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ABSTRACT: The AutoScanX is a cutting-edge, autonomous robot designed to inspect and maintain water canals, vital
for agriculture, irrigation, and urban water supply. By leveraging IoT sensors, Alpowered image analysis, and
autonomous navigation, it accurately detects damage, obstacles, and structural issues in real-time. Equipped with
advanced sensors and cameras, AutoScanX identifies cracks, leaks, and erosion, transmitting data to a cloud-based
platform for remote monitoring and predictive maintenance. This innovative solution reduces human risk, maintenance
costs, and ensures efficient water flow and long-term structural safety, supporting smart water management and
sustainable infrastructure maintenance.

Water canals are vital infrastructure for irrigation, agriculture, and urban water distribution. However, they often suffer
from cracks, leakages, and structural damage, reducing efficiency and increasing maintenance costs. Traditional
inspection methods are manual, time-consuming, and sometimes unsafe. To address this, we propose AutoScanX, an
intelligent autonomous robot that uses IoT, Al, and autonomous navigation to perform real-time canal inspection and
damage detection. Equipped with advanced sensors and a high-resolution camera, AutoScanX identifies cracks, leaks,
and sediment buildup, transmitting data to a cloud-based dashboard for real-time monitoring and predictive
maintenance. By automating the inspection process, AutoScanX reduces human effort, improves safety, and enhances
accuracy, contributing to sustainable water resource management. This scalable and cost-effective solution is adaptable
to various types of canals and pipelines, promoting smart infrastructure maintenance and efficient canal monitoring.
AutoScanX represents a significant step towards Smart Water Management Systems in the era of digital automation.

KEYWORDS: Autonomous Robot , Canal Inspection , Damage Detection Obstacle Detection , Artificial Intelligence
(AI) , Image Processing , Internet of Things (IoT) , Real-Time Monitoring , Smart Irrigation, Sensor Technology ,
Robotics System , Data Analysis, Water Management , Remote Monitoring.

I. INTRODUCTION

Water is a precious resource, and efficient management is crucial for agriculture, industry, and human life. Canals,
which supply water to agricultural fields and urban areas, are prone to cracks, leakages, and blockages, leading to water
loss and high maintenance costs. Traditional manual inspections are time-consuming, labor-intensive, and often unsafe.

To address this, the AutoScanX project proposes an intelligent autonomous robotic system that uses IoT sensors,
LiDAR, and Al-based image processing to inspect canals and detect problems in realtime. The robot operates
autonomously, transmitting data to a cloud-based dashboard for remote monitoring and predictive maintenance. By
leveraging Al IoT, and robotics, AutoScanX aims to enhance accuracy, reduce human risk, and support sustainable water
resource management, ultimately contributing to Smart Infrastructure Development.

This innovative solution seeks to transform canal inspection and maintenance, ensuring efficient water distribution and
reduced costs.
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II. LITERATURE SURVEY
Sr.

No. |Title 'Year |Authors Summary
This research introduces an autonomous
underwater robot for real-time inspection of
IAutonomous Underwater J. Chen, L. Wang,submerged pipelines and canals. It uses|
1 Robot  for  Pipelinef2022  [etal ultrasonic sensors and vision-based algorithms to|
Inspection detect leaks and corrosion. The integration of]

SLAM ensures navigation in complex|
environments. The study demonstrates the
effectiveness of  combining ultrasonic

sensing and computer vision for
structural damage detection.

lToT-Based Water Canal

This paper presents an IoT-based solution for
monitoring canal conditions such as water level

(CNN)

INeural Networks

et al.

2 [Monitoring 2023 |P. Singh,  Aand flow rate. Data from sensors is transmitted to|
System Sharma, et al. a cloud server via GSM for real-time
visualization and analysis. The system enhances
efficiency and helps predict potentia damage in

water canals through continuous monitoring
Vision-Based Focuses on CNN-based image processing for|
Crack Detection automatic crack detection in concrete structures.
3 Using Convolutional[2024  |R. Patel, K. Joshi,[The model classifies cracks based on severity

using drone or camera images. Achieved high
detection accuracy under variable lighting
conditions, supporting the Al modul in

lAutoScanX for damage detection.

Requirement Analysis :
In the initial phase, the specific functional and non-functional requirements of the system are identified. This includes
defining the inspection parameters such as canal depth, width, and surface conditions. Required hardware components
(microcontroller, sensors, cameras, motors, and communication modules) and software tools (Python, OpenCV,
TensorFlow, ROS, and cloud services) are selected based on cost, accuracy, and performance criteria.

System De

sign :

III. METHODOLOGY

Mechanical layout of the waterproof robotic chassis.Sensor placement for optimal field of detection. Control circuits
for motors and power management.Cloud database and dashboard design for remote data visualization. Block
diagrams and circuit layouts are prepared to visualize the flow of information between sensors, controllers, and
cloud components.
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V.EXPERIMENTAL RESULTS

The AutoScanX system was tested in a controlled canal-like environment to evaluate its performance and accuracy. The
robot successfully navigated through the canal path with stable and smooth movement. The ultrasonic sensors
effectively detected obstacles such as stones and debris within a specific range, while the camera module captured clear
images and videos of the canal surface. The Al analysis module demonstrated high accuracy in identifying cracks,
leakages, and structural damage, with an approximate accuracy of 85-95%. Real-time data transmission to the
dashboard was achieved without significant delay, and alerts were generated correctly for detected issues. The system
maintained reliable performance under different conditions, ensuring continuous data collection and processing.
Overall, the experimental results confirm that the AutoScanX system is efficient, accurate, and suitable for real-time

canal inspection and monitoring, while significantly reducing human effort and risk.
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VI. CONCLUSION

The AutoScanX system integrates the core technologies of Artificial Intelligence, Internet of Things, and Robotics
to transform traditional canal inspection into a smart, automated, and data-centric process.

It ensures real-time detection, predictive maintenance, and accurate fault classification, thereby improving overall
reliability and safety of irrigation infrastructure. By reducing human dependency, enhancing operational efficiency,
and minimizing risk, the system directly supports the goals of Digital India and Smart

Infrastructure Development. Furthermore, the integration of cloud connectivity and Al-driven analytics promotes
timely decision-making and proactive maintenance, sctting a benchmark for sustainable and intelligent water
management solutions in developing regions.
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