International Journal of Engineering Science and Advanced Technology (IJESAT) Vol23 Issue 05,2023

Design and Development of Pole Climbing Robot with Fire Detection and
Prevention using Extinguishing Mechanism

K. Saritha', D. Uday Kiran®, G. Mallesh, Sathwai Archana’, Sannapu Reddy Himaja®, Srikanth
Ghodke®

'Assistant Professor, >*UG Student, '“Department of Electronics and Communication Engineering,
*Department of Mechanical Engineering
Malla Reddy Engineering College and Management Sciences, Kistapur, Medchal, 501401,
Telangana

12,3

Abstract

Fire incidents pose significant risks to life, property, and the environment. To address the challenges
faced by firefighters in reaching and extinguishing fires in elevated locations such as poles, this
research focuses on developing a specialized pole climbing robot. The robot is designed to
autonomously navigate vertical surfaces, detect fires, and apply extinguishing measures using a
controlled nozzle release mechanism. By incorporating advanced technologies and control systems,
the robot aims to improve firefighting capabilities and ensure the safety of firefighters and the public.
Traditional firefighting methods face limitations in reaching and extinguishing fires in high vertical
locations such as poles. Human intervention in such scenarios is hazardous and often ineffective.
Therefore, developing a pole climbing robot with fire detection and prevention capabilities can
significantly enhance firefighting operations. This research draws upon robotics, automation, and
sensing technologies to create a specialized robot that can access elevated areas and swiftly respond to
fire incidents. This project presents the design and development of a pole climbing robot with fire
detection and prevention capabilities. The robot is equipped with an Arduino UNO microcontroller, a
20A motor driver circuit, a wireless camera module, a limit switch for up/down movement, fire
sensors, and a motor driver for nozzle release. The objective is to create a versatile and efficient robot
capable of autonomously climbing poles, detecting fires, and extinguishing them using a nozzle
mechanism. This robot can assist in firefighting operations, providing enhanced safety and reducing
the risks associated with human intervention.

Keywords: Pole climbing robot, Fire detection, Extinguishing mechanism, Arduino UNO, 20A motor
driver circuit.

1. Introduction

Throughout history, fires have posed immense threats to human lives and properties, particularly in
situations involving vertical structures such as utility poles and towers. Traditional firefighting
methods often encountered challenges in promptly accessing these elevated locations, leading to
delays and increased danger. Recognizing the need for an innovative solution that could efficiently
and effectively combat fires in such environments, researchers and engineers embarked on the
development of this ground-breaking robotic system. Fires occurring in vertical structures, such as
utility poles, towers, and high-rise buildings, have presented numerous difficulties for firefighters and
rescue personnel. The conventional approach of using ladders and cranes for firefighting in these
scenarios proved to be time-consuming and dangerous. Moreover, the limited mobility and
accessibility of firefighters while battling fires in elevated locations exacerbated the risks associated
with such operations. These challenges spurred the exploration of novel solutions that could address
the specific requirements of fire detection, prevention, and extinguishing in vertical structures. The
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Pole Climbing Robot with Fire Detection and Prevention using an Extinguishing Mechanism was
developed as an innovative robotic system to mitigate the risks associated with fires in vertical
structures. This advanced robot possesses the capability to swiftly climb poles and towers while
incorporating cutting-edge fire detection sensors and an integrated extinguishing mechanism. By
harnessing this technology, the robot aims to enhance the efficiency and safety of firefighting
operations in elevated environments, minimizing the need for human intervention and reducing
response times. The significance of the Pole Climbing Robot lies in its ability to overcome the
challenges posed by fires in vertical structures. This robotic solution offers several notable advantages
over traditional firefighting methods. Firstly, it provides swift access to elevated locations, enabling
early detection of fires and prompt response. Secondly, the integration of state-of-the-art fire detection
sensors allows for quick identification of ignition sources and precise fire localization. Finally, the
robot's advanced extinguishing mechanism delivers an efficient and targeted approach to firefighting,
minimizing collateral damage and improving overall effectiveness.The development of the Pole
Climbing Robot with Fire Detection and Prevention using an Extinguishing Mechanism arose from
the pressing need to enhance fire safety measures in vertical structures. Traditional firefighting
methods proved inadequate in swiftly reaching elevated locations, resulting in delays and increased
risks to both rescue personnel and affected individuals. The need for a specialized robot capable of
climbing poles and towers while autonomously detecting and extinguishing fires became evident.
Such a robotic system would not only enhance the safety of firefighters but also increase the chances
of successful fire suppression and minimize property damage.

2. Literature Survey

Takva, Cagatay, and Zeynep Yesim ilerisoy (2022) conducted a review on the trends of flying robot
technology (drones) in the building and construction industry, discussing their various applications
and advancements; however, potential drawbacks or limitations were not explicitly discussed. Abadia
Tercedor, Ignacio (2022) proposed a biologically inspired approach for compliant robot control using
cerebellar spiking neural networks, exploring the potential of neural networks to improve robot
control; however, the specific drawbacks or limitations of the approach were not mentioned. Bujiak,
Marek, et al. (2022) provided a review on current possibilities and applications of spherical robots for
special purposes, discussing their design features, locomotion mechanisms, and potential applications;
however, the drawbacks or limitations of the current possibilities were not addressed.

Megalingam, Rajesh Kannan, et al. (2022) developed and evaluated a search-and-rescue robot called
Paripreksya 2.0 for the World Robot Summit 2020, focusing on its design, capabilities, and
performance evaluation; however, the specific drawbacks or limitations of the robot were not
mentioned. Yu, Junfang (2022) presented the control system of a fire rescue robot designed
specifically for high-rise buildings, emphasizing its role in building design and fire safety; however,
the drawbacks or limitations of the control system were not discussed. Alam, Shah Hasibul, Rezwan
Mahmud, and Rakin Robbani Raad (2022) designed and developed a firefighting robot tailored to the
scenario of Bangladesh, addressing the specific challenges and requirements of the region; however,
the drawbacks or limitations of their firefighting robot were not mentioned.

Imran, 1. Mohamed, et al. (2022) presented an intelligent fire-fighting robot integrated with deep
learning techniques, highlighting its capabilities in fire detection, localization, and suppression;
however, the potential drawbacks or limitations of the intelligent robot were not discussed. Stuhne,
Dario, et al. (2022) designed a wireless drone recharging station and a special robot end effector for
installation on a power line, focusing on their design considerations, functionalities, and potential
applications; however, the drawbacks or limitations of the designed systems were not mentioned.
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Stefan, Amado, et al. (2022) investigated the influence of the stiffness of a robotic arm on the position
of the effector of an explosive ordnance disposal (EOD) robot, highlighting the impact of arm
stiffness on the robot's performance; however, the drawbacks or limitations of the stiffness influence
were not discussed. Hou, Xuyan, et al. (2023) proposed a space crawling robotic bio-paw enabled by
triboelectric sensors for surface identification, presenting its capability to traverse different surfaces
using the triboelectric effect; however, the specific drawbacks or limitations of the proposed bio-paw
robot were not mentioned.

Zhao, Jianwei, et al. (2022) designed and researched an articulated tracked firefighting robot,
discussing its design features, locomotion mechanism, and firefighting capabilities; however, the
drawbacks or limitations of the articulated tracked robot were not addressed. Fang, Guisheng, and
Jinfeng Cheng (2023) provided a review on advances in climbing robots for vertical structures in the
past decade, discussing the design principles, locomotion mechanisms, and applications of climbing
robots for vertical structures. They highlighted the progress made in terms of robot stability,
adaptability, and gripping mechanisms; however, the specific drawbacks or limitations of the climbing
robots in the past decade were not explicitly discussed in the paper. The problem addressed in this
research is the need for an efficient and reliable robot capable of climbing poles, detecting fires, and
extinguishing them. The objective is to reduce the risks associated with firefighting operations by
providing a specialized robot that can navigate vertical surfaces, detect fires using advanced sensors,
and deploy a controlled extinguishing mechanism.

3. Proposed Methodology

Figure 1 shows the block diagram of pole climbing with fire detection and prevention. The analysis
highlights the key components and functionalities of the pole climbing mechanism and fire
detection/prevention system in the robot. The design and development of a robust climbing
mechanism, integration of fire sensors, precise control over the nozzle, and the use of Arduino UNO
as the central control system are crucial for creating an efficient and effective fire-prevention robot.
These components work together to enable the robot to navigate vertical poles, detect and respond to
fire incidents autonomously, and ensure precise control over the fire prevention mechanism.
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Fig. 1: Block diagram of pole climbing with fire detection and prevention.
Step 1: Pole Climbing Mechanism:

The pole climbing mechanism is a critical component of the robot that enables it to navigate vertical
poles. The mechanism should be designed to provide stability, strength, and durability to support the
weight of the robot while climbing. It should be able to withstand various environmental conditions
and ensure safe navigation. Utilizing a 20A motor driver circuit allows for precise control of the
motors responsible for the climbing movement. The motor driver should be capable of providing
sufficient power to drive the climbing mechanism while maintaining smooth and controlled motion.
Incorporating limit switches for up and down movement is crucial for safe navigation. These switches
act as sensors to detect the upper and lower limits of the climbing mechanism's movement, preventing
any potential damage or accidents.

Step 2: Fire Detection: Integrating fire detection capabilities in the robot enhances its ability to
autonomously identify fire incidents. The robot should incorporate reliable fire sensors such as flame
detectors, smoke detectors, or gas sensors. These sensors detect the presence of fire or hazardous
gases, providing early warning and enabling prompt action. The integration of fire sensors enables
automatic fire detection. When the sensors detect a fire, the robot can initiate the appropriate response,
such as activating the fire prevention mechanism or alerting human operators. To complement
automatic fire detection, integrating a wireless camera module allows for manual inspection and
verification of fire incidents. This visual input helps human operators assess the situation, provide
additional information, and make informed decisions.

Step 3: Fire Prevention Mechanism:

The fire prevention mechanism equips the robot with the ability to suppress or control fires.
Incorporating a motor driver to control the release of a firefighting nozzle ensures precise control over
the spraying of fire suppression agents, such as water or fire retardants. The motor driver allows for
adjustments in the direction, angle, and intensity of the nozzle's movement to effectively target the fire
source. The robot's ability to maneuver and position the nozzle accurately plays a vital role in
effective fire suppression. The motor driver should provide smooth and precise control to ensure the
nozzle targets the fire source efficiently, minimizing collateral damage and maximizing the
effectiveness of fire suppression efforts.

Step 4: Arduino UNO Control System:

The Arduino UNO control system acts as the central control unit for the robot, integrating various
components and enabling autonomous operation. Utilizing Arduino UNO allows for centralized
control of the robot's functionalities. The control system integrates sensor inputs, motor control, and
communication modules, providing a unified platform for managing the robot's operations.
Developing and implementing algorithms on the Arduino UNO enables autonomous navigation, fire
detection, and nozzle control. These algorithms define the robot's behavior, decision-making
processes, and responses to different scenarios, ensuring efficient and effective operation. The
Arduino UNO platform offers flexibility for future expansions and customizations. It allows for the
addition of new sensors, modules, or functionalities to adapt the robot to evolving needs or to
integrate with other systems for enhanced capabilities.

Working:

The Arduino controller serves as the central control unit for the fire-fighting robot. It receives inputs
from various sensors, processes the data, and sends commands to the different components of the
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robot. It implements algorithms for autonomous navigation, fire detection, and nozzle control,
ensuring efficient operation. The CNC laser cutting process is used to cut precise shapes and patterns
out of materials such as metal sheets. In the context of the fire-fighting robot, it can be utilized to
create custom brackets, clamps, and solid parts with accurate dimensions, ensuring proper assembly
and structural integrity. CNC metal bending is employed to shape metal sheets into desired angles or
curves. It can be utilized to fabricate components like mounting brackets or structural elements of the
robot's frame, ensuring proper fit and functionality. Powder coating is a finishing process that
provides a protective and aesthetically pleasing coating to metal surfaces. It can be applied to the
robot's metal components, providing resistance against corrosion and enhancing durability.

High torque DC motors are used in the robot to generate the required power and torque for various
tasks, such as climbing poles or controlling the fire prevention mechanism. These motors offer the
necessary strength and reliability to perform the robot's operations effectively. The 20A motor driver
is responsible for controlling the high torque DC motors. It provides the necessary power, voltage
regulation, and current control to drive the motors smoothly and accurately, ensuring precise control
over the robot's movements. The server acts as a central hub for the fire-fighting robot's
communication and data storage. It can receive data from the wireless camera module and store video
footage for manual fire detection and analysis. It can also receive status updates and data from the
robot's sensors, enabling remote monitoring and control. Fire sensors, such as flame detectors, smoke
detectors, or gas sensors, are integrated into the robot to detect the presence of fires or hazardous
gases. These sensors provide inputs to the Arduino controller, enabling the robot to autonomously
detect and respond to fire incidents.

DC motors are utilized in the fire prevention mechanism to control the release of the firefighting
nozzle. The motor driver circuit controls the movement of the DC motor, allowing precise adjustment
of the nozzle's direction, angle, and intensity for effective fire suppression. The wireless camera
module captures visual input that assists in manual fire detection and verification. The camera footage
is transmitted to the server, enabling human operators to assess the situation, make informed
decisions, and provide additional guidance to the fire-fighting robot. The 6 feet pole is the vertical
structure that the fire-fighting robot is designed to climb. It provides a realistic scenario for the robot
to navigate and practice its climbing mechanism. The robot utilizes its climbing mechanism, driven by
high torque DC motors, to climb and maneuver along the pole's surface. 3D printing technology is
used to create custom brackets, clamps, and solid parts for the fire-fighting robot. These 3D printed
components provide precise fit, lightweight construction, and flexibility in design, allowing for
efficient assembly and integration of various parts of the robot.

Hardware modules

e Arduino controller
e (CNC laser cutting

e (CNC metal bending
e Powder coating

e High torque DC motors
e 20A motor driver

e Server

e Fire sensors

e DC motor

o  Wireless camera

e 6 feet pole
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e 3D printed brackets, clamps, and sloid parts

Software modules

1. Catia V5
e Mechanical design
e Parts design
e  Sketcher
e Assembly design
e Drafting

2. Arduino IDE
4. RESULTS AND DISCUSSION

4.1 3D Design Modelling
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4.2 Hardware Results
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5. CONCLUSION

In conclusion, the development of a specialized pole climbing robot with fire detection and prevention
capabilities has been a significant step towards improving firefighting operations. The robot, equipped
with advanced technologies and control systems, has demonstrated its ability to autonomously
navigate vertical surfaces, detect fires, and apply extinguishing measures. By addressing the
challenges faced by firefighters in reaching elevated locations such as poles, this robot has the
potential to enhance firefighting capabilities and ensure the safety of both firefighters and the public.
The successful design and development of the robot provide a promising solution to the limitations of
traditional firefighting methods.
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