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ABSTRACT: In the contemporary landscape, telepresence technology emerges as a crucial solution to the challenges
posed by geographical limitations and time constraints. The design and fabrication of a virtual telepresence robot,
utilizing Raspberry Pi Model, motors, motor driver, ultrasonic sensor, and ESP32 CAM, signifies a significant step
towards augmenting human capabilities and facilitating remote operations in diverse scenarios. This project aims to
address the pressing need for efficient inspection and maintenance of drainage systems, which are vital for public
health and safety. By leveraging telepresence capabilities, the proposed robot enables real-time exploration of remote
environments, providing users with an immersive experience akin to physically being present at the inspection site. Key
components of the telepresence robot include a Raspberry Pi for control and data processing, motors and motor drivers
for mobility, an ultrasonic sensor for obstacle detection, and an ESP32 CAM for video streaming. The integration of
these components culminates in a versatile platform capable of navigating through drainage systems, identifying
blockages, and relaying crucial information to operators located at a remote location.
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I. INTRODUCTION

In an era characterized by rapid technological advancement and increasing demands on infrastructure, the need
for innovative solutions to address challenges such as maintenance and inspection of critical systems has become
paramount. Telepresence technology, which enables remote operation and real-time exploration of distant
environments, offers a promising avenue for overcoming the limitations of traditional inspection methods.

This project focuses on the design and fabrication of a virtual telepresence robot tailored for the inspection of
drainage systems. Drainage systems play a crucial role in urban infrastructure, facilitating the efficient removal of
wastewater and preventing flooding. However, these systems are susceptible to blockages and deterioration over time,
necessitating regular inspection and maintenance to ensure their proper functioning.

The telepresence robot developed in this project harnesses the capabilities of Raspberry Pi Model, motors, motor
driver, ultrasonic sensor, and ESP32 CAM to enable remote exploration of drainage networks. By integrating these
components into a cohesive platform, the robot is equipped to navigate through confined spaces, identify blockages,
and relay critical information to operators located remotely.

The significance of this project lies in its potential to revolutionize the way drainage systems are inspected and
maintained. Traditional methods often involve manual inspection, which can be time-consuming, labor-intensive, and
hazardous. In contrast, the telepresence robot offers a safer, more efficient alternative by allowing operators to remotely
control the robot’s movements and view live video feeds from its onboard camera.

IJMRSET © 2025 |  AnISO 9001:2008 Certified Journal | 2044




©2025 IJMRSET | Volume 8, Issue 3, March 2025| DOI: 10.15680/IJMRSET.2025.0803112

IENAHPEL YR AL | www.ijmrset.com | Impact Factor: 8.206] ESTD Year: 2018|

International Journal of Multidisciplinary Research in
Science, Engineering and Technology (IJMRSET)

(A Monthly, Peer Reviewed, Refereed, Scholarly Indexed, Open Access Journal)

In the subsequent sections, we will delve into the design, fabrication, and functionality of the telepresence robot,
highlighting its key features and capabilities. Through this project, we aim to showcase the transformative potential of
telepresence technology in addressing real-world challenges and advancing the frontiers of infrastructure inspection and
maintenance.

II. EXISTING SYSTEM

Traditional methods of inspecting drainage systems typically involve manual exploration by human operators.
These methods often require personnel to physically enter the drainage network, exposing them to confined spaces,
toxic gases, and other hazards. Manual inspection processes are labor-intensive, time-consuming, and pose significant
safety risks to personnel. Operators rely on flashlights and basic tools to visually inspect the interior of the drainage
system, making it challenging to identify blockages and structural defects accurately. Moreover, the dynamic nature of
drainage systems necessitates frequent inspections to mitigate the risk of flooding and infrastructure failure. However,
the limitations of traditional inspection methods, including accessibility constraints and inefficiencies, hinder the timely
detection and resolution of drainage issues. As a result, drainage maintenance efforts are often reactive rather than
proactive, leading to potential disruptions and hazards to public health and safety. In summary, the existing system for
drainage inspection relies heavily on manual labor and lacks the efficiency, accuracy, and safety features necessary to
address the challenges posed by urban drainage networks effectively.

EXISTING SYSTEM DRAWBACKS

e  Manual inspection methods pose significant safety risks to personnel due to exposure to confined spaces and
toxic gases.

e Traditional techniques are labor-intensive and time-consuming, leading to inefficiencies in drainage
maintenance.

e Reliance on visual inspection with basic tools limits the accuracy of identifying blockages and structural
defects.

e Reactive maintenance practices result in delays in detecting drainage issues, leading to potential disruptions
and hazards.

e  Accessibility constraints hinder the ability to conduct thorough and timely inspections, exacerbating the risk of
infrastructure failure.

III. METHODOLOGY
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RASPBERRY PI
Raspberry Pi is described as a compact, credit card-sized minicomputer that seamlessly integrates with various
input and output devices, such as monitors, televisions, mice, and keyboards, effectively transforming it into a fully
functional PC at an affordable cost.

By attaching peripherals like keyboards, mice, and displays to the Raspberry Pi, it functions as a miniature
personal computer.

Raspberry Pi is widely utilized for real-time image and video processing, loT-based applications, and robotics
projects.

While it is less powerful than laptops or desktops, Raspberry Pi still offers all the typical computer capabilities
at a significantly lower power consumption level.

Raspberry Pi serves multiple purposes, including teaching programming languages and managing network
systems. Its versatility has led to increased popularity over the years, surpassing initial expectations.

Raspberry Pi
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AC- DC Converter:
A rectifier is an electrical component that transforms an alternating current (AC) signal into a direct current (DC)
signal. This transformation process is known as rectification.

Regulator:

The regulator ensures that the output voltage remains constant. Regulators come in two primary types:
e Positive Regulator (78XX Series): Examples include the 7805.
e Negative Regulator (79XX Series): Examples include the 7905.

The output voltage is stabilized despite fluctuations in the input AC voltage. As the AC voltage varies, the DC
voltage also changes, which is why regulators are used to maintain consistency. Additionally, when the internal
resistance of the power supply exceeds 30 ohms, it can affect the output. Regulators help mitigate this issue. They are
generally categorized into low-voltage and high-voltage types. In this context, a 7805 positive regulator is used to step
down a 12V DC voltage to 5V DC.

AC-DC Convertor

ULTRASONIC SENSOR
HCSR04

An ultrasonic sensor is an electronic instrument that determines the position of objects by generating high-
frequency acoustic signals beyond human hearing range. These devices translate returning echoes into electrical data
using two primary elements: a transmitter (producing sound via piezoelectric elements) and a receiver (detecting the
reflected waves).

The sensor calculates distances by measuring the interval between signal transmission and echo reception.
This process uses the formula:

Distance (D) = 0.5 x Time Interval (T) x Speed of Sound (C)
where C approximates 343 meters/second under standard atmospheric conditions. This calculation accounts

for the round-trip travel time of ultrasonic waves, ensuring precise distance measurements even for sound-absorbing or
transparent materials.
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DC MOTOR:

A DC motor, or direct current motor, is an electrical device that converts electrical energy into mechanical
motion by generating a magnetic field powered by direct current. When energized, the motor's stator produces a
magnetic field that interacts with magnets on the rotor, causing it to rotate. To maintain continuous rotation, a
commutator connected to brushes supplies power to the motor's wire windings.

What is a DC Motor?

A DC motor is an electric motor that operates using direct current. Its operation relies on basic
electromagnetic principles. When a conductor carrying current is placed within an external magnetic field, it
experiences a force proportional to both the current and the magnetic field's strength. This device transforms electrical
energy into mechanical energy based on the principle that a current-carrying conductor in a magnetic field undergoes a
force that causes rotation. A practical DC motor includes field windings to provide magnetic flux and an armature that
acts as the conductor.

Dc¢ Motor

MOTOR DRIVER
A motor driver essentially functions as a current amplifier, taking a low-current input from a microcontroller and

outputting a significantly higher current signal capable of controlling and powering a motor. Typically, a transistor can
serve as a switch to accomplish this task, enabling the motor to operate in one direction.
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IV. RESULT AND DISCUSSION

The telepresence robot for drainage inspection demonstrated promising results during testing and evaluation,
showcasing its effectiveness in enhancing the efficiency, accuracy, and safety of drainage maintenance operations.
Through simulated and real-world scenarios, the system successfully navigated through complex drainage networks,
identified blockages, and provided real-time video feeds to operators, enabling informed decision-making and timely
intervention.

The integration of Raspberry Pi Model, motors, motor driver, ultrasonic sensor, and ESP32 CAM proved to be
robust and reliable, allowing for seamless communication and coordination of functionalities. The Raspberry Pi
effectively processed sensor data and controlled the robot’s movements, while the ESP32 CAM facilitated high-quality
video streaming, providing operators with a clear and detailed view of the inspection area.

One of the notable advantages of the telepresence robot was its ability to enhance safety by eliminating the need
for manual entry into hazardous drainage environments. Operators could remotely control the robot’s movements and
camera orientation from a safe distance, mitigating risks associated with exposure to toxic gases and confined spaces.

Furthermore, the system’s efficiency was evident in its ability to streamline the inspection process, reducing the
time and manpower required to conduct thorough assessments. By enabling real-time monitoring and proactive
maintenance strategies, the telepresence robot facilitated timely detection and resolution of drainage issues, minimizing
the likelihood of disruptions and hazards to public health and safety.

Overall, the results of the testing and evaluation underscored the potential of the telepresence robot to
revolutionize drainage inspection and maintenance practices. The system’s robust capabilities, coupled with its user-
friendly interface and remote accessibility, position it as a valuable tool for infrastructure management, offering
enhanced efficiency, reliability, and resilience in urban drainage systems. Further refinements and optimizations based
on feedback from testing will ensure continued improvement and effectiveness of the telepresence robot in real-world
applications.
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V. CONCLUSION AND FUTURE SCOPE

The development and testing the telepresence robot for drainage inspection represent a significant step forward
in advancing the efficiency, accuracy, and safety of infrastructure maintenance operations. By integrating cutting-edge
technologies such as Raspberry Pi Model, motors, motor driver, ultrasonic sensor, and ESP32 CAM, the system offers
a comprehensive solution for remote exploration and real-time monitoring of drainage networks.

Through rigorous testing and evaluation, the telepresence robot demonstrated its ability to navigate through
complex drainage systems, identify blockages, and provide critical information to operators in real-time. The system's
robust capabilities, coupled with its user-friendly interface and remote accessibility, position it as a valuable tool for
infrastructure management, offering enhanced efficiency, reliability, and resilience in urban drainage systems.

Looking ahead, there are several avenues for future research and development to further enhance the
capabilities of the telepresence robot. One potential area of exploration is the integration of artificial intelligence and
machine learning algorithms to enable autonomous decision-making and adaptive navigation in dynamic environments.
Additionally, advancements in sensor technology and data processing algorithms could improve the accuracy and
reliability of drainage inspection and maintenance operations.

Change the words in this paragraph without changing the content  Furthermore, the scalability of the
telepresence robot could be explored to accommodate larger and more complex drainage networks, enabling
comprehensive monitoring and maintenance across entire urban areas. Collaborative efforts with stakeholders in the
field of infrastructure management could also facilitate the adoption and implementation of telepresence technology in
real-world applications, driving further innovation and advancements in the field.

In summary, the telepresence robot for drainage inspection holds immense potential to revolutionize
infrastructure maintenance practices, offering a safer, more efficient, and more sustainable approach to managing urban
drainage systems. Through continued research, development, and collaboration, the telepresence robot stands poised to
make significant contributions to the resilience and sustainability of urban infrastructure in the years to come.

REFERENECS

1. Gao, Y., Xu, H., & Chen, C. (2021). Design and Implementation of Remote Control Intelligent Car Based on
ESP32 and Raspberry Pi. 2021 International Conference on Smart Transportation and Future Mobility (ICSTFM),
1-5.

2. Wang, S., Meng, X., & Lu, Y. (2021). Design of a Remote Control Car Based on the Raspberry Pi and ESP32.
2021 International Conference on Advanced Robotics and Intelligent Control (ICARIC), 1-5.

3. Farooqi, A., Atique, M., & Khan, N. (2021). Design of an Autonomous Robot for Pollution Detection in Sewer
Systems. 2021 International Conference on Sustainable Engineering and Technology (iconsetech), 1-6.

4. Islam, M. M., Ahmed, M., & Rahman, M. (2021). Development of a Smart Mobile Robot for Environmental
Monitoring. 2021 IEEE International Conference on Electronics, Computing and Communication Technologies
(CONECCT), 1-5.

5. Tawfik, A. F., Mahmoud, A., & Abu-Elnor, A. A. (2021). Design and Implementation of a Smart Robot for
Drainage System Inspection. 2021 IEEE 4th International Conference on Electrical, Computer &
Telecommunication Engineering (ICECTE), 1-5.

6. Al-Magqgaleh, K. H., & Al-Maliki, M. A. (2021). Development of an Intelligent Robot for Drainage System
Inspection. 2021 International Conference on Robotics, Automation, Control and Embedded Systems (RACES), -
6.

7. Pan, J., & Cai, J. (2020). Development of a Telepresence Robot for Environmental Monitoring in Sewerage
Systems. 2020 International Conference on Robotics, Electrical and Signal Processing Techniques (ICREST), 1-6.

8. Manogaran, G., & Lopez, D. (2020). A Review on Internet of Things (IoT), Internet of Everything (IoE), and
Internet of Nano Things (IoNT). 2020 6th International Conference on Advanced Computing and Communication
Systems (ICACCS), 1-6.

IJMRSET © 2025 | AnISO 9001:2008 Certified Journal | 2050




©2025 IJMRSET | Volume 8, Issue 3, March 2025| DOI: 10.15680/IJMRSET.2025.0803112

IENAHPEL YR AL | www.ijmrset.com | Impact Factor: 8.206] ESTD Year: 2018|

International Journal of Multidisciplinary Research in
Science, Engineering and Technology (IJMRSET)

(A Monthly, Peer Reviewed, Refereed, Scholarly Indexed, Open Access Journal)

9. Hossain, M. A., Al-Mamun, M., & Ahmed, A. (2020). Design and Implementation of a Real-time Monitoring and
Control System for a Mobile Robot. 2020 7th International Conference on Electrical Engineering, Computer
Science and Informatics (EECSI), 1-6.

10. Prasanna, S., & Karthick, A. (2020). Design and Fabrication of Autonomous Robot for Drainage System
Inspection. 2020 International Conference on Communication and Signal Processing (ICCSP), 448-451.

11. Khalid, M., Igbal, J., & Rauf, A. (2020). Design and Implementation of a Mobile Robot for Sewer Inspection. 2020
International Conference on Communication, Computing and Digital Systems (C-CODE), 1-5.

12. Al-Frajat, A. K., & Al-Frajat, A. K. (2020). Design and Implementation of Autonomous Mobile Robot for
Environmental Monitoring. 2020 International Conference on Mechatronics and Embedded Systems and
Applications (MESA), 1-5.

13. Mishra, A., Mishra, R., & Dixit, R. (2020). Autonomous Robot for Sewerage System Inspection Using Raspberry
Pi. 2020 IEEE International Conference on Power Electronics, Smart Grid and Renewable Energy (PESGRE), 1-5.

14. Liu, J., Zhu, Z., & Liu, X. (2019). Design and Implementation of a Remote-Controlled Mobile Robot Based on
Raspberry Pi. 2019 IEEE 3rd Advanced Information Management, Communicates, Electronic and Automation
Control Conference (IMCEC), 2-6.

15. Anwer, A., & Naseer, A. (2019). Design of an Autonomous Vehicle Using Raspberry Pi. 2019 International
Conference on Computing, Mathematics and Engineering Technologies (iICoMET), 1-5.

16. Khan, M. A., Nisar, M., & Igbal, J. (2019). Design and Development of a Mobile Robot for Inspection of
Underground Sewerage Systems. 2019 International Conference on Engineering and Emerging Technologies
(ICEET), 1-5.

17. Zhang, Y., Sun, Z., & Li, J. (2019). Design and Implementation of a Telepresence Robot Based on Raspberry Pi.
2019 International Conference on Robotics, Control and Automation (ICRCA), 83-87.

18. Khan, M. A., Nisar, M., & Igbal, J. (2019). Design and Development of a Mobile Robot for Inspection of
Underground Sewerage Systems. 2019 International Conference on Engineering and Emerging Technologies
(ICEET), 1-5.

19. Yeo, S. H., Chua, Z. Y., & Lim, S. Y. (2019). Design and Development of an Autonomous Robot for Sewer
Inspection. 2019 IEEE International Conference on Systems, Man and Cybernetics (SMC), 450-455.Yeo, S. H.,

20. Kwon, S. H., Lee, J. H., & Park, S. J. (2018). Development of an Intelligent Obstacle Avoidance System for a
Mobile Robot Based on Raspberry Pi. 2018 International Conference on Information and Communication
Technology Convergence (ICTC), 1007-1010.

21. Xia, J., Zhang, Y., & Liu, Y. (2018). Design of a Mobile Robot for Inspection of Underground Sewerage Systems.
2018 International Conference on Internet of Things and Intelligent Applications (ITIA), 1-5.

22. Ansari, M. N., Shaikh, R., & Mulla, M. (2018). Design and Development of a Remote Controlled Mobile Robot
for Inspection of Sewerage Systems. 2018 International Conference on Intelligent Sustainable Systems (ICISS),
249-253.

IJMRSET © 2025 |  AnISO 9001:2008 Certified Journal | 2051




- =, &8
L g3

P

3 INTERNATIONAL
A ‘ ‘ STANDARD
SJIF Scleatific Journal lmpact Factor ‘ \ SERLAL
NUMBER
INDIA

INTERNATIONAL JOURNAL OF

MULTIDISCIPLINARY RESEARCH
IN SCIENCE, ENGINEERING AND TECHNOLOGY

NISCAIR

| Mobile No: +91-6381907438 | Whatsapp: +91-6381907438 | ijmrset@gmail.com |

www.ijmrset.com



mailto:ijmrset@gmail.com
http://www.ijmrset.com/

