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Abstract: This project introduces a novel approach to enhance road safety by implementing a real-time pothole detection system.
The system utilizes a camera module to capture video input, which is then processed using a Python file for Image detection.
Upon detecting a pothole or a speed breaker, the system triggers a buzzer to alert nearby vehicles and pedestrians. This alert
mechanism aims to reduce the risk of accidents and vehicle damage caused by potholes, thereby improving overall road safety.
Additionally, the project can contribute to the efficient maintenance of roads by enabling timely repair of identified potholes. The
system's effectiveness in alerting road users and facilitating prompt repairs underscores its potential to enhance the quality and
safety of transportation infrastructure. Also a concept of RQI (Road Quality Index) will improve the transport and travelling
over the road. And to make a database which contain coordinates where speed breakers and potholes are present and this
database will be real time.
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I. INTRODUCTION

Road safety is an issue of great concern not only nationally or regionally, but also across the globe. Poor road conditions rank as the
top cause of incidents and vehicle damage. Potholes are particularly dangerous to vehicle traffic and pedestrians alike, causing
immense traffic congestion, increased cost of repair, and even loss of lives. Traditional means of maintaining the road rely heavily
on physical inspection and reporting, which is time-consuming and inefficient. There is scope for a very high demand for automated
real-time systems that can detect road anomalies like potholes and speed breakers to enhance road safety, followed by a due and
timely maintenance.

The objective is to make a database that contains the coordinates in which the speed breakers and potholes are present, and this
database would be real-time.

A. Project Overview

This paper introduces a new real-time pothole detection mechanism to enhance road safety and reduce the efficiency of road

maintenance. In this system, the installed camera module keeps taking the input blocks of videos from the surface of the road.

Advanced techniques in Image detection in Python are used to process this video feed and identify or classify both potholes and

speed breakers.

1) Camera Module: The camera module is the key component for data collection. It captures the video of the road surface at high
resolution. Since video input is continuous, this facilitates the monitoring of the roads for the complete duration.

2) Image Detection using Python: The core of this system is an Image detection algorithm implemented using Python, which
processes the video input. The potholes and speed breakers are detected and segmented from the video feed using state-of-the-
art computer vision techniques.

3) Alert Mechanism: The system triggers a buzzer to alert vehicles and pedestrians nearby in case of any pothole or speed breaker.
This immediate audio warning helps avoid accidents and vehicle damage by alerting drivers to take necessary driving
precautions.

4) RQI- Road Quality Index: It's the additional application of the system as the output of the RQI will produce an index
worthiness, indicating road conditions. This index will assist the authorities in decision-making on the prioritization of
maintenance work and efficient way of using resources.
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B. Primary Objectives of the Project

Creating a real time road anomalies detection system which contains a device to detect road anomalies, a database where the
coordinates of the anomalies are stored, a machine learning model to detect anomalies through video feed. And quantifying quality
of a road in numbers so that one can know how damaged the road or how good the road is just by this number.

This real-time detection system for potholes can be applied to drastically improve the quality and safety of the roads. Proactive
deadling with the problem of road anomalies, the system ensures less risk related to bad road conditions and rights the efficient
service and management of the road infrastructure, thereby providing all road users with a considerably smoother and safer ride.

Il. LITERATURE REVIEW

A. Literature Review
This literature survey focuses on the technological advancements in road safety through the integration of Lidar and radar sensors.
The prototype described aims to enhance real-time detection of speed breakers and potholes, providing early warnings to drivers. By
incorporating a two-step confirmation mechanism, where GPS location is logged only upon consecutive detections, the system aims
for accuracy and reduces false positives. The continuous updating of a centralized database contributes to improved signal delivery
times, thereby enhancing overall road safety. Moreover, the device utilizes proximity data to analyze traffic density, offering
valuable insights for efficient traffic management. This comprehensive approach not only addresses immediate safety concerns but
also contributes to the broader goal of optimizing transportation systems.

1) Proposing an innovative early warning system using a smartphone app to alert drivers in advance of approaching speed-
breakers, crucial for safety, especially in low visibility conditions. The system, based on accelerometer data, detects speed-
breakers without requiring costly computations for reorientation, a significant improvement. Evaluated with 678 km of drive
data involving diverse drivers, vehicle types, and smartphones, the results are promising. Further enhancements are anticipated
through aggregating detection reports from multiple smartphones.

2) This study introduces Pothole Patrol (P2), a mobile sensing system leveraging sensor-equipped vehicles to monitor road surface
conditions. Deployed on 7 taxis in Boston, P2 utilizes GPS and vibration sensors, employing a machine-learning approach to
identify potholes and anomalies with high accuracy (misidentification rate < 0.2%). The system, evaluated on extensive taxi
drive data, successfully detects real potholes, with over 90% confirmed as road anomalies requiring repair after clustering to
reduce spurious detections.

3) Highlighting the societal importance of road infrastructure, akin to blood vessels for humans, necessitating continuous
monitoring and timely repairs. The paper introduces a mobile sensing system for road irregularity detection via Android OS
smartphones, emphasizing participatory sensing for comprehensive real-time data. Discussed algorithms achieve a high true
positive rate of 90% with real-world data, determining optimal parameters and offering practical recommendations for
application.

4) Addressing the global challenge of maintaining road quality, especially critical for motorcycle safety, this research employs
mobile phones with tri-axial accelerometers to collect and analyze acceleration data. With data spanning 60 kilometers,
supervised and unsupervised machine learning methods, including SVM, achieve 78.5% precision in detecting road anomalies.
Unsupervised learning constructs a model for smooth roads, ranking road segments based on learned thresholds. Comparison
with human evaluators shows excellent performance in road quality ranking, emphasizing the effectiveness of mobile sensing
for road assessment.

In conclusion studies present innovative approaches to road infrastructure maintenance. The Pothole Patrol (P2) system,
implemented on Boston taxis, combines mobile sensing and machine learning for accurate road anomaly detection. Another study
emphasizes the societal importance of roads, utilizing Android smartphones to achieve a 90% true positive rate in detecting
irregularities. In Taiwan, motorcycle-based acceleration data, coupled with machine learning, addresses poor road surfaces,
achieving a 78.5% precision in ranking road quality. Lastly, a participatory sensing study using Android smartphones underscores
the importance of continuous road monitoring, achieving a 90% true positive rate for real-time data collection and optimal repairs.

11l. METHODOLOGY
A. Requirements
1) Software Requirements
a) CNN architecture for Image detection
b) Python for taking the image/video
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c) Firebase for database of data regarding tilt sensor

d) Firebase for storing the coordinates of the road anomalies

e) Arduino ide for tilt sensor working and pushing the coordinates of road to the database
f) HTML, CSS, Javascript for interface

g) Mapbox API for map integration with interface

h) Google Colab for training the model

i) Google API for fetching coordinates of that location

2) Hardware Requirements
a) Node MCU

b) Tilt Sensor

c) Buzzer

d) ESP32 camera module

B. System Workflow and Data Processing

In addition to the components previously outlined, this project incorporates multiple data sources and processing steps to ensure
accurate and reliable road anomalies detection. The system uses a combination of video input from a camera module and vibration
data from a tilt sensor to enhance the detection accuracy. The results from both data sources are then combined to produce a final
detection outcome. Here’s a detailed explanation of each step:

1) Video Input and Image Detection (Result 1)

Video Capture: The camera module continuously captures video footage of the road surface.

Image Detection Model: The captured video is fed into a pre-trained Image detection model. This model, trained using a platform
like Google Colab, identifies and segments road anomalies such as potholes and speed breakers. The Image detection process
involves detecting objects within each frame of the video and classifying them accordingly.

Output Generation: The model generates a segmented output, highlighting the detected anomalies. This output forms the first result
(Result 1) of the system.

2) Vibration Data from Tilt Sensor (Result 2)

Tilt Sensor Integration: A tilt sensor mounted on the vehicle detects vibrations caused by road anomalies. This sensor measures the
degree of tilt or vibration experienced, providing a quantitative measure of road roughness.

Data Storage and Retrieval: The vibration data is continuously recorded and sent to a cloud database, such as Firebase.

The data stored in Firebase includes timestamped readings of the tilt sensor, indicating the presence and severity of road anomalies.
Python Integration: A Python script retrieves the stored vibration data from Firebase. This script processes the retrieved data to
identify significant vibration events that correlate with potential road anomalies. The processed vibration data forms the second
result (Result 2) of the system.

3) Data Fusion and Final Detection (Final Result)

Data Synchronization: The system synchronizes the video-based Image detection results (Result 1) with the vibration data from the
tilt sensor (Result 2). This synchronization ensures that both data sources are analyzed within the same timeframe.

Logical Operation and Analysis: The system performs a logical AND operation between Result 1 and Result 2. This operation
combines the video-based detections with the vibration-based detections, enhancing the overall accuracy of the system. Only those
road anomalies detected by both the Image detection model and the tilt sensor are considered in the final result. This reduces false
positives and improves reliability.

Final Output: The final result is generated, highlighting the confirmed road anomalies that have been validated by both the video and
vibration data. This final output triggers the alert mechanism (buzzer) to warn nearby vehicles and pedestrians about the detected
anomalies.
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4) Enhancing Accuracy and Reliability

By combining video and vibration data, the system achieves a higher level of accuracy in detecting road anomalies. This multi-
sensor approach ensures that detections are validated through multiple sources, reducing the likelihood of false positives and
negatives. The integration of these two data streams allows for a more comprehensive understanding of road conditions, improving
the system’s effectiveness in real-world scenarios.

a) How is result 1 generated

Video Capture: The ESP32 Camera module takes the video feed and transfer this video feed through it’s Wifi capability to our
laptop and then the image on which the module is sending it’s image is fetched using Python code and sent for Image detection.
Image Detection Model : We have used YOLOv8 for we have took the “yolov8s-seg.pt™ and finetuned it for our problem.

Dataset: We took the dataset of potholes and speed breaker from Roboflow Universe. Each image in the dataset are segmented and
we imported the dataset in format suitable to YOLOV8 using Roboflow API.

Training: The training was done on Google Colab using GPU available on colab and the weights of the model was saved locally.
Detection : The weights of the model was imported on local python file and used for detection.

If the image passed to the model has been segmented and if it shows in the output then this is result 1 and this will get uploaded to
firebase along with the coordinates of that location using Google API for coordinates and it will show 1 in Result 1.

b) How is result 2 generated

Tilt Sensor : The Tilt sensor is caliberated so that it will turn the buzzer on for 1 sec once it gets a shock. This shock will be when
we hit speed breaker or potholes. The code is uploaded on Node MCU using Arduino IDE and the Node MCU and our Laptop is
connected on same Wifi it works like : Once the Tilt sensor hits any road anomaly then the coordinates of that location will be
uploaded to firebase using libraries in Arduino IDE which supports integration of firebase and Arduino.

If the Tilt sensor hits a road anomaly it then the coordinates of that location will be fetched using Google API and uploaded to the
database and it will also show 1 in Result 2.

C. Final Result

There will be AND operation between Result 1 and Result 2 and then the final result will be generated. If the final result is 1 then
there is a road anomaly and if it’s O then it’s not a road anomaly.

ESP32 Camera

Microcontroller
et

ML Model

Speed breakers or
Potholes detected?

Yes
GPS Coordinates '

l Map Interface

Fig.1. System Design
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Integrating this database with the interface
Using Mapbox APl we can mark the coordinates where on the Map. This data from the firebase is fetched and on these coordinates,
there will be a image displayed

With this integration on a large scale one can get information on how many road anomalies are present between Starting location
and Destination.

And on basis of this RQI (Road Quality Index) will be made.

RQI=>(HFi)l6

1. HFi -> Harmfulness factor (It will be rated from 0-5) on basis of the intensity of that factor on that location
If the intensity of that factor is more then it will be rated high near 5. Otherwise low

Number of Factors
Factors represents physical conditions such as:

e Rain

e  Temperature
e Snow

e Storm

e Pothole rate (number of potholes per 1 km)

e  Speed breaker rate (number of speed breakers per 1 km)

The Harmfulness factor are assigned to the depending on how much intensity that factor has at that location.

If the RQI (Road Quality Index) increases, the quality of the road decreases. This is because the RQI is calculated based on the
Harmfulness Factors (HF_i). Higher values of HF _i indicate more severe and harmful conditions, leading to a higher overall RQI.
Therefore, a higher RQI reflects poorer road quality with more significant issues such as potholes, speed breakers, adverse weather
conditions, etc.

IV. RESULTS AND DISCUSSIONS
The project successfully implemented a real-time pothole detection system using machine learning and loT.

A. Real-time Pothole and Speed Breaker Detection

The model was successfully able to develop a real-time detection system for road anomalies by the fusion of machine learning,
computer vision, and IoT. This became feasible only because it had an ESP32 camera module and a tilt sensor that provide robust
data for anomaly detection.

1) Video-based detection (Result 1)

The YOLOV8 Image detection model gave the best results in detecting potholes and speed breakers because it was trained on a
custom dataset containing images of such road anomalies.

The video feed from the ESP32 camera module was processed in real-time, and the segmented output reliably told about the
presence of potholes and speed breakers. This video-based detection mechanism provided a visual confirmation of anomalies, which
were then uploaded to Firebase along with their coordinates.

[
-

Fig.2. Output of Detection model
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Fig.3. Speed breaker detected

2) Vibration-based Detection Result 2

Vibration due to road anomalies was detected with the help of a tilt sensor mounted on the vehicle. This data is continuously
recorded and processed, and all events of large vibration magnitude were logged into the cloud database.

The ability of the tilt sensor in capturing the intensity of vibrations correlated well with the presence of potholes and speed breakers,
thus providing an additional layer of verification.

.
s sssEn seeen -
v Wt an A

~'l

TR

oS

A
%
.‘i‘-

Nt
-

i

Fig. 4. Tilt sensor Hardware
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3) Data Fusion

This leads to an enhanced accuracy of the system through the results from video-based detection combined with those from
vibration data. The logical AND operation ensured that only anomalies detected by both methods were taken into consideration for

18.46108
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Fig.5. Real time database for storing coordinates
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B. Alert Mechanism
The alert mechanism was designed to be adequate by dispensing real-time warnings to drivers and pedestrians. The buzzer is an
instantaneous audio alert triggered by the confirmed detections, which reduces the risk of accidents and vehicle damage.

C. Road Quality Index (RQI)

The RQI added value to the project at an important stage by providing a numerical measure of road conditions. The RQI denoted the
quality of roads, and it would be an effective measure in guiding such decisions on the maintenance of roads and resource
allocation.

Sample RQI Calculation:

Assuming the following Harmfulness Factors (HF _i) for each condition:

Rain (HF_rain): 3

Temperature (HF_temp): 2

Snow (HF_snow): 4

Storm (HF_storm): 3

Pothole rate (HF_pothole): 5

Speed breaker rate (HF_speedbreaker): 2

The RQI calculation is as follows:

RQI = ((3)+(2)+(4)+(3)+(5)+(2))/(6)

RQI = (19)/(6)

RQI = 3.16666

RQI~3.16

This example calculation demonstrates the effectiveness of the RQI in providing a comprehensive overview of road conditions.

D. Database and Interface Integration

This has made the visualization and monitoring of road anomalies efficient by integrating a real-time database with an interactive
map interface powered by the Mapbox API, making it user-friendly and giving a view for monitoring the road conditions available
for use not only by the authorities but also by the general public.

[ 4 |
@

Fig.6. The red locations show either there is pothole orvspeéd breaker

VI. CONCLUSION

The project "Speed Breaker and Potholes Detection Using ML and 10T" has successfully implemented a real-time pothole detection
system that utilizes machine learning and 10T technologies. This was coupled with the successful development of a system for real-
time detection and monitoring of road anomalies, which improved road safety and the efficiency of road maintenance. These have
been the major contributions of the project:

Real-time Detection: The integration of camera and tilt sensor data provided a robust mechanism for detecting potholes and speed
breakers with high accuracy and reliability.

Alert System: In this regard, immediate audio alerts have been useful in controlling risks related to road anomalies for the protection
of drivers and pedestrians.
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RQI thus provided a quantitative measure for road conditions, which allowed the prioritization of maintenance and efficient use of
resources.

Database and Interface: This is the real-time database and the interactive map interface that have supplied convenience of
monitoring, management of road conditions easily, raising the user experience in general.

It showed that machine learning, computer vision, and IoT can be combined with a lot of potential for road safety and infrastructure
management. Further work could include checking scalability of the system, integration with other smart city applications, and
further improvement in detection algorithms for handling diversified environmental scenarios.

No funding was raised for this research project.
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