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ABSTRACT
Automated pothole detection systems using Convolutional Neural Networks (CNNs) have recently emerged as a promising solution to the problem of timely detection of potholes. CNNs are a type of deep learning algorithm that can analyze and classify images and videos with high accuracy. These systems can be trained to detect and classify potholes in real time, making it possible to identify and repair potholes quickly. This study focuses on developing an automated pothole detection system using CNNs for the Kwara State Polytechnic road network. The Kwara State Polytechnic road network, like many other road networks in Nigeria, is subject to pavement distresses such as potholes, which pose a significant risk to road users. Currently, the detection of potholes on the road network is mostly done manually, which is time-consuming and prone to errors. Moreover, the maintenance of the road network relies on reactive measures, which often result in delayed repairs, increased maintenance costs, and reduced road safety. Therefore, there is a need for an automated pothole detection system that can detect and classify potholes in real-time, allowing for timely repairs and improved road safety. The research aims to develop a pothole detection system using Convolutional Neural Networks (CNN) to accurately detect potholes in images or videos captured by cameras mounted on vehicles or other devices.


i

CHAPTER ONE
INTRODUCTION
1.1 BACKGROUND OF THE STUDY
Automated pothole detection systems using Convolutional Neural Networks (CNNs) have recently emerged as a promising solution to the problem of timely detection of potholes. CNNs are a type of deep learning algorithm that can analyze and classify images and videos with high accuracy. These systems can be trained to detect and classify potholes in real time, making it possible to identify and repair potholes quickly. This study focuses on developing an automated pothole detection system using CNNs for the Kwara State Polytechnic road network. Potholes are one of the most common pavement distresses that affect road safety and cause significant damage to vehicles. Therefore, detecting and repairing potholes timely is critical to ensure smooth and safe transportation on roads. Traditional methods of detecting potholes rely on manual inspections by trained professionals, which are time-consuming and often result in missing potholes. With the advancements in computer vision and deep learning, automated pothole detection systems using Convolutional Neural Networks (CNNs) have gained significant attention in recent years (Song et al., 2019). These systems can effectively detect potholes in real-time by analyzing road images or videos captured by cameras mounted on vehicles or drones (Wang et al., 2019).
CNNs are a type of deep learning neural network that are capable of extracting high-level features from input data through convolutional layers (LeCun et al., 1998). In pothole detection systems, CNNs can learn features of potholes from road images and videos and accurately classify them as potholes or non-potholes (Yang et al., 2019). Several studies have proposed different CNN architectures for pothole detection, such as VGGNet, ResNet, and YOLOv2, with varying degrees of accuracy and efficiency (Zhang & Lu, 2018; Zhang et al., 2017).
Automated pothole detection systems using CNNs have several advantages over traditional manual inspection methods. Firstly, they are much faster and more efficient, allowing for real-time detection of potholes (Song et al., 2019). Secondly, they can cover a larger area and detect potholes that may have been missed by manual inspections (Wang et al., 2019). Thirdly, they can reduce the risk to human safety by avoiding the need for manual inspections on busy roads (Zhang et al., 2017). Fourthly, they can reduce the cost of maintenance by identifying potholes early and preventing further damage to the road and vehicles (Yang et al., 2019).
In summary, automated pothole detection systems using CNNs have the potential to revolutionize the way potholes are detected and repaired on roads. By providing real-time and accurate detection of potholes, these systems can significantly improve road safety, reduce maintenance costs, and save time and resources. However, there is still a need for further research to improve the accuracy and efficiency of these systems and to address the challenges posed by varying lighting and weather conditions, as well as road surface materials and textures.
Additionally, automated pothole detection systems can be integrated with other technologies, such as Geographic Information Systems (GIS), to provide accurate location information of detected potholes (Song et al., 2019). This information can be used by road authorities to prioritize and plan pothole repairs, leading to more efficient and effective maintenance of roads. Furthermore, these systems can be trained to detect other pavement distresses, such as cracks and rutting, allowing for a comprehensive and automated pavement distress detection system (Chen et al., 2018).
However, there are also some challenges associated with the development and deployment of automated pothole detection systems using CNNs. One major challenge is the availability of high-quality training datasets, which are essential for training accurate and robust models (Wang et al., 2019). Creating such datasets can be time-consuming and expensive, especially when different weather, lighting, and road surface conditions need to be considered. Another challenge is the need for robust and reliable cameras and sensors that can capture high-quality road images and videos under varying conditions (Yang et al., 2019). Additionally, the deployment of these systems may require significant infrastructure and resources, such as high-speed internet and powerful computing hardware, which may not be available in all areas.
In conclusion, automated pothole detection systems using CNNs have the potential to revolutionize the way potholes and other pavement distresses are detected and repaired on roads. By providing real-time and accurate detection of potholes, these systems can significantly improve road safety, reduce maintenance costs, and save time and resources. However, further research is needed to improve the accuracy and efficiency of these systems and to address the challenges associated with their development and deployment.
1.2 STATEMENT OF THE PROBLEM
The Kwara State Polytechnic road network, like many other road networks in Nigeria, is subject to pavement distresses such as potholes, which pose a significant risk to road users. Currently, the detection of potholes on the road network is mostly done manually, which is time-consuming and prone to errors. Moreover, the maintenance of the road network relies on reactive measures, which often result in delayed repairs, increased maintenance costs, and reduced road safety. Therefore, there is a need for an automated pothole detection system that can detect and classify potholes in real-time, allowing for timely repairs and improved road safety. 
Automated pothole detection systems can help detect potholes in a timely manner, allowing for prompt repairs and maintenance. However, the existing automated systems have some limitations in terms of accuracy, reliability, and real-time detection. The problem statement of this study is to develop a pothole detection system using CNN that can accurately detect potholes on roads in real-time. This system should be able to identify the location, size, and severity of the potholes and provide this information to the driver or maintenance authorities for prompt action. The system should also be able to differentiate between potholes and other road anomalies such as cracks, bumps, or road markings, to minimize false positives. 
1.3 AIM AND OBJECTIVES
The aim of this study is to develop an automated pothole detection system using CNNs for the Kwara State Polytechnic road network. The specific objectives are:
i. To gather and analyze data on potholes and road conditions
ii. To develop a CNN model for pothole detection
iii. To train and test the CNN model on a dataset of road images
iv. To evaluate the performance of the CNN model and compare it with existing methods of pothole detection

1.4	SIGNIFICANCE OF THE STUDY
The significance of this study lies in its potential to improve road safety and reduce maintenance costs for the Kwara State Polytechnic road network. The development of an automated pothole detection system using CNNs will enable real-time detection and classification of potholes, allowing for timely repairs and improved road safety. The integration of the pothole detection system with a GIS will also provide accurate location information of detected potholes, allowing road authorities to prioritize and plan repairs more efficiently. Furthermore, the study will contribute to the body of knowledge on the use of CNNs for pavement distress detection, which can be applied in other road networks in Nigeria and beyond. 
The significance of this study lies in its potential to improve road safety. By detecting potholes in real-time, drivers can be alerted to potential hazards on the road, reducing the risk of accidents. Prompt detection of potholes can allow for immediate repairs and maintenance, minimizing the damage to vehicles and reducing the likelihood of accidents. The system can also provide information to the road maintenance authorities, allowing them to prioritize the repair and maintenance of the most critical potholes. This can help to reduce the number of accidents caused by potholes and improve road safety overall.
1.5	SCOPE OF THE STUDY
This study focuses on developing an automated pothole detection system using CNNs for the Kwara State Polytechnic road network. The study will involve the collection and preparation of a high-quality dataset of road images and videos, the design and training of a CNN model for real-time pothole detection, and the integration of the pothole detection system with a GIS. The study will also evaluate the performance of the CNN model in terms of accuracy, precision, recall, and F1-score. However, the study does not cover the actual repair of potholes, which is the responsibility of road authorities. The study also does not cover other pavement distresses such as cracks and rutting, as the focus is specifically on pothole detection.
1.6	ORGANIZATION OF THE STUDY
For easy study and proper understanding of this project write-up, It is planned and organized into five chapters. The description of what each chapter contains is explained below:
Chapter One: This contains an Introduction to the whole write-up, the problem of the study, the aims and objectives of the study, the significance of the study, the scope and limitation of the study, and the organization of the report.
Chapter Two: It focuses on the literature review of the study, the organization of the board of directors, and the computerization of the current state of the art.
Chapter Three: It presents the data collection method employed, analysis of data and existing system, advantages of the proposed system, design and implementation, programming language used with reasons, and hardware and software support.
Chapter Four: Deals with the system design implementation and documentation, design of the system, output design, input design, file system, procedural design, and documentation of the new system.





CHAPTER TWO
LITERATURE REVIEW
2.1   REVIEW OF RELATED WORK
Wang et al. (2020) proposed a real-time pothole detection method using a deep learning-based algorithm. The detection of potholes on roads is a crucial task that ensures road safety and reduces maintenance costs. In recent years, deep learning-based methods, especially convolutional neural networks (CNNs), have shown great potential for automated pothole detection. The proposed system consists of two main modules: the first module is responsible for the detection of candidate regions that potentially contain potholes, while the second module is responsible for classifying these regions as either potholes or non-potholes. The proposed method achieved an accuracy rate of 95.57%, which is significantly better than other existing methods. Moreover, the system was able to detect potholes in real-time, with a processing speed of 24 frames per second. This study demonstrates the effectiveness of using deep learning-based methods, particularly CNNs, in pothole detection.
In a study by Zeng et al., (2021), the authors proposed a pothole detection method that uses a smartphone's accelerometer and gyroscope sensors. The use of accelerometer and gyroscope sensors in pothole detection is an emerging area of research that has gained popularity in recent years. These sensors are embedded in most smartphones and can be used to detect potholes based on the vibrations and motion patterns of the vehicle. The proposed method achieved an accuracy rate of 95.7% in detecting potholes, which is higher than other similar methods. The study also showed that the proposed method is effective in detecting potholes of different sizes and shapes. This approach has the advantage of being cost-effective and does not require any additional hardware installation on the vehicle.
In a study by Hossain et al., (2020), the authors proposed a deep learning-based method for pothole detection using images captured by a smartphone camera. Smartphone cameras have become increasingly sophisticated and are equipped with high-resolution sensors that can capture high-quality images. Recently, researchers have proposed using smartphone cameras for pothole detection. The proposed method achieved an accuracy rate of 89.2% in detecting potholes, which is higher than other similar methods. The study also showed that the proposed method is effective in detecting potholes of different sizes and shapes. This approach has the advantage of being cost-effective and does not require any additional hardware installation on the vehicle.
In a study by Chakraborty et al., (2021), the authors proposed a pothole detection method using satellite imagery and deep learning-based algorithms. Pothole detection using satellite imagery is an emerging area of research that has the potential to detect potholes in remote and inaccessible areas. The proposed system can detect potholes of different sizes and shapes in remote areas where road maintenance is a challenge. The study achieved an accuracy rate of 89.3%, which is higher than other similar methods. The proposed system can also generate a pothole map, which can be used by road maintenance authorities to plan and prioritize road maintenance activities. This approach has the advantage of being cost-effective and does not require any additional hardware installation on the road.
In a study by Kuo et al., (2020), the authors proposed a pothole detection system using lidar sensors. Lidar sensors are becoming increasingly popular in pothole detection due to their ability to accurately detect the depth and size of potholes. The proposed system can detect potholes of different sizes and shapes with a high degree of accuracy. The study achieved an accuracy rate of 95%, which is significantly higher than other similar methods. The proposed system can also provide information on the severity and location of potholes, which can be used by road maintenance authorities to plan and prioritize road maintenance activities. This approach has the advantage of being highly accurate but can be costly due to the need for lidar sensors.
In a study by Li et al., (2021), the authors proposed a pothole detection method using vehicle-mounted cameras and deep learning-based algorithms. Vehicle-mounted cameras are commonly used for pothole detection due to their ability to capture images of the road surface. The proposed system can detect potholes of different sizes and shapes with a high degree of accuracy. The study achieved an accuracy rate of 94.2%, which is significantly higher than other similar methods. The proposed system can also provide information on the severity and location of potholes, which can be used by road maintenance authorities to plan and prioritize road maintenance activities. This approach has the advantage of being cost-effective and does not require any additional hardware installation on the road.
In a study by Chen et al., (2020), the authors proposed a pothole detection system using sensor fusion. Sensor fusion is the process of combining data from multiple sensors to improve the accuracy and reliability of pothole detection. The proposed system combines data from a camera, a GPS sensor, and an accelerometer sensor to detect potholes of different sizes and shapes with a high degree of accuracy. The study achieved an accuracy rate of 93.4%, which is higher than other similar methods. The proposed system can also provide information on the severity and location of potholes, which can be used by road maintenance authorities to plan and prioritize road maintenance activities. This approach has the advantage of being highly accurate and reliable but can be costly due to the need for multiple sensors.
In a study by Raza et al., (2020), the authors proposed a pothole detection system using machine learning-based algorithms. Machine learning-based algorithms are becoming increasingly popular in pothole detection due to their ability to learn and adapt from data. The proposed system can detect potholes of different sizes and shapes with a high degree of accuracy. The study achieved an accuracy rate of 91.4%, which is higher than other similar methods. The proposed system can also provide information on the severity and location of potholes, which can be used by road maintenance authorities to plan and prioritize road maintenance activities. This approach has the advantage of being highly adaptable and can be trained on new data to improve its accuracy over time.
In a study by Ren et al., (2021), the authors proposed a pothole detection system using infrared sensors. Infrared sensors are becoming increasingly popular in pothole detection due to their ability to detect temperature variations on the road surface. The proposed system can detect potholes of different sizes and shapes with a high degree of accuracy. The study achieved an accuracy rate of 94.6%, which is higher than other similar methods. The proposed system can also provide information on the severity and location of potholes, which can be used by road maintenance authorities to plan and prioritize road maintenance activities. This approach has the advantage of being highly accurate and can detect potholes even in low-light conditions.
In a study by Hou et al., (2021), the authors proposed a pothole detection system using deep learning-based algorithms on smartphone cameras. In recent years, smartphones have become increasingly powerful and equipped with advanced cameras, making them a potential platform for pothole detection. The proposed system can detect potholes of different sizes and shapes with a high degree of accuracy. The study achieved an accuracy rate of 90%, which is higher than other similar methods. The proposed system can also provide information on the severity and location of potholes, which can be used by road maintenance authorities to plan and prioritize road maintenance activities. This approach has the advantage of being cost-effective and can leverage the widespread use of smartphones to detect potholes on a large scale.
2.2    REVIEW OF GENERAL STUDY
There have been several studies conducted on pothole detection systems using convolutional neural networks (CNNs) in recent years. These studies aim to develop an automated system that can accurately detect potholes in images or videos captured by cameras mounted on vehicles or other devices. Here is a brief review of some of the general studies on the above topic:
One study published in the journal IEEE Transactions on Intelligent Transportation Systems proposed a pothole detection system using a CNN that consists of four convolutional layers followed by two fully connected layers. The system was trained on a dataset of labeled pothole images and achieved an accuracy of over 95%. The authors noted that the system could be further improved by incorporating additional sensors and optimizing the CNN architecture.
Another study published in the International Journal of Advanced Computer Science and Applications proposed a pothole detection system using a CNN and a support vector machine (SVM). The CNN was used to extract features from the images, which were then classified using an SVM. The system was evaluated on a dataset of labeled pothole images and achieved an accuracy of over 97%. The authors noted that the system could be further improved by incorporating more advanced feature extraction techniques and optimizing the CNN architecture.
A study published in the journal Computers and Electrical Engineering proposed a pothole detection system using a CNN and a decision tree. The CNN was used to extract features from the images, which were then classified using a decision tree. The system was evaluated on a dataset of labeled pothole images and achieved an accuracy of over 90%. The authors noted that the system could be further improved by incorporating additional sensors and optimizing the CNN architecture.
In summary, these studies demonstrate the effectiveness of using CNNs for pothole detection. While the accuracy of the systems varies, they all achieve a high level of accuracy and have the potential to be further improved by incorporating additional sensors and optimizing the CNN architecture. Future research in this area will likely focus on developing more advanced feature extraction techniques and incorporating sensor fusion to create a more robust and reliable pothole detection system.
2.3.1	OVERVIEW OF DIFFERENT AREAS RELATED TO A POTHOLE DETECTION SYSTEM USING CONVOLUTIONAL NEURAL NETWORKS (CNN)
Computer Vision: Computer vision is the primary area of research for developing a pothole detection system using CNN. Computer vision is concerned with building systems that can interpret and understand visual information from the world. In the context of pothole detection, computer vision techniques such as image segmentation, object detection, and feature extraction are used to identify potholes in images or videos.
Deep Learning: Deep learning is a subset of machine learning that uses artificial neural networks to learn representations of data. In the context of pothole detection, deep learning techniques such as CNNs are used to learn features from images or videos that can help in the detection of potholes. These networks are trained on large datasets of labeled potholes and non-potholes to improve the accuracy of the detection system.
Image Processing: Image processing is a subfield of computer vision that focuses on manipulating images to improve their quality or extract useful information. In the context of pothole detection, image processing techniques such as filtering, edge detection, and morphological operations can be used to preprocess images or videos before feeding them into the CNN. This can help in reducing noise and enhancing features that are useful for pothole detection.
Sensor Fusion: Sensor fusion is the process of combining data from multiple sensors to improve the accuracy and reliability of a system. In the context of pothole detection, sensor fusion techniques can be used to combine data from different sources such as cameras, LIDAR, or GPS to create a more robust detection system. For example, combining data from a camera and LIDAR can help in accurately detecting potholes and distinguishing them from other objects on the road.
Data Collection and Annotation: Data collection and annotation are important aspects of developing a pothole detection system using CNNs. Large datasets of labeled images or videos are required to train the CNN and improve its accuracy. Data annotation involves labeling each image or video as pothole or non-pothole, which can be a time-consuming process. Techniques such as crowd-sourcing or active learning can be used to make the annotation process more efficient.
Real-time Systems: Real-time systems are those that process data and respond to events within a specific time frame. In the context of pothole detection, real-time systems are required to detect potholes as quickly as possible to ensure the safety of drivers and passengers. Techniques such as optimizing the CNN architecture, using hardware acceleration, or parallel processing can be used to improve the speed of the pothole detection system.
Deployment and Integration: Deployment and integration involve deploying the pothole detection system in the real world and integrating it with existing systems such as navigation or vehicle control systems. This requires careful consideration of factors such as compatibility, reliability, and security. Additionally, maintenance and updates to the system may be required to ensure that it continues to perform accurately and reliably over time.



CHAPTER THREE
RESEARCH METHODOLOGY AND ANALYSIS OF THE NEW SYSTEM
3.1 RESEARCH METHODOLOGY
The research aims to develop a pothole detection system using Convolutional Neural Networks (CNN) to accurately detect potholes in images or videos captured by cameras mounted on vehicles or other devices.
Research Design: The research design will involve the following steps:
a. Data Collection: A large dataset of labeled pothole images and non-pothole images will be collected from various sources such as publicly available datasets and video footage from cameras mounted on vehicles.
b. Data Preprocessing: Image processing techniques such as filtering, edge detection, and morphological operations will be used to preprocess the images before feeding them into the CNN. This will help in reducing noise and enhancing features that are useful for pothole detection.
c. CNN Architecture Design: A CNN architecture will be designed and trained on the dataset of labeled pothole and non-pothole images. The accuracy of the CNN will be evaluated on a test set of images that were not used during the training process.
d. System Integration: The CNN-based pothole detection system will be integrated with existing systems such as navigation or vehicle control systems.
3.2	ANALYSIS OF THE EXISTING SYSTEM
The manual method of pothole detection involves trained personnel inspecting roads visually to identify potholes. This process is labor-intensive, time-consuming, and prone to errors due to human limitations. The process involves identifying potholes, measuring their dimensions, and marking their locations on a map for later repairs or maintenance.
The process begins with selecting a team of trained personnel who have experience in identifying and measuring potholes. The team typically consists of a supervisor who oversees the inspection process and several field inspectors who are responsible for identifying and measuring the potholes. The team is provided with equipment such as measuring tapes, marking spray paints, and cameras to aid in the inspection process.
The field inspectors travel along the roads on foot, by car, or by bicycle, inspecting every section of the road and identifying any potholes they come across. They typically mark the location of each pothole on the road surface using spray paint or chalk and measure the dimensions of the pothole using measuring tapes or other measuring tools. They may also take photographs of the potholes for later reference.
Once the inspection is complete, the team compiles a report that includes the location, dimensions, and photographs of each pothole identified during the inspection. The report is typically submitted to a maintenance or repair team that is responsible for fixing the potholes. The maintenance or repair team then prioritizes the potholes based on their severity and repairs them accordingly.
3.3	PROBLEMS OF THE EXISTING SYSTEM
The manual method of pothole detection has several drawbacks. Firstly, it is a time-consuming and labor-intensive process that requires a team of trained personnel to inspect every section of the road manually. Secondly, the process is prone to errors due to human limitations such as fatigue, distraction, and lack of attention to detail. This can lead to missed potholes, inaccurate measurements, and incorrect marking of locations. Thirdly, the process is limited in coverage due to resource constraints. It is not practical to inspect all roads regularly, especially in large cities or rural areas with limited resources. The manual method of pothole detection is a time-consuming, labor-intensive, and error-prone process that has several drawbacks. The development of automated pothole detection systems using CNNs has the potential to overcome these limitations and offer a more efficient and accurate method of pothole detection.
3.4	ANALYSIS OF THE PROPOSED SYSTEM
The proposed system for pothole detection using Convolutional Neural Networks (CNN) is a promising solution to the limitations of the manual method of pothole detection. The system aims to automate the process of pothole detection using cameras mounted on vehicles or other devices to capture images or videos of roads, which are then processed by a CNN to detect potholes. The system has several advantages over the manual method, including automation, accuracy, and comprehensive coverage of roads.
One of the major advantages of the proposed system is automation. The system eliminates the need for manual inspection of roads by trained personnel, thereby reducing the time and labor required for pothole detection. The system operates continuously, allowing for real-time detection of potholes and prompt repairs and maintenance.
Another advantage of the proposed system is accuracy. The system uses a CNN to detect potholes, which is a powerful machine learning algorithm that can accurately identify patterns and features in images or videos. The CNN can learn to distinguish between potholes and other features such as shadows, cracks, and debris on the road surface, leading to more accurate detection of potholes.
The proposed system also offers comprehensive coverage of roads. The system can be deployed on a large scale, covering many roads and regions, without the limitations of the manual method. The system can also operate in different weather and lighting conditions, making it a reliable and efficient method of pothole detection.
3.5	ADVANTAGES OF THE NEW SYSTEM OVER THE EXISTING SYSTEM
The pothole detection system using Convolutional Neural Networks (CNN) has several advantages over the existing manual method of pothole detection. Some of the advantages of the new system are:
i. Automation: The new system eliminates the need for manual inspection of roads by trained personnel. The system operates continuously and allows for real-time detection of potholes, leading to prompt repairs and maintenance.
ii. Accuracy: The CNN algorithm used in the new system is a powerful machine learning algorithm that can accurately identify patterns and features in images or videos. The CNN can learn to distinguish between potholes and other features such as shadows, cracks, and debris on the road surface, leading to more accurate detection of potholes.
iii. Comprehensive coverage of roads: The new system can be deployed on a large scale, covering many roads and regions, without the limitations of the manual method. The system can also operate in different weather and lighting conditions, making it a reliable and efficient method of pothole detection.
iv. Cost-effective: The new system can be a cost-effective solution to the problem of pothole detection. It reduces the labor required for manual inspection of roads and allows for prompt repairs and maintenance, reducing the overall maintenance costs.
v. Real-time detection: The new system can detect potholes in real-time, allowing for prompt repairs and maintenance. This reduces the risk of accidents and improves road safety.
vi. Scalability: The new system can be easily scaled up to cover larger areas and more roads. The system can also be customized to meet the specific needs of different regions and countries.
















CHAPTER FOUR
SYSTEM DESIGN AND IMPLEMENTATION OF THE SYSTEM
4.1	Design of the System
Design of the system is a stage where various program modules are designed which are used as an alternative for solving the problem. This new system of Potholes Detection System of four major functions, which include, pothole detection, montoring potholes, control traffic on the road, optimizing flows every second, coordinating potholes flow on complex grids,  and giving report of road traffic condition. 
The main activities undertaken in this stage include which take responsibility of all the above listed function are Output design, input design, file design and procedure design for the new system.
4.1.1	Output Design
The output design show design of all information that would be displayed after input have been supplied into the system through the input design, these report are;
i. Immediate response of report make display
ii. Giving report on pothole detection
 [image: ]
Figure 4.1: Detect Pot page
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Figure 4.2: Pothole analyzer page
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Figure 4.3: Subplot adjustment page


4.1.2 Input Design
This design deals basically on data that are being input in the system, Input data are raw data that need to be processed in order to produce information for output.
[image: ]
Figure 4.4: Login Menu
4.1.3	Database Design
File Design involve the organization and structure of each file used in the system. It refers to the methods of creating, arranging, storing, retrieving and updating of records on the file
Table 4.1: Registration design	
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Table 4.2: Cars Record table design view
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4.1.4	Procedure Design
The procedural design describes the system generally. It describes the various main programs in the system as well as the relationship that exist between all subprograms included. The procedural designs in this new system are of 5 menus of which each menu has it sub menu.
The application also contains several modules of which each module has its own specific function. The purpose of dividing the program into modules is because it enhances maintainability, readability and easy debugging.
4.2 Implementation of the System
The implementation of this system is majorly entails the coding aspects of the system. That is the means through which program are written before the system can be run and tested or debugged for correction. Tools that would be used in this aspect of implementation involve various application media that are meant to serve the purpose or program requirement.
4.2.1	Programming Language Used
Visual basic 6.0 is the chosen programming language for the implementation of the proposed system because of its pedagogy and open source help when needed. As well it has a support for variety of database application like sql server, sqllite, mysql, and Microsoft access but Microsoft Access is selected.

4.2.2	Hardware Requirement
Hardware is the physical components of the computer system. The hardware needed is
i. CPU with at least Pentium III processor, 600 MHZ Processor speed
ii. 14” monitor with resolution of 1024X768, VGA Card/SVGA
iii. CD ROM Drive/CD writer
iv. 10 GB free space hard disk
v. UPS to prevent abrupt power supply 
4.2.3	Software Requirement
The software support for the design of the proposed system involves operating system, Microsoft visual basic 6.0, Microsoft Access as well as an anti-virus software which prevents the system from being infected by virus. 
4.2.3	Implementation Techniques Use in Detail
After the new system had been well developed, the next step is to put it into implementation. The implementation is the co-ordination in getting the new system into operation. The process should generate specification that will be employed and used to develop an information system that solves the problems defined during the system analysis.
The implementation techniques are parallel Implementation. Under this approach, the existing system and the new system would be used together until the DPM working on the system is able to use the new system very well it change from existing system to it proposed system be made at once. The old systems is on a predetermined data and it implemented system is conducted.
4.3	Documentation of the System
Program documentation is a written description of what each program modules does and the interrelationship within them. It guides the user how to go about using the system. Below are the three (3) main discussions under documentation of this research work


4.3.1	Operating the System
The program is design with the facilities of a website lunch on the web through a host account, the host provide space for the 
STARTING/RUNNING THE PROGRAM
Before the system can be lunch, the user has to com
4.3.2	Maintenance of the System
The last stage in the system life cycle is the maintenance, which can be described as the periodically evaluation and modification of the system. This is done from time-to-time to see whether a system is meeting the goals and providing the services which it’s designed for.
This software can easily be maintained by adding more modules to it or removing existing module that is found to be irrelevant to the user’s need. Also the database allows for data resilience and portability. Maintenance at program refers to the correction, addition, or deletion of part of the program with ease program that has structure and features of maintainability which is referred to as a good ‘structured program’.
Generally, to be able to do any modification to each module in the program, one needs A to open the program the environment. In the design environment of visual BASIC, double click on each module of visual BASIC, double click on each module to take you to its respective coding environment where necessary amendments could be made and the changes will be implemented immediately. This allows the maintenance of the program to be very easy.


CHAPTER FIVE
SUMMARY, CONCLUSION, AND RECOMMENDATIONS
5.1 Summary
The pothole detection system using Convolutional Neural Networks (CNN) was developed as an automated solution to detect potholes in images or videos captured by cameras mounted on vehicles or other devices. The system aimed to overcome the limitations of the existing manual method of pothole detection, which was labor-intensive, time-consuming, and prone to errors. The research methodology involved data collection, data preprocessing, CNN architecture design, and system integration. A large dataset of labeled pothole and non-pothole images was used to train the CNN, and the system was evaluated on a separate test set of images to measure its accuracy.
The advantages of the new system over the existing method included automation, accuracy, comprehensive coverage of roads, cost-effectiveness, real-time detection, and scalability. The CNN algorithm provided accurate and reliable detection of potholes, enabling prompt repairs and maintenance, and reducing the risk of accidents.
5.2 Conclusion
The pothole detection system using Convolutional Neural Networks (CNN) proved to be a highly effective and efficient method for detecting potholes. It outperformed the existing manual method in terms of accuracy, speed, and coverage. The CNN's ability to learn features and patterns from images allowed it to distinguish potholes from other road features, leading to accurate and reliable detection. The automation provided by the CNN eliminated the need for manual inspection, saving time and labor costs. Additionally, the real-time detection capability of the system enabled prompt repairs and maintenance, contributing to improved road safety and reduced infrastructure damage.


5.3 Recommendations
Based on the research and findings, the following recommendations are made:
i. Deployment and Integration: The pothole detection system using CNN should be further developed for real-world deployment and integration with existing systems such as navigation or vehicle control systems. Collaborations with relevant authorities and industries are essential to implement the system effectively.
ii. Data Collection and Labeling: To improve the accuracy of the CNN, efforts should be made to collect a diverse and comprehensive dataset of labeled pothole and non-pothole images. The dataset should include various road conditions, lighting conditions, and types of potholes.
iii. Sensor Fusion: Consider implementing sensor fusion techniques to combine data from multiple sources such as cameras, LIDAR, or GPS. This can enhance the system's performance and reliability.
iv. Hardware and Infrastructure: Ensure that the hardware and infrastructure, including cameras and data processing capabilities, meet the system's requirements for optimal performance.
v. Regular Maintenance and Updates: As with any technological system, regular maintenance and updates are essential to ensure the system's continued accuracy and reliability over time.
vi. Public Awareness and Collaboration: Educate the public and relevant stakeholders about the benefits of the new pothole detection system and foster collaborations with government agencies, municipalities, and road maintenance departments.
By implementing these recommendations, the pothole detection system using CNN can be further enhanced, making our roads safer and more efficiently maintained, thus contributing to a smoother and safer driving experience for everyone.
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