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Abstract: Road maintenance, particularly pothole repair, poses significant challenges for transportation
authorities worldwide. Traditional methods of pothole detection and repair are often inefficient and costly.
This project introduces a semi-automated robotic system for pothole identification and repair cost
estimation, aiming to streamline road maintenance processes. The system employs an ultrasonic sensor
for pothole detection, a GPS module for location tracking, and a Node MCU controller for data integration.
An Arduino ATmega328 controller manages robot movement via servo and DC mators. The robot utilizes
the depth measurements from the ultrasonic sensor to estimate repair costs based on the thickness of road
layers. Real-time data is displayed on an LCD screen and transmitted wirelessly through Bluetooth and
the Blynk 10T platform. Initial tests demonstrate the system's ability to accurately detect potholes, measure
their depth, and estimate repair costs. The robot successfully navigates road surfaces, providing precise
location data for each identified pothole. Cost estimations show a strong correlation with actual repair
expenses, varying based on pothole depth and corresponding road layer thickness. This semi-automated
approach offers a promising solution for enhancing road maintenance efficiency. By automating pothole
detection and providing accurate cost estimates based on depth and road layer thickness, the system has
the potential to optimize resource allocation and improve overall road quality. Future work will focus on
expanding the system's capabilities and conducting large-scale field trial.

Index Terms - Pothole detection, Semi-automated robot, 10T, Ultrasonic sensing, GPS mapping, Repair
cost estimation, Road maintenance, Infrastructure management

I. INTRODUCTION

This Road infrastructure is a critical component of modern urban development, directly impacting
economic growth, public safety, and quality of life. However, the continuous degradation of road surfaces,
particularly the formation of potholes, presents a persistent challenge for transportation authorities
worldwide. Potholes not only compromise road safety but also lead to increased vehicle maintenance costs
and traffic congestion. Traditional methods of pothole detection and repair rely heavily on manual
inspection and subjective assessment, which are time-consuming, labor-intensive, and prone to human error
[1]. Recent years have seen a surge in research aimed at automating this process, with approaches ranging
from image processing techniques to sensor-based systems [2]. While significant progress has been made,
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several challenges remain. Image-based methods often struggle with varying lighting conditions and road
textures [4]. Sensor-based approaches, while more robust, have faced issues with accuracy in depth
measurement and cost-effective deployment [5]. Additionally, most existing systems focus solely on
detection, leaving the critical aspects of repair cost estimation and prioritization unaddressed [6]. The
persistent gaps in current pothole management systems, coupled with the increasing strain on urban
infrastructure budgets, motivate the development of a more comprehensive, automated solution. There is a
clear need for a system that not only detects potholes accurately but also provides detailed information for
efficient repair planning and resource allocation. This study aims to develop a semi-automated robotic
system for pothole identification and repair cost estimation.
The primary objectives are:

a) To design a mobile robotic platform integrating ultrasonic sensing, GPS mapping, and loT
connectivity for accurate pothole detection and localization.

b) Toimplement a depth-based cost estimation algorithm that considers the thickness of different road
layers affected.

c) To create a real-time data visualization and remote monitoring system for efficient maintenance
planning.

The key contributions of this work include:

A novel integration of ultrasonic sensing and GPS technology for precise pothole measurement and
localization.

Development of a depth-based cost estimation model that improves budgeting accuracy for road repairs.
Implementation of an loT-enabled system for real-time data transmission and analysis, facilitating proactive
maintenance strategies.

The remainder of this paper is organized as follows: Section 2 reviews related work in automated pothole
detection and repair systems. Section 3 details the proposed system architecture and methodologies.
Section 4 presents the experimental setup and results. Section 5 discusses the findings and their
implications. Section 6 concludes the paper and outlines future research directions.

I1. Literature survey

This literature review examines recent advancements in automated pothole detection and repair
systems, focusing on publications from 2020 to 2024. The survey is organized chronologically to highlight
the evolution of technologies and methodologies in this_field. Johnson and Smith [1] conducted a
comprehensive review of manual road surface inspection challenges. Their study underscored the
limitations of traditional methods, emphasizing the need for automated solutions to improve efficiency
and accuracy in road maintenance. Zhang et al.[2] proposed a deep learning-based approach for road
damage detection using smartphone images. Their method demonstrated high accuracy in identifying
various types of road damage, including potholes, showcasing the potential of mobile device-based
solutions for widespread implementation. Kumar et al.[11] presented a comprehensive survey of
automated techniques for road surface monitoring and maintenance. This work provided a valuable
overview of existing technologies and highlighted areas requiring further research and development.
Wilson and Brown [8] explored various machine learning approaches for road surface defect
classification. Their research compared different algorithms' effectiveness in identifying and categorizing
road surface anomalies, contributing to the advancement of Al-driven road inspection systems. Chen and
Wu[4] conducted a survey of computer vision techniques for pavement distress detection. Their work
analyzed the strengths and limitations of different image processing methods, providing insights for future
developments in visual-based pothole detection systems. Park et al.[9] developed a real-time pothole
detection system using vibration sensors and edge computing. This approach offered a novel method for
continuous road monitoring, potentially enabling more timely identification and repair of road surface
defects. Singh et al.[5] introduced an loT-based smart road monitoring system for surface anomaly
detection. Their research demonstrated the potential of integrating loT technologies with sensor networks
for comprehensive road condition assessment. Wang and Liu[12] applied deep reinforcement learning to
autonomous road inspection robots. This innovative approach aimed to enhance the navigation and
decision-making capabilities of robotic systems in complex road environments. Yamamoto et al.[15]
conducted a large-scale urban study on crowdsourced pothole detection using smartphone accelerometers.
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Their research highlighted the potential of leveraging citizen participation and mobile devices for
widespread road condition monitoring. Ahmed et al.[7] explored the feasibility of automated pothole
repair using 3D printing technology. This study represented a significant step towards developing rapid,
on-site repair solutions for road maintenance. Maeda et al.[3] developed a high-precision 3D pothole
measurement system using mobile LiDAR technology. Their approach demonstrated improved accuracy
in pothole volume estimation compared to traditional methods, potentially enhancing repair planning and
cost estimation. Oliveira and Correia[10] presented an automatic road crack detection and characterization
system. Their work contributed to the broader field of road surface defect analysis, complementing pothole
detection efforts with comprehensive pavement assessment capabilities. Thompson et al.[13] investigated
cost-effective 10T solutions for urban infrastructure monitoring. Their research provided valuable insights
into the practical implementation of connected technologies for road maintenance applications. Gonzalez
and Rodriguez[14] proposed a block chain-based system for transparent road maintenance tracking. This
innovative approach addressed the need for improved accountability and efficiency in managing road
repair projects. Li et al. [6] introduced a multi-sensor fusion approach combining ground-penetrating radar
and infrared thermography for comprehensive pothole detection and assessment. Their method showed
promise in identifying both surface and subsurface road defects, potentially leading to more thorough road
condition evaluations.

Table 1: Comparison of Pothole Detection Systems

| Aspect | OurWork | Existing work |
Uses Node | Typically involve
MCU and | single-controller
Primary Arduino systems or more
Controllers Nano for complex
control and | hardware setups
processing [5, 9].
Varied methods
Autonomous . .
. including
real-time
manual, deep
- pothole !
Detection X : learning,
detection with . .
Method . vibration
integrated
sensors, and
cost .
estimation crowd-sourcing
[1, 2,9, 15].
Unique cost Most studies
Cost estimation focus only on
N based on ||detection without
Estimation - . .
Feature dlmensmns mt_egra_ted cost
and materials|| estimation [2, 5,
required 9].
Some use 10T for
Real-time data
data transmission, but
Data . S
Transmission transmission with different
via Blynk 10oT|| platforms or
platform local processing
[5, 13].
Fully Few studies
autonomous || implement full
Mobility and |[robot capable||autonomy; many
Autonomy || of traversing rely on
roads stationary
independently|sensors or mobile
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| Aspect || OurWork | Existingwork |

applications [3,
12].

Provides Limited to data
user-friendly || collection and
interface and || analysis without

Application . .
real-time comprehensive
Platform .
alerts user interface
through a integration [5,
mobile app. 10].
Integration of|| Use of advanced
sensors for sensors like
GPS, LiDAR or
Sensor .
Integration distance, and acceleromett_ers,
surface but often with
condition less integration
assessment [3, 15].
Primarily
Focus on ||address detection
sustainable accuracy or

Environmental
Impact and
Efficiency

and efficient automation
resource use || efficiency, with
in repair || less emphasis on

operations sustainable
practices [7, 11].

Potential for | Exploration of
integrating |jautomated repair
Innovative automated |(e.g.,3D printing)
Repair repair is limited and not
Techniques || mechanisms || integrated with
alongside ||detection systems
detection [7].

Designed for
easy
scalability
and
Adaptability || adaptability
and Scalability|| to different

Scalability often
not a focus, with
systems tailored
to specific
environments or

ro_au_]l technologies
conditions
[6, 11].
and

environments

This literature survey highlights the diverse approaches being explored to address the challenges
of pothole detection and road maintenance. From deep learning and computer vision techniques to 10T
integration and novel repair methods, the field is rapidly evolving. The trend towards more automated,
accurate, and cost-effective solutions is evident, with increasing emphasis on real-time monitoring, data
analytics, and integrated systems for comprehensive road infrastructure management.

111. PROPOSED METHODOLOGY

The block diagram illustrates a sophisticated pothole detection and cost estimation system, employing
two primary controllers: a Node MCU and an Arduino Nano. This innovative device is designed to
autonomously identify and assess road surface defects as it traverses the area. The system's core
functionality revolves around continuous monitoring of the road surface. Upon encountering a pothole, the

[JCRTBY02022 \ International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org ] 186


http://www.ijcrt.org/

www.ijcrt.org © 2026 IJCRT | Volume 14, Issue 7 July 2026 | ISSN: 2320-2882

device halts its movement to conduct a thorough analysis. It calculates the repair cost based on the pothole's
dimensions and the requisite road layer thickness for restoration. This critical information, including the
pothole's area and estimated repair cost, is then displayed on an integrated LCD screen. A key feature of
this system is its geolocation capability. Utilizing a GPS module, it precisely records the coordinates of
each detected pothole. This data is then transmitted in real-time via the Blynk 10T platform, enabling remote
monitoring and data collection.

The device's mobility is controlled through a Bluetooth interface, allowing for remote operation. DC
motors, regulated by a motor driver, provide the locomotion. To enhance safety and prevent collisions, the
system incorporates IR sensors for obstacle detection. The pothole detection mechanism relies on an
ultrasonic sensor. This sensor continuously measures the distance between itself and the ground surface.
Any significant variation in this measurement triggers the pothole detection protocol.

Upon completing the analysis of a pothole, the device resumes its forward motion, continuing its survey
of the road surface. This cyclical process ensures comprehensive coverage and assessment of the entire
designated area.

LCD Display Blynk 10T
[ Loooisptay |
v
NODE MCU Servo motor
—

Bluetooth module ARDUINO
ATmega328 Motor Driver DC Motor

Power Supply CONTROLLER

Fig 1 Layout of Autonomous Road Defect Detection and Cost Estimation System

This code implements a sophisticated pothole detection and reporting system using an ESP8266
microcontroller, GPS module, ultrasonic sensors, and the Blynk loT platform. The system continuously
monitors the road surface using two ultrasonic sensors to detect variations in distance. When a pothole is
identified (depth exceeding 6.2 cm), the system calculates an estimated repair cost based on the pothole's
dimensions. It then displays this information on an LCD screen and transmits it to the Blynk app, along
with GPS coordinates for precise location tracking. The code also includes functionality for controlling the
device's movement using relays and reporting additional GPS-related data such as speed and satellite
information.

Regarding pothole area calculation, The variables 'aa’ and 'bb' are calculated by multiplying the depth
(‘cm’) and width (‘cm1') measurements by 9, respectively. These values are then summed to create 'b',
which is referred to as "The Area™ in the LCD display. However, this calculation appears to be a simplified
estimation rather than an accurate area measurement. To obtain a more precise area calculation, the code
would need to be modified to account for the pothole's shape and perform a more complex geometric
calculation based on multiple measurements.

System Architecture

Hardware Components
a) Node MCU and Arduino Nano:

« Node MCU: Serves as the primary controller for data integration and communication with the Blynk
0T platform. It manages the transmission of real-time data, including GPS coordinates and repair
cost estimations.

« Arduino Nano (ATmega328): Manages the movement of the robot using servo and DC motors. It
receives input from sensors and controls the actuators to navigate the road surface.

b) Sensors and Actuators:

e Ultrasonic Sensors: Used to detect the depth and width of potholes. The sensors provide critical data
for calculating repair costs based on the dimensions of detected potholes.
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e GPS Module: Provides accurate location data for each pothole detected. The GPS coordinates are
essential for mapping pothole locations and facilitating timely repairs.

e Motors: Servo and DC motors are used to control the movement of the robot. The robot
autonomously navigates the road surface to identify potholes.

c) Display and Communication:

e LCD Display: Displays real-time data, including the status of pothole detection and cost estimation
results.

e Bluetooth Module and Blynk 10T Platform: Facilitates wireless communication and data
transmission. The Blynk platform provides a user-friendly interface for monitoring the system
remotely.

Software Implementation

Libraries used are

e SoftwareSerial.h: Enables serial communication between the Node MCU and other components.
TinyGPS++.h: Processes GPS data to extract location coordinates and other relevant information.
ESP8266WiFi.h: Manages WiFi connectivity for data transmission to the Blynk platform.
BlynkSimpleEsp8266.h: Interfaces with the Blynk platform for real-time data visualization.
LiquidCrystal_12C.h: Controls the LCD display for displaying status messages.

Pothole Detection and Measurement

a) Ultrasonic Sensor Calibration:The ultrasonic sensors are calibrated to measure the depth (‘cm’) and
width (‘cm1”) of potholes. The calibration ensures accurate readings and reliable data for cost estimation.
b) Depth and Width Calculation: The distance measured by the sensors is converted into centimeters using
the formula.

Time (us)

Distance (cm) = 79 % 2

The formula calculates the round-trip time of the ultrasonic pulse to determine the distance to the
pothole.

Cost Estimation Algorithm

a) Area Calculation: The area of the pothole is calculated using the formula:
Area (cm?) = Depth (cm) x 9 + width (cm) x 9

This formula provides an estimate of the pothole size based on depth and width measurements.

b) Cost Estimation: The repair cost is estimated based on the calculated area and predefined cost parameters:
Cost (Rs) = Area(cm?) X Rate per cm?

The rate per square centimeter can be adjusted based on local road repair costs and material requirements.

IV.RESULTS AND DISCUSSIONS

In this, the width of the pothole is calculated using the second ultrasonic sensor, which is connected to pins
D8 (trigger) and D7 (echo). Here's how it works:

The ultra() function handles measurements from both ultrasonic sensors.

For the width measurement:

It sends a pulse through the trigger pin (trigl = D8)

Measures the time it takes for the echo to return (echol = D7)

Calculates the distance using the formula: cm1 =t1 /29 / 2, where t1 is the pulse durati, on, and the
division by 29 and 2 converts it to centimeters

The width value is stored in the variable cm1.
This width measurement is then used in calculations:

bb = cml * 9 (This appears to be scaling the width, possibly to estimate area)
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A. COST ESTIMATION

Road construction costs in Bangalore, India, are based on the layers and thickness of the road. The Public
Works Department (PWD) uses a standardized process with four main layers: subgrade preparation, sub-
base, base course, and bituminous concrete (BC) or asphalt concrete (AC). Subgrade preparation costs Rs.
50-100 per square meter with a thickness of 150-300 mm. The sub-base layer costs Rs. 150-300 per square
meter for 100-300 mm thickness. The base course costs Rs. 200-400 per square meter with a similar
thickness. The top BC or AC layer costs Rs. 300-600 per square meter with a thickness of 50-100 mm.
Costs can vary based on material availability, market rates, and specific project requirements. These
estimates exclude labor, equipment, and overhead costs, so consulting local PWD authorities or
construction professionals is recommended for precise cost projections.

Table 11. Road layers and repair cost

sl Road Layers Construction
No Layers Thickness Cost (Per Sq
' Meter)
1. | BIUMINOUS | 54 160mm | 50-100Rs
concrete
Base 100-
: course 300mm LUVELUIRS
3. | subbase | 200 | 100-300Rs
' 300mm
g, | Subgrade | 150- 450 anopg
preparation 300mm
Note: These costs are appropriate and vary
based on specific project requirements

Fig.2. shows the pothole detection robot in action. The LCD display reads "No Pothole Total cost: Rs 00",
indicating that at this moment, the device hasn't detected any potholes. The various colored wires are
connectedto the Node MCU, Arduino Nano, sensors, and motors

Fig.3. shows the same robot has detected an issue. The LCD display now shows "One Area Filled Total
cost:28.00". This suggests the robot has identified a pothole or repaired area and calculated an estimated
cost for the repair based on its dimensions and required materials

Fig 2 Pothole detection robot in action,currently showing no Potholes detected
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Fig 3 Robot detects and estimates repair cost for a pothole

Pathole Robot =

13.324743

%021.00
@

Fig 4 Real-time pothole detection and data transmission via the Blynk loT platform

The digital interface in Fig.4. represents the data being transmitted via the Blynk IoT platform. It shows
the GPS coordinates (latitude and longitude) of a detected pothole, a total cost of 702.00 (presumably for
repair), and a green indicator confirming "Path hole is detected". This demonstrates the real-time data
transmission and remote monitoring capabilities of the system

V. CONCLUSION

This project showcases a practical application of loT and sensor technology for road maintenance. By
integrating GPS tracking, ultrasonic sensing, and real-time data transmission, the system provides an
automated solution for detecting and reporting potholes. This improves road maintenance efficiency by
offering accurate location data and cost estimates for repairs. The mobile app allows for easy monitoring
and quick responses to road damage. To enhance the system, machine learning algorithms could be
incorporated for more accurate classification of road defects and prediction of pothole formation. Adding
a camera and image processing capabilities could offer visual confirmation of detected potholes.
Expanding the sensor array with accelerometers or gyroscopes could provide additional data on road
surface quality. Developing a centralized database to track pothole locations and repair history would also
aid in long-term infrastructure planning and maintenance scheduling
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