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Abstract: The well-maintained highways are essential to the nation's economy because roads serve as the primary means of transport. 

Locating the potholes is crucial for avoiding accidents and vehicle damage caused by driver distress, as well as minimizing the 

consumption of fuel. This paper offers a straightforward method for identifying potholes in that regard and preventing collisions and 

supporting drivers. Deep learning technology is used to detect potholes. Raspberry Pi is used as the controlling device. Using Wi-Fi, the 

device locates potholes geographically and sends that information to the appropriate authorities for repair. The first action in solving this 

problem is to design a device that can detect potholes on the road surface continually, warning the driver so drivers can avoid them. The 

device utilizes the Global Positioning System (GPS) to find the pothole's position. This database is transferred to the cloud by connecting 

the system to Wi-Fi or 4G technology. The experiments are carried out with a picture database with potholes in different road conditions, 

different lighting conditions, and real-time video recorded by a speeding vehicle. The You Only Look Once (YOLO) architecture 

produces a very fast inference time. 
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1. Introduction 

The biggest concerns in the roadway transport industry 

include that the roads are congested, of low condition, and 

underfunded. However, the number of vehicles that the 

road can handle is constrained and the density of vehicles 

on the route is rising. Potholes are created as the outcome 

of severe rainfall and intense traffic on poorly designed 

roadways. Not only does hitting a pothole harm a car's 

shocks and suspension [1], but it can also make the driver 

lose control of the vehicle. Along with the bad road 

conditions that frequently result in significant vehicle 

accident casualties, potholes can also cause truck accidents 

and motorcycle accidents [2]. The proposed system is 

using the Faster Region-based Convolution Neural 

Network (F- RCNN), Transfer Learning and Inception-V2. 

Numerous pothole detection models combine the 

accelerometer with machine learning methods (without 

using a dataset), but fewer pothole detection models exist 

that employ simply these methods.  

The findings of this proposed work to demonstrate that the 

suggested model performs better than other pothole-

detecting methods that are currently in use [3]. Examining 

the results of pothole detection using multiple real-time 

deep learning algorithms, including YOLOv4-

CSPDarknet53, YOLOv3-Darknet53, and SSD-

TensorFlow,  High precision of 85%, mean Average 

Precision of 85.39%, and high recall of 81%, were 

observed using YOLOv4 (mAP). At an image resolution of 

832*832, the YOLOv4 processing speed is measured at 20 

frames per second (FPS). Additionally, the potholes are 

found at hundred-meter distances [4]. The results showed 

better performance in real-time when compared to other 

cutting-edge techniques [5], [6]. 

The experiment uses real-time video recorded through a 

moving car, a collection of images with potholes in various 

road conditions, and lighting fluctuations. On the picture 

collection, YOLOv5, YOLOv4, and Tiny-YOLOv4 exhibit 

the greatest mean Average Precision (mAP) of 85.48%, 

95%, and 80.04%, demonstrating the effectiveness of the 

suggested technique for identifying potholes and 

implemented for instantaneous detection on OAK-D. 

Having a 90% recognition rate and 31.76 FPS, the research 

highlighted Tiny-YOLOv4 as the best system for true 

pothole recognition [7]-[9]. The purpose of their research 

is to assess the capacity and practicality of infrared 

imaging for pothole prediction. After gathering an 

appropriate volume of data, containing pothole photos in 

different lighting, weather and applying enhancement Deep 

learning has been accomplished using convolutional neural 

networks, which use techniques on the data and is a novel 

method for solving this issue that makes use of thermal 

imaging. Additionally, a comparison has been made 

between a self-built convolutional neural network and 
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several pre-trained models. The outcomes demonstrated 

the best residual network model, based on pre-trained 

convolutional neural networks, was able to properly 

identify photos with an accuracy of 97.08% [10]. As it is 

simpler to create and produces more reliable results, deep 

learning detection using the YOLOv3 method is 

recommended in contrast to research on machine learning-

based detection, image processing or accelerometer 

detection [11]. 

After pothole Real-time camera detection will cause 

employing the API of Google Maps, the position will be 

captured and shown [12]. To put the pothole detection 

training model into action, 330 different sets of data were 

gathered. The model produced 0.41 recall rates, 0.9% 

accuracy rate, and 65.05 mAP as results. Using GPU with 

better-specified performances and the ability to sample 

1000–10,000 datasets, the YOLOv3 method detection limit 

may be improved even more [13]. The potholes with a 

sufficient level of precision using effective deep learning 

Convolution Neural Networks (CNNs) are developed [14]. 

This research suggests a modified VGG16 (MVGG16) 

network to lower the computational cost and enhance 

training outcomes. Various dilation rates and certain 

convolution layers [15]. The proposed system concentrates 

on the pothole identification problem using image-

processing methods and information obtained from a 

vehicle-mounted ultrasonic sensor. Later actions were 

carried out via the Bluetooth interface found in cell phones 

[16]. To locate holes and potholes in the road, an IoT-

based Road Monitoring System (RMS) is suggested. The 

ultrasonic sensor's scattering signal has a significant impact 

on the pathway that the pothole affects [17]. 

To monitor the fluctuation in the signal, an accelerometer 

has been added to the ultrasonic sensor and adjusted using 

the Honey Bee Optimization (HBO) method. The IoT-

RMS uses cloud-based location data to automatically 

update the status of the road. Each car on the road can 

access the server's information and calculate its speed 

based on the road's humps and potholes [18]. A simple 

method for Smartphone-based pothole detection, using 

Transfer Learning is used for categorization. The 

experimental finding supports the suggested strategy gives, 

efficiency in terms of performance and implementation 

[19]. The secret to keeping an eye on road conditions is to 

look for irregularities like humps, potholes, and different 

levels of roughness. These irregularities have a significant 

impact on both passenger comfort and traffic safety. 

2. Methods & Materials 

This paper proposes a pothole-detecting method that is 

both affordable and energy-efficient. To create a perfect 

road surface, find potholes, and forecast their size, the 

development of a sophisticated piezoelectric detector in an 

unorganized ecosystem is based on an imagination 

method. Additionally, the local server GPS locates the 

potholes' location. Three different pothole detection 

techniques exist, including the use of a 3-axis camera 

sensor, acceleration sensor and laser sensor. Each of these 

has advantages and disadvantages. The foundation of our 

suggested solution is an image processing technique 

utilizing the camera sensor. Identifying potholes based on 

their characteristics. The potholes have a rounded form, 

and rough texture, and black area is its distinguishing 

feature.  

 

Fig 1. Graph of Accidents due to Potholes 

When measuring the height and depth of humps and 

potholes, ultrasonic sensors are utilized to locate the 

obstacles. An IoT-based prototype is provided and the 

block diagram for proposed system is shown in figure 2. A 

device that can be incorporated with the car to identify 

potholes and humps can give maintenance authorities 

immediate information so that the appropriate action can 

be performed to ensure driver safety. This initiative aims 

to identify potholes using deep learning technology and a 

camera. The system uses GPS to send the location of these 

potholes to authorities, allowing them to take action on 

road maintenance and assist drivers in avoiding accidents. 

The alert is delivered via GPS and SMS to the driver. 

 

Fig 2: Block Diagram of Proposed Method 
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Fig 3. Flow Diagram of YOLO v5s 

The system monitors the road continuously by using the 

USB camera and compares the images of the road with the 

data set available in the Raspberry Pi by using the YOLO 

algorithm and the flow diagram is shown in figure 3. After 

continuous monitoring of the road, whenever a pothole is 

detected on the road, i.e., the pothole image on the road is 

matched with the dataset. After finding the pothole the 

location of the pothole is sent to the driver using GPS and 

also updated to the cloud/IoT application. For a better 

understanding of pothole information, the image of that 

detected pothole on the road is sent to the driver using 

telegram. So, whenever the driver receives the message or 

image of the pothole in their telegram, the driver can 

reduce the speed of the vehicle. By using this system 

accidents number will decrease and a greater number of 

lives will be saved. 

3. Performance Analysis of Proposed System 

The pothole monitoring technology intends to offer a 

solution for citizens to decrease the frequency of 

accidents. That system's overall layout is based on the 

yolov5s model. The USB camera is mounted on the front 

of the car and is used to continually watch the road. After 

continuous road monitoring, anytime a pothole is 

discovered on the road, the pothole picture on the road is 

compared to the dataset which is already uploaded to the 

Raspberry Pi. With several photos being taken, the object 

identification model must recognize potholes as quickly as 

possible. YOLO v5s (version 5 small) increases operating 

speed to satisfy real-time detection needs. The dataset 

serves as the core engine for this application and database, 

and it is trained using the YOLOv5s model. The collection 

contains around 600 to 800 photos. The photos in the 

collection are all unique and have various characteristics. 

Certain parameters in this dataset are constant, such as 

pothole proximity, road color, and lighting. The system 

needs additional capacity to store the dataset, as a result, 

Raspberry Pi4 with 2GB of RAM is used. It contains a 

micro-SD card slot for data storage and loading the 

operating system. 

 

Fig 4: Performance Analysis of Different Yolo Algorithms 

The proposed system receives the collected pothole picture 

from the USB camera and sends it to the Raspberry Pi4. 

Training and detection are the two stages of YOLO use. 

Teaching includes both giving the YOLO algorithm 

practice photographs and training it to identify the 

assignment. When a new image (one that is not included in 

the sample image) is introduced, detection attempts to 

perform the identification job on the new image. Students 

will be in charge of the training and detection portions of 

this project. The input picture is compared using 

YOLOv5s. 

Table 1. Comparison of FPS values of different 

algorithms 

 

From Table 1, it is observed that the value of FPS of 

YOLO v5s is very high. this indicates that object detection 

is quite accurate. Yolov5's approach detects bounding 

Algorithm 
Frames per second 

value (in number) 

YOLO v3 45 

YOLO v2 67 

YOLO v4 65 

YOLO v5 230 
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boxes using object detection and then uses IPM to acquire 

a top view of the bounding box. In the top view, compute 

the area in pixels and get the estimated areas using the 

known scale. The input image is stored in the cloud and 

sent to the driver through Telegram, a mobile application. 

GPS, which is used to determine a certain position on the 

pothole, is required for this reason. The GPS is used to 

inform the driver of the location of the potholes. The 

system is developed in Python and uses deep learning 

technologies to process the final pothole dataset. 

 

Fig 5. Mean Average Precision Analysis of Different Yolo 

Algorithms 

The YOLO Algorithm is the process used for training and 

evaluating the model. The YOLOv5s algorithm is trained 

using an object-detection training set that has been labeled 

is shown in Fig.5. When the image has been assembled, 

every bounding box is identified with a Labeling tagged 

instrument of interest for every individual photograph. The 

item is captured by the camera for the source image, and 

the montage is processed frame by frame while monitoring 

city traffic, where the item is located. 

Table 2. Comparison of mAP values of Different 

Algorithms 

Algorithm 

Mean 

Average 

Precision 

value (in 

%) 

Fast 

YOLO 
52.7 

YOLO 2 76.8 

SSD 74.3 

YOLO v5 75 

 

Object detection is performed on the picture that was taken 

of the action, expected objects have been shrunk and then 

the frame is sent through the neural net with the more 

efficient Darknet 53 convolution operation to the YOLO 

module.  

 

Fig 6. Performance Analysis of Accuracy for Different 

Yolo Algorithms 

The performance analysis of accuracy for different yolo 

algorithms is shown in figure 6. The input image is 

divided into an SxS grid using this system. Box bounding 

with assurance in all of those grid cells, box scores are 

projected. Each test image is composed of five projections: 

X, Y, W, H, and reliability. 

Table 3. Comparison of the Accuracy metrics for Several 

Algorithms 

Algorithm 
No. of 

Potholes 

Detected 

Potholes 

Accuracy 

(in %) 

SSD 20 8 40 

YOLO v3 20 10 50 

YOLO v2 20 16 80 

YOLO v4 20 18 90 

Tiny 

YOLO v4 
20 17 85 

YOLO v5s 20 19 95 

 

The table compares the performance of different object 

detection algorithms in identifying potholes. Each row 

corresponds to a specific algorithm, detailing the total 

number of potholes in the dataset, the actual number of 

detected potholes, and the resulting accuracy in 

percentage. The algorithms include SSD, YOLO v3, 

YOLO v2, YOLO v4, Tiny YOLO v4, and YOLO v5s. 

Notably, YOLO v5s demonstrates the highest accuracy at 

95%, outperforming the other algorithms in terms of 

pothole detection. The accuracy values provide insights 

into the effectiveness of each algorithm in correctly 

identifying potholes within the given dataset. 
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4. Conclusion 

Based on the YOLO technique, an autonomous pothole 

detection system is designed. The YOLO regression 

algorithm recognizes objects in real time and views the 

entire image at once. The proposed method offers a cost-

effective way to find potholes and warn vehicles to avoid 

potential collisions. An additional benefit of this system is 

the smartphone app Telegram, which sends out timely 

information about potholes. The technology also works at 

night and during the rainy season, when potholes fill with 

muddy water, and alarms are generated using database 

data. Performance metrics are measured when the 

detection is carried out on both photos and videos. The 

GPS can be used to identify and pinpoint the site of 

pavement problems as part of a more advanced solution. 

Using a vision-based approach, the work may be improved 

to extract pothole properties like depth, volume, etc. This 

research work proposes a practical, cost-effective solution 

to the problem of deadly pothole accidents. 
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