overall vehicle
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CNN Model

module to train and test the
model and generated a
confusion matrix  to
determine  potholes. It
requires much training data
for high accuracy and is
heavily computationally

intensive.

ALGORITHM USED DESCRIPTION ACCURACY
The previously tested | CNNs' accuracy varies
system wused a CNN | depending on  model

complexity, training data
size and quality, and
CNN
promises an accuracy of
55% to 98% on real time

testing technique.

data.

YOLO v8

The most effective object
detection
YOLOV8 (2023 Guide).

Viso Suite is the only all-

algorithm s

in-one computer vision

platform  that  allows
building, deploying and
scaling all applications 10x
faster. YOLO works in a
single stage to detect
objects by dividing the
image into N grids, each

SxS in size.

YOLO
achieved state of-the-art

models have

performance on object
detection benchmarks,
with an average accuracy
of 50% to 96%

significantly faster and

at a

lower computational cost.

TAB 7.5: COMPARISION BETWEEN CNN AND YOLO

In summary, Activity Diagrams are a critical component of both system development and

business process management. They provide a high-level visual representation of

workflows, actions,

and decisions within a system,

facilitating understanding,

communication, and process optimization. Whether used to model software behavior,

business operations, or system interactions, Activity Diagrams serve as an essential tool for

stakeholders to align, collaborate, and innovate effectively. Their adaptability, simplicity,
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and ease of communication make them indispensable in the world of system design, software
development, and organizational management. As organizations continue to seek more
efficient ways of managing complex systems, the role of Activity Diagrams will remain vital,
guiding teams toward improved processes, better decision-making, and ultimately, enhanced

performance and success.

Outside of software development, Activity Diagrams are invaluable tools in business
process modeling and management. Organizations across various industries use these
diagrams to streamline their workflows, improve productivity, and reduce operational
inefficiencies. Whether in supply chain management, customer service, or human resources,
Activity Diagrams are used to visualize the processes that govern daily operations, identify

inefficiencies, and optimize performance.

For instance, in a customer service process, an Activity Diagram could map out the flow
from when a customer makes an inquiry to when the issue is resolved. By representing the
various steps in the process, including decision points such as "lIs the customer’s issue
resolved?" or "Escalate to a manager?", businesses can pinpoint potential delays or areas
where customer service representatives might be overwhelmed. With this visual aid,

businesses can improve processes, enhance customer satisfaction, and increase efficiency.

Similarly, in healthcare systems, Activity Diagrams help optimize patient care processes. By
mapping out the steps from patient admission to discharge, healthcare providers can
streamline operations and ensure that no critical step is overlooked. The clarity of these
diagrams makes it easier for administrators to allocate resources efficiently, reduce patient

wait times, and enhance the overall quality of care.

While Activity Diagrams excel at representing processes and workflows, they also work
well in conjunction with other UML diagrams, like use case diagrams, sequence diagrams,
and state diagrams. Use case diagrams outline the system’s functionality from the user’s
perspective, while sequence diagrams show how system components interact in a time-
ordered sequence. Activity Diagrams, on the other hand, illustrate how these interactions
occur in terms of specific actions and processes. By integrating these diagrams, system
architects can create a comprehensive view of the system’s behavior, encompassing both

high-level user interactions and low-level operational details.

Activity Diagrams also complement state diagrams, which focus on system states and
transitions between those states. While state diagrams describe how a system reacts to
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external events, Activity Diagrams provide a broader perspective, showing the sequence of
activities that occur as a result of those events. Together, they offer a complete picture of the

system’s functionality and behavior.

Despite their advantages, Activity Diagrams are not without their challenges. For one,
complex systems with a high number of activities, decision points, and concurrent actions
can result in diagrams that become large, difficult to read, and overly intricate. In such cases,
careful planning and organization are necessary to ensure clarity. Overcomplicating an

Activity Diagram can defeat its purpose of simplifying the visualization of a process.

Additionally, while Activity Diagrams can represent workflows and decisions at a high level,
they do not offer a detailed, step-by-step account of every individual action. This means that
for systems with very complex interactions or where precise execution details are needed,
other UML diagrams like sequence diagrams or communication diagrams may be

required for a more in-depth analysis.
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APPENDIX

Appendix-1: Gather Components

Before beginning the project, ensure you have all necessary components:

1.
2
3
4.
5

6.

Dash Camera

. GPS Module
. GSM Module

12V Power Supply

. Arduino Board

Smartphone/Device

Appendix-2: Circuit Design

~ w e

Appendix-3: Setup

Camera: Connect to Arduino
GPS: Connect via Serial pins (TX/RX).
GSM: Connect to Serial for SMS notifications.

Power: Use a 12V battery, regulated to 5V for Arduino.

Install Arduino IDE.
Use libraries for camera, GPS (TinyGPS++), GSM (SoftwareSerial).
Pre-train a deep learning model for road damage detection (use a powerful

server, not the Arduino).

Appendix-4: Capture images using the camera. Process images with deep learning (done

outside Arduino).

Appendix-4: Verify image quality, GPS data, motion sensors, and SMS alerts.

Appendix-5: Mount Arduino, camera, GPS, and motion sensors in vehicle then connect to 12V

battery for power.

Appendix-6: Test road damage detection, optimize alert system on the mobile app.

Appendix-7: Regularly check system performance.
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