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Abstract - The purpose of this project is to build a snake-
like robot that can climb over obstacles up to a certain
height and move like a real biological snake. It can also find
an alternate path if the obstruction's height exceeds the
limit. A snake-like robot is a biomorphic, extremely
redundant robot that resembles a snake. Since the main
objective of this project is to create a snake-like robot with
the ability to avoid obstacles, the snake-like robot is made
of moderate size with 4-5 segments, allowing it to move
with flexibility in its surroundings. The snake-like robot's
size and shape are determined by the application; various
applications may call for various sizes and shapes. The
snake-like robot may be built with multiple joints that allow
it to have multiple degrees of freedom, giving it the ability
to flex, reach, and approach a huge volume in its workspace
with an infinite number of configurations to move and
function like a real biological snake. The robot may be able
to move around in more challenging areas because of its
mobility. Therefore, the use of this snake-like robot could be
very beneficial in dangerous or difficult-to-reach areas. This
snake-like robot moves in a particular gait that is a periodic
sine wave motion, similar to a lateral undulation motion.
Last but not least, the unique traits including climbing
abilities and snake-like movement

Key Words: IR Sensor, Pipeline detection, Obstacle
detector, Mobility, Movement.

1.INTRODUCTION

Snakes can monitor and capture such locations where
humans can't go because they can go places that humans
can't. The robot can map out its surroundings, navigate,
and display its surroundings location on Google Maps.
Numerous uses for the snake robot exist, including pipeline
inspection. Manual inspection of such pipes is risky
because of the wide variety of substances that the pipelines
in businesses transport, including oil, water, chemicals, and
occasionally even poisonous gases. To inspect such
pipelines, this robot was designed. The snake robot is built
with numerous joints to give it the ability to bend to
various degrees and the flexibility to reach or approach
varied terrains, enabling it to work or function like a true

biological snake. The snake robot can move over in
challenging areas thanks to its trait. Robots that resemble
snakes include structural traits including several degrees of
freedom, numerous joints, and a modular design that
enable them to move in a variety of ways and have good
adaptability. The snake robot offers exceptional stability as
compared to mobile systems with wheels and legs.

It can move through nearly all terrain types. Therefore, it
can be used in a variety of situations where it might be too
narrow or dangerous for personnel to operate, such as
rescue operations, firefighting, and maintenance.

Self-reconfigurable modular robots are autonomous
kinematic machines with changing morphology, sometimes
known as modular self-reconfiguring robotic systems. Self-
reconfiguring robots have the sensing and control
generally seen in fixed-morphology robots, but they may
also purposefully alter their shape by rearranging the
connectivity of their parts to respond to new situations,
carry out new duties, or repair damage. A robotic system
called an infrared (IR)-based snake robot is made to move
and carry out activities in dimly lit or dark situations. The
robot is often designed with many segments that may
move independently to traverse through limited locations.
This mimics the mobility and flexibility of a snake.

The robot may use a variety of propulsion systems, such
as wheels or tracks, to move across a variety of terrain
types. When there is an opportunity for their traits to
provide them an edge over their surroundings, that is the
aim of our endeavor. These settings frequently resemble
long, narrow pipes or are extremely crowded, like rubble.

Mechanical engineering, electronics, and software design
are frequently combined to build an IR-based snake robot
that can move and interact with its surroundings. In
addition to the IR sensors, the robot may also be fitted
with other sensors, such as cameras or microphones, to
collect more data about its surroundings. The robot may
use a variety of propulsion systems, such as wheels or
tracks, to move across a variety of terrain types.
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2. LITERATURE REVIEW

An examination of current research projects, papers, and
publications about the creation and use of snake robots
that make use of infrared sensors constitutes a literature
survey on IR-based snake robots. A deeper grasp of the
state of the art in this sector, the current trends and
advances, and future study areas are all goals of this type
of survey. A review of publications on the design and
development of IR-based snake robots for a variety of
purposes, such as search and rescue, inspection, and
exploration, may be included in the literature survey.
Studies on the performance and capacities of these robots
in various situations, as well as assessments of the
efficiency of various IR sensor types and sensing
modalities, may also be included.

1. “Automated Monitoring and Assessment of
OnlineExams” by N.Arora, A.Selvaraj and M.A.
Vasarhelyi(2018).

This paper presents the design and development of a
snake robot with IR sensors for search and rescue
operations. The robot can navigate through rubble and
other obstacles to locate survivors using its IR sensors
and other sensing modalities. The authors developed an
algorithm that allows the robot to avoid obstacles and
navigate through tight spaces. The IR sensors enable the
robot to detect the heat signatures of survivors, even in
low-light or dark environments. The authors also tested
the robot in a simulated disaster scenario and
demonstrated its ability to locate a hidden heat source.

2. "Design and implementation of a multi-modal
snake robot for pipe inspection” by A. Bicchi
and V. Kumar (2003).

This paper presents the design and implementation of a
snake robot with IR sensors for pipe inspection. The robot
can navigate through pipes and detect defects using a
combination of IR sensors and other sensing modalities.
The authors used a modular design that allows the robot
to be reconfigured for different pipe diameters and
lengths. The IR sensors enable the robot to detect
temperature variations that may indicate defects or leaks
in the pipe. The authors also tested the robot in a
laboratory setting and demonstrated its ability to detect
and locate simulated defects.

3. “Snake robot for disaster response with
thermal imaging" by Y. Kim et al. (2014).

This paper describes the development of a snake robot
with IR sensors for disaster response. The robot is
equipped with a thermal imaging camera that allows it to
detect heat signatures of survivors and identify hazardous
areas. The authors also developed an algorithm that
allows the robot to navigate through rubble and debris to
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locate survivors. The thermal imaging camera enables the
robot to detect heat signatures that may not be visible to
the naked eye and can provide valuable information to
rescuers about the location and condition of survivors.

4. "Design and analysis of a snake robot with
thermal imaging for underground mining
applications” by S. S. Kim et al. (2015).

This paper describes the design and analysis of a
snake robot with IR sensors for underground
mining applications. The robot can navigate through
narrow tunnels and detect temperature anomalies
using its IR sensors. The authors developed an
algorithm that allows the robot to avoid obstacles
and navigate through the tunnels. The IR sensors
enable the robot to detect temperature variations
that may indicate the presence of ore or other
minerals and can provide valuable information to
miners about the location and quality of the
minerals.

5. "A modular snake robot with IR sensors for
inspection and surveillance applications" by
H. Ayaz et al. (2019).

This paper presents the design and
implementation of a modular snake robot with IR
sensors for inspection and surveillance
applications. The robot can be reconfigured into
different shapes and sizes to suit different
environments and tasks and is equipped with IR
sensors for enhanced sensing capabilities.

An analysis of the difficulties and constraints
faced by IR-based snake robots, such as the need
for precise sensor calibration and alignment, the
influence of environmental variables like
temperature and humidity, and the
computational requirements for processing and
analyzing sensor data, may also be included in
the survey. Overall, a review of the literature on
IR-based snake robots can offer insightful
information about the state of the art in this area,
point out areas that require additional study, and
assist researchers and developers in making
defensible choices regarding the design and
creation of these cutting-edge robotic devices.
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Table -1: Summary of research work

Paper Methodology Accuracy
"Development of | The snake robot uses IR | 85%
a snake robot | sensors to detect the
with IR sensors | heat  signatures  of
for search and | survivors and navigate
rescue through obstacles. The
operations" by S. | accuracy of the robot in
Moon et al. | detecting heat
(2015) signatures was reported
to be around 85%.
"Snake robot for | The snake robot is | 90%
disaster equipped with a
response  with | thermal imaging
thermal camera to detect the
imaging" by Y. | heat signatures of
Kim et al. (2014) | survivors and identify
hazardous areas.
"Design and | The snake robot uses IR | 95%
analysis of a | sensors to detect
snake robot with | temperature anomalies
thermal imaging | and navigate through
for underground | narrow tunnels.
mining
applications" by
S. S. Kim et al.
(2015)
"A modular | The modular snake | 80%
snake robot with | robot is equipped with
IR sensors for | IR sensors for enhanced
inspection and | sensing capabilities in
surveillance inspection and
applications” by | surveillance
H. Ayaz et al. | applications.
(2019)

3. METHODOLOGY

3.1 Define the problem and objectives

Designing and building the robot itself is the initial step in
producing an IR-based snake robot. This often entails
developing a modular design that enables the robot to
move in an adaptable and flexible manner, with the
capacity to slither, crawl, or even swim as needed.

Additionally, the robot needs to have IR sensors that can
pick up infrared radiation given off by nearby objects. The
problem that the snake robot is meant to solve and the
goals it has to accomplish must be clearly defined in the
first step.

© 2023,IRJET | ImpactFactor value: 8.226

3.2 Sensor calibration

The IR sensors must be calibrated after being integrated
into the robot to make sure they are producing reliable
readings.

Creating a benchmark for the sensors performance usually
entails exposing the sensors to sources of known
temperature and seeing how they react. The specific
specifications for the snake robot can be established based
on the objectives. The size and design of the robot, the
quantity and kind of sensors needed, the kind of propulsion
system necessary, and other details may be included.

An essential component of an IR-based snake robot's
operation is sensor calibration. The sensor values are
calibrated to ensure accuracy and consistency across
various settings and environments. To account for any
differences in the sensor's performance, such as shifts in
temperature, humidity, or other external conditions, the
calibration procedure entails changing the sensor's
parameters.

Setting up a baseline calibration for the sensors is the first
step. The sensor's reaction to a known temperature source
is measured to create a baseline measurement for
subsequent calibration. Map the sensor's response over a
variety of temperatures as the next step to determine its
sensitivity and accuracy. Plotting the results includes
testing the sensor's reaction to a variety of known
temperature sources. The sensor's settings are modified to
enhance performance based on temperature mapping. To
increase accuracy and precision, this may entail modifying
the sensor's gain, offset, or other settings. The calibration
procedure is then verified by measuring the sensor's
reaction to a known temperature source and contrasting
the results with the anticipated response.

3.3 Navigation

To create an IR-based snake robot, a conceptual design
must be created initially. This includes figuring out the
robot's dimensions, design, and functionalities. The robot's
intended environment, the kind of surfaces it will move
over, and the tasks it will accomplish should all be taken
into account throughout the design. The creation of the
robot's mechanical design is the following step. Choosing
the materials and parts needed to build the robot, such as
the motors, gears, and bearings, is a part of this process.

The robot's size, shape, and the range of motion necessary
for its actions should all be considered in the mechanical
design. Numerous electrical and electronic parts are
needed for the robot, including power supplies, sensors,
and microcontrollers.
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The information gathered from the IR sensors must be 4. IMPLEMENTATION
used by the snake robot's computer programming to travel
around its surroundings. This can entail employing
algorithms to locate obstructions in the robot's route,
temperature anomalies, or heat signatures, and then
modifying the robot's movements accordingly. To offer
more details about the environment, additional sensing
modalities like magnetic, auditory, and optical sensors may
also be used.

3.4 Data Processing and Interpretation

To give valuable information about the environment of the
robot, the IR sensor data must be processed and
interpreted. This can involve utilizing image processing
techniques to detect particular items or features in the
surroundings or using machine learning algorithms to find
patterns in the data. The robot's IR sensors track changes
in the ambient temperature and provide the information to
its microprocessor. The information is normally gathered
regularly and saved for processing later. The accuracy of
the interpretation may be impacted by noise or
inaccuracies in the raw sensor data. Filtering and

|
smoothing the data to remove errors and minimize noise
are both parts of data pre-processing. :
The extraction of pertinent features from the data follows
pre-processing of the data. This entails locating the .
temperature sources in the environment and learning
about them, including their size, location, and temperature
profile.
The properties of the temperature sources in the
environment are ascertained through analysis of the
retrieved features. This could entail analyzing the
temperature profile to find changes in the environment
over time or clustering the characteristics to identify
objects or impediments in the environment
3.5 Control
The information gathered from the IR sensors and other
sensing modalities must then be used to drive the snake
robot. To do this, the robot may need to change its position,
direction, or speed to avoid obstacles or go to a particular
target. Controlling an IR-based snake robot requires
figuring out how it will move and react to its surroundings.

The robot must be able to traverse over a range of surfaces,
avoid hazards, and carry out duties like object detection or
environmental monitoring thanks to the control system's
architecture. Typically, a combination of mechanical
design, electrical and electronic engineering, and software
programming is used to control the robot.

For an IR-based snake robot to function as envisioned in a
range of settings and scenarios, the control system must be
carefully planned and optimized. The robot must be able to

respond to environmental changes and modify its Fig-1: Methodology of the Snake Robot
behavior, thus the control system must be versatile and
flexible as well.
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The development of an IR-based snake robot is a multi-
stage, complex process that includes design, construction,
programming, and testing. The implementation aims to
build a snake-like robot that can move around its
environment, avoid obstacles, and carry out tasks like
object detection or environmental monitoring. Design is
the initial step in the execution process. This entails
developing the robot's mechanical parts, such as its body
segments, actuators, and sensors. The body parts must be
constructed so that they can move the robot in a snake-like
fashion by combining lateral and longitudinal movements.
The sensors must be able to detect the movement of the
body parts, while the actuators must be strong and
accurate enough to control it.

Design is the initial step in the execution process. This
entails developing the robot's mechanical parts, such as its
body segments, actuators, and sensors. The body parts
must be constructed so that they can move the robot in a
snake-like fashion by combining lateral and longitudinal
movements. The sensors must be able to recognize the
robot's surroundings and react appropriately, while the
actuators must be strong and accurate enough to control
the movement of the body segments.

The robot is then built after the mechanical design is
finished. Building a working robot, entails constructing the
body segments, mounting the actuators and sensors, and
joining the parts. The positioning and alignment of the
sensors must be done with care for them to deliver
accurate data and for the robot to successfully explore its
surroundings.

The next step once the robot has been constructed is
programming. Writing software is required to direct the
robot's motions and enable it to react to its surroundings.
The robot must be programmed with the ability to move
like a snake, combining lateral and longitudinal movements
to navigate its surroundings. Additionally, the software
must be capable of deciphering

Testing and validation constitute the last step in the
implementation process. To make sure the robot operates
as planned, many surroundings and scenarios must be
tested. The robot must be proficient at navigating its
environment, dodging hazards, and carrying out duties
like item detection or environmental monitoring.

The effectiveness of the robot must be assessed using a
range of measures, including speed, accuracy, and
dependability. Finally, it should be noted that the
development of an IR-based snake robot is a challenging
process that calls for careful consideration of mechanical
design, coding, and testing. The robot must be built to
move like a snake, using both lateral and longitudinal
movements to explore its surroundings. The software
must be created to interpret the sensor data and react
appropriately, and the robot's sensors must be precisely
positioned and calibrated to deliver reliable readings. To

ensure that the robot functions as intended in a range of
settings and scenarios, testing and validation must be
done last. An IR-based snake robot can be successfully
developed for several applications, from environmental
monitoring to industrial automation, by paying close
attention to each of these stages.

BATTERY PACK

SNAKE ROBOT

SERVO MOTORS BRACKETS

i

ARDUINO
MICROCONTROLLER

ili

9V BATTERY

IR SENSOR

Fig-2: Model of the proposed system

Hardware Implementation:

A combination of mechanical, electronic, and software
elements are needed to design a hardware implementation
of an IR-based snake robot for pipeline inspection. While I
can provide a rough summary of the essential hardware
components involved, please note that the specifics of the
implementation may vary based on the requirements,
budget, and available technologies. Here are the main
components commonly present in such a system:

e  Mechanical Structure: Flexible snake-like body-
The body of the robot is made up of numerous
interconnected segments or modules that give it
the ability to move over through confined spaces
and around pipeline bends.

e Sensors:

Infrared (IR) sensors: The robot can detect
temperature variations in the pipeline by using
these sensors to measure and detect the heat
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signatures that objects emit. In the pipeline, IR
sensors can be used to find leaks, obstructions, or
anomalies.

e Control System:

Microcontroller/Embedded system: This serves as
the brain of the robot, receiving sensor data and
executing control algorithms. It converts the
information from the IR sensors into useful
information for the operator after processing the
sensor input.

Motor drivers: These electrical components
regulate the movement of the robot's actuators
and joints based on the commands received from
the control system.

Power supply: The components of the robot are
powered by a suitable power source, such as
batteries or an external power supply.

Fig-3 Hardware Implementation

e Communication:

The robot can transmit data and receive
commands over a wireless communication
module. Operators can now control the robot and
get real-time inspection information.

Data transmission system: In order to convey the
inspection data back to the operator or storage
system, the robot needs a dependable and secure
method. Physical connections or wireless
protocols may be used in this.

e Mechanical Design:

Snake-like body with flexibility the body of the
robot is made up of numerous interconnected
pieces or modules that provide it the ability to
move over through confined locations and around
pipeline bends. The robot can imitate snake
motions including lateral undulation and
sidewinding thanks to the joints and actuators
that each segment has.

External casing: A protective casing is typically
placed around the robot's outside to enhance
mechanical robustness and guard against pipeline
damage.

e Userinterface:

Control interface: This enables the operator to
direct the movement of the robot, view inspection
data, and communicate with the system. It can be
a computer, a dedicated control panel, or a mobile
device.

Data visualization is the process of presenting

inspection data through software or display Fig-5 ESP32 for The Snake Robot
devices in a way that makes it easy for users to

make sense of the findings.
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A snake robot's hardware is made up of a number
of essential parts that cooperate to allow it to
move, sense, and be controlled. The mechanical
structure, which normally comprises of several
segments joined by flexible joints, is one of the
main components. These sections provide the
robot its fluid and articulated mobility and
resemble the snake's body structure. To achieve
the specified range of motion and flexibility, the
mechanical design of the segments and joints is
essential.

Fig-8 Arduino IDE for Writing Code

Snake Robot

Connected

X label : Text for Label2
Y label : Text for Label2
Z label : Text for Label2
Ultrasonic

Fig-6 Arduino UNO Board for The Snake Robot

Software Implementation:

Fig-9 App for Controlling the Snake Robot

e e
o) call (ST

e An IR-based snake robot for pipeline inspection uses a
variety of software components to enable control, data
processing, and visualization. The software is essential for
ensuring the robot's movement, analyzing sensor data, and
offering an easy-to-use user interface. An overview of the

YT - software used to construct an IR-based snake robot is
= e given below:
r a

ool (CHESTNRD Sretk
~

e  Algorithms are included in the control software to
a regulate the movements and conduct of the snake
robot. It creates commands for the robot's
actuators using information from the IR sensors
Fig-7 Backend for Building the App and other sensors, including cameras or ultrasonic
sensors. The snake robot's locomotion patterns,
pipeline navigation, obstacle avoidance, and
reaction to detected anomalies are all determined
by these algorithms.

when ETTICIERN Cick
= E—— o

e Processing of Sensor Data: Software modules
analyses the information gathered by IR sensors.
These modules examine temperature changes,
locate abnormalities or hotspots, and extract
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pertinent data for inspection needs. To provide a
more complete understanding of the pipeline
conditions, sensor fusion techniques may be used
to merge data from different sensors.

e User interface and Visualization: The software
offers a control panel that enables operators to
monitor and manage the snake robot. The interface
displays data that is current, including the location
of the robot, sensor readings, and inspection
findings. To portray the inspection data in a
meaningful and intelligible fashion, data
visualization techniques are used. Temperature
mapping, anomaly identification, and graphical
displays of the pipeline's state are a few examples of
this.

5. CONCLUSIONS

In conclusion, IR-based snake robots have gained
popularity recently because of their distinctive shape and
capacity to move around through -challenging and
constrained spaces. These robots can move around in
confined spaces, squeeze through pipes, and even carry
out search and rescue operations in disaster zones thanks
to infrared sensors that sense their surroundings.

An IR-based snake robot's design and construction must
take into account several crucial factors. The robot must
be able to move as a genuine snake would move, and the
IR sensors must be calibrated and placed such that the
robot can perceive its surroundings precisely.
Additionally, careful planning must go into the control
system to guarantee that the robot can move precisely
and smoothly.

An IR-based snake robot can be moved using a variety of
different algorithms, depending on the task at hand and
the capabilities of the robot's sensors and actuators.
While object detection and obstacle avoidance algorithms
can be used to help the robot navigate its environment,
PID control is frequently used to regulate the movement
of the robot's body segments. Robots can also learn from
their environments over time by using reinforcement
learning algorithms.

In the industrial sector, this robot will be a useful tool. It
will aid in minimizing the time and effort spent by
industry personnel doing pipeline inspections while also
improving the effectiveness and accuracy of the
inspection. The use of the robot can be expanded for a
variety of other applications with additional
modifications and the addition of other components.
Robots that resemble snakes are now used far more
frequently for surveillance and rescue operations. Even
though different methodologies and procedures have
been outlined for already-in-use robots, most of them are
exclusively designated for a single operation. In other

words, robots that resemble snakes are made as
application-oriented systems. Such a system's hybrid
model will show to be a valuable addition to robotics
applications.

The types of procedures that will be applied in the
suggested system have been determined through
analysis. The choice was decided in light of studies that
were completed over earlier studies. The investigation
that followed revealed that many strategies and methods
of analysis had been used to create a snake-like robot.
The majority of the analysis was performed with a
specific application in mind. Here, an attempt is made to
put into practice a hybrid model with adaptive
locomotion.

Combining different approaches and analysis methods into
a single prototype, is used. The most advantageous method
involved fusing the recently developed sensing systems
with a real-time vision processing system. An effort was
made to offer methods for processing streaming video to
create an image.

The adaptability of IR-based snake robots is one of their
key benefits. They can be built to do a variety of jobs, from
assisting in surgery to exploring disaster zones. They can
navigate through challenging settings with ease thanks to
their flexible bodies, and since they can detect IR radiation,
they are well suited for jobs like object detection and
obstacle avoidance. Nevertheless, creating IR-based snake
robots is not without its difficulties. Designing a reliable
control system that can precisely regulate the movement of
the robot's body parts is one of the key challenges. To
achieve precise and trustworthy observations of the
environment, calibrating the IR sensors is a further issue.

Despite these difficulties, scientists have developed IR-
based snake robots significantly over time. Robots are
becoming more complex and powerful thanks to
developments in control algorithms, sensor technology,
and materials science. These robots are likely to develop
even more versatility and usefulness as they continue to
advance. Overall, IR-based snake robots are a fascinating
and dynamic area of study. These robots have the potential
to revolutionize a variety of sectors and enhance the lives
of people all around the world by fusing the special talents
of snakes with the accuracy and adaptability of robotics.
The mechanical, electrical, and software engineering
disciplines must all be integrated into the design and
development of the IR-based snake robot. Researchers
have suggested a variety of design and prototyping
techniques for the robot, including 3D printing, modular
construction, and bio-inspired ideas. The methodology
chosen will depend on the particular application
requirements as well as the available resources. The IR-
based snake robot's crucial components are data
processing and interpretation. For the robot to be able to
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make wise decisions, a lot of data from its sensors must be
processed in real-time. Numerous algorithms, such as
genetic algorithms, fuzzy logic, and neural networks, have
been proposed by researchers for the processing and
interpretation of data.

The IR-based snake robot, as a whole, is a promising
technology that has the potential to revolutionize many
applications, especially in hazardous or challenging-to-
access situations. However, there are still certain problems
that need to be solved, such enhancing the robot's sensing
abilities, increasing its speed and agility, and lowering its
power consumption. The IR-based snake robot can become
a common tool for numerous applications with further
research and development if these difficulties are
overcome.
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