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ABSTRACT

This project leverages machine learning and image processing to identify and repair potholes, with the goal of
enhancing road safety and minimizing maintenance expenses. The system is trained on a dataset of pothole images
and, once deployed, it can detect potholes in real-time through a webcam. Upon identifying a pothole, the system
guides a vehicle to fill it with appropriate material. This process can be conducted periodically to ensure timely
repairs and maintain road quality. An ultrasonic sensor attached to the vehicle measures the pothole depth, and
the filling process is fine-tuned using a trial-and-error approach. The vehicle’s movement is controlled by DC
motors, while servo motors regulate the discharge of the filling material. Another ultrasonic sensor monitors the
material level, and if it falls below a predefined limit, a notification stating 'Insufficient Material' is sent via SMS
to a specified contact number. The GSM module, connected to a Raspberry Pi microcontroller, facilitates this
communication. A dataset of around 300 images with and without potholes, sourced from Kaggle, is used to train
and test a convolutional neural network (CNN) model. Edge detection is applied during preprocessing to identify
the pothole's contour. Image data processing is carried out using the OpenCV library in Python, integrated with
Visual Studio. This system supports safe and efficient road repair, while enhancing productivity and the quality
of road maintenance operations.
Keywords—Raspberry Pi, Machine Learning, Road Maintenance, Ultrasonic Sensors, Convolutional Neural
Network, Pothole Detection, Automated Pothole Filling, Edge Detection, Object Recognition

I. INTRODUCTION

India, the second most populous country in the world, is experiencing rapid economic growth. Roads are the
primary mode of transportation for most of the population. However, many of the country's roads are narrow,
congested, and suffer from poor surface quality, with inadequate maintenance. Driving on Indian roads can be a
challenging and risky experience due to these conditions. Over the past two decades, there has been a significant
increase in the number of vehicles, which has strained the existing road infrastructure. As more people graduate
and find employment, the amount of time spent commuting has risen dramatically. Unfortunately, poor road
conditions, including potholes and speed bumps, are major contributors to traffic accidents. Recent studies
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indicate that 10,780 people lost their lives in car accidents last year due to these issues, highlighting the urgent
need for better road safety measures. The unpredictable appearance of potholes is a leading cause of road
accidents, making driver safety a priority. To address this problem, we propose an integrated system that uses an
accelerometer and a gyroscope to detect potholes, combined with software that processes this data in real-time
and stores it in a cloud-based platform. In today's fast-paced environment, ensuring safe driving is essential not
only for individuals but also for the government, which must provide smooth and reliable transportation. Our
project aims to use machine learning to detect and fill potholes, thereby enhancing road safety and reducing
maintenance costs. By contributing to safer road construction and improving efficiency, this project seeks to
enhance both productivity and the quality of road infrastructure.

II. LITERATURE REVIEW

This review emphasizes the significance of developing automated systems for detecting road surface anomalies

in various real-world environments. Recently, multiple technological innovations have been proposed. One such

advancement is a reflectometry-based real-time pothole detection method, which integrates spatiotemporal

trajectory fusion with vibration signal analysis. In this approach, acceleration data from a sensor mounted on the

steering wheel is captured and processed using edge signal analysis and spatiotemporal information fusion. The

processed data is rapidly transmitted to a sensing server via narrowband Internet of Things (IoT) technology.

Results from this method demonstrated effective real-time pothole detection using a lightweight platform that

leverages repeated vehicle trajectory data. Furthermore, the method is shown to be unaffected by vehicle type,

speed, or engine conditions [1].

Another approach focuses on object detection using the YOLO (You Only Look Once) algorithm, which
accurately classifies objects such as cars, pedestrians, trucks, motorcycles, traffic lights, and potholes. This method
enhances the detection of small objects using a Convolutional Neural Network (CNN) with a max-pooling layer
to maintain high accuracy. Detecting potholes on Indian roads improves the performance of self-driving vehicles,
enabling smoother navigation and avoidance of potholes. Additionally, this study examines the performance of
the Raspberry Pi4 as an embedded platform for executing object detection tasks [2].

A depth-based method for pothole detection has also been proposed, which is both simple and efficient to process.
This method relies on depth calculations obtained from an ultrasonic sensor to identify potholes, with the location
information sent via email. Results show that this technique can be effectively used to detect potholes and assist
in maintaining road quality [3].

In another approach, a priority-based maintenance plan is proposed to help municipal authorities allocate
resources for repairing high-traffic roads. This system employs accelerometers mounted on vehicles to detect and
classify potholes. The pothole locations are then mapped and displayed on a public Android application, which
provides real-time data on pothole severity and location [4].

A pothole avoidance system has also been developed using an edge platform capable of automatically navigating
around potholes. This system utilizes a Deep Q-Network (DQN) agent, trained using cross-task unsupervised
transfer learning in the CARLA driving simulator. The model is quantized to an 8-bit integer to speed up
execution on the edge platform. The system was built on the Xilinx ZCU104 evaluation board, designed to
accommodate vehicle deployment constraints such as power consumption. Tests conducted in both simulated and
real-world environments confirmed the effectiveness of the system in avoiding potholes [5].

Finally, a study examines the performance of cutting-edge neural networks, including YOLO and Faster R-CNN
with VGG16 and ResNet-18 architectures, for fast and precise pothole detection. A modified YOLOv2
architecture was proposed to address the class imbalance between "pothole" and "normal road" classes. The
improved YOLOV2 outperformed other models in terms of precision, recall, intersection over union (IoU), and
frames per second (FPS). With the fewest parameters (35 million), the model achieved the highest FPS (28),
precision (0.87), and recall (0.89), making it a suitable solution for real-time pothole detection in self-driving
vehicles using geotagged images or video streams [6].

Library Progress International | Vol.44 No.2 | July-December 2024 1047



Naeema Nazar, Rahul K. R., Abini M. A., Ranjeesh R. Chandran, Saju A., Jasmine David

III. PROPOSED METHODOLOGY
A. Dataset Creation

To train the model effectively, a custom dataset was developed. This dataset consists of approximately 300
images, featuring both pothole and non-pothole examples. The images cover a wide range of potholes, including
both waterlogged and dry ones, with various shapes and sizes. These images were sourced from the Kaggle
platform, a repository known for high-resolution data collections. Figure 1 illustrates some of the pothole images
included in the dataset. To annotate these images, an open-source tool named "RectLabel" was utilized, which is
compatible with TensorFlow for efficient image labeling and model integration.

Fig.1 Sample potholes from the dataset

B. System Workflow

The proposed system comprises several components, including a webcam, DC motors, servo motors, an ultrasonic
sensor, a GSM module, a Raspberry Pi microprocessor, and a Convolutional Neural Network (CNN) architecture
for object detection. The system is trained using a custom dataset of around 300 images—both with and without
potholes—sourced from the Kaggle platform. Edge detection is employed to extract the contours of potholes from
the dataset. During operation, the webcam captures images of the road surface and feeds them into the Raspberry
Pi, as illustrated in Figure 2. The CNN architecture processes these images in real-time to detect potholes, while
DC motors automatically guide the vehicle to the detected pothole. The Raspberry Pi sends signals to the L2983D
motor driver, which controls the speed and direction of the DC motors, enabling the device to move accurately
and locate the potholes efficiently.

Generic DC motors are responsible for providing mechanical power for the vehicle's movement, which is
controlled by the microcontroller. The system's wheels are powered by these motors, while servo motors operate
a valve that dispenses the material to fill the potholes. An ultrasonic sensor, mounted at the front of the vehicle,
measures the depth of each pothole, allowing the vehicle to adjust the filling process through trial and error. The
system also monitors the filling material levels with the help of an ultrasonic sensor. If the material falls below a
set threshold, an SMS with the message "Insufficient Material" is sent to a predefined number via the GSM
module, which is connected to a SIM card. Once the pothole is filled, the surface is leveled using a roller to ensure
a smooth finish.
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Pothole detection and filling demand careful attention to various parameters to ensure the repair is efficient, durable,
and safe for drivers. Achieving these requirements involves using several components, including a Raspberry Pi 4,
a webcam, an HC-SR04 ultrasonic sensor, and a SIM800L GSM module, among others. As depicted in Figure 4,
the mechanical structure of the proposed system consists of a complex and interconnected set of components that
work together to rapidly and effectively repair potholes. The Raspberry Pi 4 serves as a powerful yet cost-efficient
platform capable of handling image processing, machine learning, and connectivity, all necessary for building a
robust pothole detection and repair system. To detect potholes, the data is preprocessed using edge detection
techniques to extract the contours of the potholes, ensuring the system can accurately identify and fill them.

Ultrasonic Sensor
12V Battery

Raspberry Pi

Tray (Filling Material)
PiCam

o)

GSM Module

Ultrasonic Module

Fig 3. Mechanical structure of the system

Based on features such as color or texture, these algorithms categorize each pixel in the image into specific regions
or classes. Machine learning techniques are employed to classify every pixel as either part of a pothole or not. A
dataset consisting of labeled images of potholes and non-potholes is utilized to train these algorithms. When the
machine learning model identifies a region as containing a pothole, the rover is directed to that location. An
ultrasonic sensor is positioned at the front of the vehicle to measure the depth of the pothole. The vehicle fills the

pothole appropriately through a trial-and-error process. To accomplish the repair, the rover dispenses filler
material into the pothole.

The ultrasonic sensor calculates the distance from the top of the material in a container by being installed at a
fixed height above it, measuring the time it takes for sound waves to bounce back from the material's surface.
Before using the sensor for monitoring, a threshold value for the material level is established. The material level
is assessed and compared to this threshold based on the distance readings from the sensor. If the material level
drops below a specified threshold, the GSM module sends an alert to the user indicating that a refill is needed.
After repairing the current pothole, the rover will move on to the next one and repeat the process. If the vehicle
runs out of filler material before addressing all potholes, it will send an SMS notification to the operator via the
GSM module to alert them for a refill. Figure 4 illustrates the flowchart of the system.
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Fig 4. Flowchart of the system
IV. RESULTS AND DISCUSSIONS

In the course of this work, the desired outcomes were successfully achieved, resulting in a functional prototype.
Throughout the training phase, accuracy and loss metrics were closely monitored and displayed on the
TensorBoard interface. The x-axis represents the number of training iterations or epochs, while the y-axis
indicates the relevant metric of interest (accuracy or loss). These metrics are calculated on a validation dataset
during each iteration or epoch as the model undergoes training, with the corresponding values plotted on the
graph. Figure 5 presents the plot of epochs versus accuracy, and Figure 6 illustrates the plot of epochs versus
loss.
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Figure 7 displays the outcomes of pothole detection utilizing a CNN. The image is annotated with bounding
boxes that encircle the identified potholes. Each box includes a confidence score, which reflects the probability
that it contains a pothole. A higher confidence score signifies that the algorithm is more certain that the box
encompasses a pothole.
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Fig. 7 Pothole detection result
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The output of the system displayed in the Android applicationis shown in Fig 8 . This shows that when the
distance between the ultrasonic sensor and the filling material is greater than a threshold set, GSM Module is
triggered and sends an SMS to the specifiedphone number in the program.

V. CONCLUSION AND FUTURE WORKS

Implementing machine learning for automated pothole detection and filling offers numerous benefits for road
maintenance operations. Compared to manual inspections, machine learning algorithms can swiftly and
accurately identify potholes, conserving both time and resources. Additionally, this automation reduces the
reliance on human labor, thereby decreasing overall maintenance costs. Machine learning can also aid in
prioritizing pothole repairs based on their size and severity, leading to more efficient allocation of resources.
By continuously monitoring the filling material levels, the system ensures that potholes are consistently filled
to the appropriate extent, enhancing road safety and overall conditions. In summary, utilizing machine learning
for pothole detection and filling can significantly enhance the efficiency and effectiveness of road maintenance
efforts. There are several potential avenues for future research in the field of automatic pothole detection and
filling using machine learning. One avenue could involve enhancing the accuracy and reliability of pothole
detection algorithms. This might include utilizing a broader array of data sources, such as aerial imagery or
LiDAR data, or developing more advanced machine learning models. Another area worth exploring is the
integration of additional sensors, such as thermal cameras or radar, to enhance the system's capabilities.
Research into new pothole-filling materials or methods could also be beneficial, potentially improving the
durability and effectiveness of repairs. Finally, further investigation into the integration of automatic pothole
detection and filling systems with other road maintenance technologies, such as automated crack sealing or
resurfacing, could create a more holistic and efficient maintenance process.
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