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Abstract

Development of Swarm Bot for Defence
and Medical Application

Design of Swarm bot is an initiative
towards the synchronized performance of
multiple bots as a total system consisting
huge numbers of plain real-time bots. It is
observed that an expected groupwise
behavior is expressed from the interactions
between the bots and the master device.
The head posture movement is used to send
the signal from the master device to
communicate the slave devices. This
methodology has come out in the field of
artificial swarm intelligence, as well as the
bio-inspired researches of insects and other
fields in nature with the occurrence of
swarm behavior. This process depends on
the master-slave concept to operate the
whole system. The wireless communication
utilizes the SP1 (Serial Peripheral Interface)
protocol with radio waves in the range of
24-25 GHz. The ISM (Industrial
Scientific Medical) band is used for the
communication purpose.

Keywords: Swarm bot; Master-Slave;
Wireless; Remote location.

Development of Verticle Climbing
Camouflage Surveillance Bot

Scientists are trying to make
vehicles that can move through both
vertical and horizontal planes
simultaneously for a long time. Moving
against gravity makes it very difficult
because of wheel spin in a steeply inclined
surface plane. In this paper, we are dealing
with the design and development of a WI-
FI controlled bot that can move on both
horizontal and vertical surfaces. The air
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suction technique is used to hold the bot on
a vertically inclined surface.

This paper presents the design and
development of a wall climbing bot using
an ESP32 CAM microcontroller. The wall
climbing feature is achieved by using a
2200kv  BLDC motor and 600 mm
propeller. When the propeller is rotated
using the BLDC motor, the propeller sucks
the air underneath the robot, creating a
vacuum. As a result, outside air pressure
works on the robot and makes it stick to the
horizontal surface. The robot’s movement
is done by using 4 100 RPM dc motors.
The motors are connected to the ESP32
microcontroller via motor driver L298N
and can be manually controlled using any
ESP32 Android/IOS mobile application.
We have used the TCS3200 colour sensor
and RGB LED lights to change the colour
of the body as per the surroundings.

The robot can be used for any surveillance
purposes from general surveillance
purposes to surveillance of hostile areas.

Keywords: Wall Climbing; ESP32 CAM;

BLDC Motor; L298N Motor Driver;
TCS3200.
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CHAPTER: 1

DEVELOPMENT OF SWARM BOT FOR DEFENCE AND MEDICAL
APPLICATION

I. INTRODUCTION

Swarm bot is the way of presenting the workflow mapping of several bots as a system
consisting huge numbers of physical bots. It is seen that a required team appearance comes
out from the connectivity between the automated systems and wireless connections of bots
with the main controller. This approach is implementable in the application area of artificial
swarm intelligence and other fields such as medical and defence. The instructions about
'Swarm Bots’ is Assembly and Co-operative Transport which can be prepared as our own
master and slave bot. The slave will follow the instructions of master robot and the master
robot will be controlled with our android devices or through designed application softwares.
It is a smart and intelligent automated system to monitor human activities. We are moving
towards the goal to achieve the controlling of a group of slave bots in fully autonomous way
so that they locate, approach and connect with an object. In Swarm robotics field, in a
distributed and decentralized way multi-robotics is involved or participated in the form of
large number of robots. The main application-oriented goal of the Swarm-bots is to study and
understand the controlling of the slave bots assembled into structures. Swarm-bot is made of
master and slave where the master controls the slave using Radio Frequency wave operated
modules to carry out the dedicated job.

A Swarm-bot is connected with number of identical robots, called slave bots, which
are wirelessly connected. The Swarm-bot is present with self-arranged feature. This
challenging work initiates the functionality of the Swarm-bot assembly with one master and
two numbers of slaves as the prototype development and gives presentation about its
application as transportation bot in defence and medical fields.

The bots in the swarm configuration must have some primary functions-

1. Interconnection among swarm bots: Participated bots in the swarm connection exchange
the knowledge with each other and cultivate the facts to the total swarm through self-
operated nature resulting in the swarm-level cooperation.

2. Keeping away from collision between swarm bots.

3. Coordination between bots.

4. There are some more features of swarm bots that fit neither of the above mentioned
categories.

e Recovery process allows the swarm to get rid of different issues caused by short-falls
of each and every bots. The aim is to almost eliminate the effect of robot performance
failure on the remaining part of the swarm to improve the overall reliability,
robustness, and performance.
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e Reproduction process by its own allows an array of bots either to create newer design
of robots or mimic the pattern generated from many other systems. The aim is to
increase the self sufficiency of the swarm by reducing the requirement of a human
operator to create new bots.

e Human-swarm interaction gives allowance the humans to operate the robots in the
swarm or collect information from those bots. The connectivity can be set remotely,
such as through a computer such as through visual or air medium.

Il. METHODOLOGY
Construction of Mechanical Structure:
1. Assembly of autonomous controller unit

2. Assembly of different types of ambient sensors
3. Assembly of different types of communication protocol
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Figure 1: Schematic Diagram of Robotic car representation of the swarm robotic system

Synchronized location shifting:
This work finds the challenges of

1. The controlling methods to separate slave bots to connect with an object and/or with each
other.

2. The process of having a swarmbot or a group of swarm-bots to send an object towards a
destination.

3. The design and effectiveness of a hybrid control mechanism for operating a self-arranged
group of slave bots engaged in a collaborative transmitting task that have already been

Copyright © 2024 Authors Page | 82



Futuristic Trends in Robotics & Automation

e-1SBN: 978-93-6252-060-9

IIP Series, Volume 3, Book 1, Part 3, Chapter 1

ADVANCED ROBOTICS IN DEFENCE AND MEDICAL APPLICATIONS

nurtured in simulation. The issues has been classified into the categories of controlling the
steps.

e Slave bots that can self-manage themselves. Assembled slave bots can locate the
target during transmission.

e Assembled slave bots those are not able to locate the target during sending, uses one
master and one slave microcontrollers.

e Interfacing is included with optical avoider sensor with swarm bot.

e Development of SPI communication among swarm bots.

e Coordination among the swarm bots. Transportation issues of material are the only
limitation.

Figure 2: Pictorial Robotic car representation Figure 3: prototype of the head posture
movement to operate swarm robotic car of the swarm robotic system

Specified jobs in particular regions Swarm robotics is very necessary to apply in

border areas. In the no man’s zone large areas are distributed with arrays of robots, and they
act in group to complete the work. In these specific areas such as collecting information and
act accordingly is the main function to defeat the terrorists.

1.

The Hazardous Zones: Attaining an assignment in hazardous areas is not easy or safe for
the human beings. It is acceptable to send robot swarms instead, in those risky zones. An
example can be looking for hazardous objects in unreachable fields.

Tasks Scalable Up and Down: Utilizing swarm robotics in jobs that can be scaled up and
down according to the ambience is very useful because if a task is being scaled up due to
a particular reason, the count of bots in a swarm can be increased and if a task is being
scaled down then the count of bots can be decreased. Natural disasters can scale up very
quickly as an example.

Jobs with Redundancy Requirement: Redundancy is a basic criteria of swarm robotics
and because of robustness represented by swarm robotic setup. The robots can adjust with
the performance failure of other bots. They should do their work continuously and the
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absence of some members should not have any effect on the outcome. In the zones
mentioned above, there are different types of tasks those can be done by swarm robotic
setup.

111.CONCLUSION

Through this prototype development the observation has been achieved that the
master-slave is implemented. The wireless connection between master device and the slave
device is made through transceiver pair using radio waves. The places which are not
reachable by human beings can be tracked and monitored through this kind of devices in a

group.
IV.FUTURE SCOPE

1. By increasing the number of slave devices in different forms, shifting of bulk-sized and
heavier objects can be accomplished.

2. These swarm bots can be used for various food delivery operations in the restaurants.

3. The utilization of swarm robotics can be extended to serve a nation through military
services. This will reduce the number of casualties from a war.

CHAPTER: 2

DEPARTMENT OF ELECTRONICS AND INSTRUMENTATION ENGINEERING
NARULA INSTITUTE OF TECHNOLOGY

V. INTRODUCTION

Robots are among the utmost vital and futuristic inventions in modern science. It is an
electro-mechanical device or machine that can perform various tasks mechanically with the
help of software commands. These can be used to perform various tasks in hazardous settings
where humans cannot go and perform them. In the 21% century, robots are the machines or
aids that have made our lives far easier and more comfortable. Robots are primarily used in
fields where direct access to human personnel is very costly and terribly dangerous because
of the presence of hostile or hazardous surroundings. Within the last few decades, various
applications have been visualized for wall climbing bots, primarily in industrial inspections,
maintenance, area surveillance, field activities and diagnosing breakdown and failure in
hazardous fields. These applications are mainly used outside of skyscrapers, bridges, nuclear
power plants and pipelines, for examining surfaces of gas and petroleum tanks, platforms in
seas, for non-destructive experiments in industrial sectors, in planes or big ships, also these
are used in the construction of buildings, repairing and maintenance of them, furthermore in
firefighting situations, in counter-terrorists activities, in the improvement of working in
skyscrapers, for wall cleaning of buildings, restaurants, surveillance and intelligence
activities in urban areas. At last, these are also used within education and human welfare
activities.
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In this paper, we present the design, fabrication and testing of a miniature, wall
mounting mechanism, that uses Veroboard as body material and a completely different
approach in wall climbing techniques than those other techniques employed in robots.
Consequently, this new bot is more efficient. The bot operates by the management of two
programmable microcontrollers and is powered by a 3000 Mah Lithium-lon Battery, creating
the robot whole active. The robot can work on information acquisition purposes and
surveillance purposes. We have used the TCS3200 colour sensor and RGB LED lights to
change the colour of the body and made it like a camouflage bot.

VI.COMPONENTS USED

ARDUINO UNO

L298N MOTOR DRIVER
ESP32 CAM Microcontroller
3000 Mah Li-ion Battery
2200KV BLDC Motor
9-volt DC Motor

30A ESC

Servo Controller

9. TCS3200 colour sensor
10. RGB LED lights

11. Wires

12. Veroboard

13. Wheels

ONoa~wWNE

VIl. METHODOLOGY
The steps involved in the building of this robot are as follows:

1. To develop an appropriate program in the ESP32 CAM module to interact with the WI-FI
controller.

2. To build the whole circuit of the robot.

3. To rotate the propeller to create a vacuum underneath the robot and create drag force to
hold the robot on a horizontal surface.

4. To build a circuit using Arduino Uno, TCS3200 colour sensor and RGB LED lights to
change the colour of the body as per the surroundings.

5. To produce a wall climbing camouflage Surveillance Robot that is controlled by an

Android smartphone W-FI controller Application which can be used in various fields like
surveillance, defence, scientific experiments and so on.
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BLOCK DIAGRAMS

1. Block Diagram of Movement part of Robot

Lithium-ion

Battery

ESP32 CAM

[ Motor Driver

Figure 1: Block Diagram of Movement part of Robot

Here is the Block diagram for this Wi-Fi Controller car part of the robot Using the

Esp32 CAM microcontroller. We will control the four 9-volt DC motors via the L298N
motor driver. We used L298N. When the W-FI module inside the ESP32 receives digital
data, the ESP32 converts it into analog data and gives voltage to the motor driver pins and
through the motor driver the motors get powered and move as per instructions.

2. Block Diagram of speed controlling of BLDC Motor

Electronic
C
JEMVO Speed

Controller Controller

Figure 2: Block Diagram of speed controlling part of BLDC Motor
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The battery is connected to the servo controller. The BLDC motor is rotated and

controlled via the ESC module, and the BLDC Motor’s rotation speed is controlled via the
Servo controller.

3. Block Diagram of Colour Sensing Part:

- ﬁ

I RGE LED

Figure 3: Block Diagram of Colour Sensing Part:

From the block diagram, we can see that the photodiodes of the TCS3200 colour
sensor sense the light's intensity and measure the light's wavelength. The data is given to

the Arduino Uno microcontroller and as per the coding the output ports of the Arduino
Uno get power and the RGB LED light starts emitting light.

4. Circuit Analysis:

Figure 4: Circuit Diagram of Movement Part of Robot

Here is the circuit diagram for this Wi-Fi Controller car part of the bot using
ESP32 CAM microcontroller. we are going to control the four 9-volt DC motors via
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L298N motor Driver. We have used L298N. The motor driver is a highly powered and
robust motor driver capable of running at 5V to 35V DC Motor at a cost of 25W. We
have used a five hundred revolutions per minute 9-volt DC Motor for this project. The
most microcontroller is the ESP32 CAM module that controls the complete circuit and
bot. we have connected the battery to the L298N Motor Driver power supply input. Then
we connected all six inputs of L298N to ESP32, D3, D4, D7, D8, D5 & D6 Pins. supply
5V to ESP32 CAM module through L298N 5V Pin. Connected the o/p pins of L298N
four 9-volt DC motors.

Figure 5: Circuit Diagram of Colour Sensing Part:

From the circuit diagram, we can see that the photodiodes of the TCS3200 colour
sensor sense the light's intensity and measure the light's wavelength. The data is given to
the Arduino Uno microcontroller and as per the coding the output ports of the Arduino
Uno get voltage and the RGB LED light starts emitting light.

IX.RESULTS

A recurring problem with the operation of the robot was the polycarbonate frame,
which deformed during movement. For the complex design of the chassis, backlash
vibrations at the joint connecting the elements sometimes tend to deform. When climbing an
almost vertical wall, the momentum caused by body weight caused structural reforms in the
chassis that blocked the suction chamber from touching the wall surface directly and creating
suction.

The second important problem observed was the deformation of the bot’s own suction
chamber when shifting the robot's weight. Using plywood would help the Frame
perpendicular to the surface and direct guidance of the sinker, which prevents the frame edge
from getting caught on the surface prematurely.

Research is ongoing to effectively improve the bot's ability to climb on smoother
surfaces in all planes. In other test fields, performance qualities are determined, including the
maximum movement speed of the robot at different wall positions, the maximum load
capability and lowering power consumption. In future, a touch or light sensor will be added
to the bot to detect the presence of walls.
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The colour-sensing part is working successfully. The TCS3200 Colour Sensor is
detecting three colours Red, Green and Blue. And the surrounding colour, the RGB LED
lights are emitting the three colours.

Table 1: Observation Table

Port Command Motor Output
(ESP32)
Without With

Command Command
Vin Vout | Vin Vout

3 Right Reverse 0.01v 0.01v | 9.89v | 9.76v
4 Right Forward 0.01v 0.01v | 9.79v | 9.70v
7 Left Reverse 0.01v 0.01v | 9.95v | 9.91v
8 Left Forward 0.01v 0.01v | 9.88v | 9.76v

From the above table, we can observe that when no command is given, the motors do
not get powered, which means there is no leakage voltage flowing and when we are giving
commands the motors are getting powered and the difference between an input voltage and
output voltage is minimum so, we can observe the circuit is well designed and the voltage loss
is minimum, and the motors are working up to expectations.

X. APPLICATIONS AND FUTURE SCOPE OF THE PROJECT

The bot can be used as a surveillance bot.

The bot can be used for surveillance where humans cannot travel.

Mini autonomous cars getting used for military purposes to destroy enemy territories.
Bots are getting used for stealth purposes.

N =

XI.CONCLUSION

This Wall climbing Bot is principally done by the suction method that is fruitful
below the air atmosphere, however, in places wherever gas pressure is very low or air-less
like space; a secondary technique for holding in a vertical plane like magnetic or adhesive
technique can be implemented. This bot had to be capable of being both strong and light at
the same time but making it stronger increased its weight and made it big and heavier. That’s
why the space between the suction chamber and ducted propeller has been designed and built
many times to make the body of the bot rigid as well as lighter. Presently, the Bot is
controlled using lower-range Wi-Fi for wireless communication. Because of that, the range to
regulate the bot is very limited. It's doable to extend the range by using GPS and satellite
technology to regulate the bot from very remote distances. In future, an associate degree arm-
like mechanism can be implemented to scavenge things. Many other utilities like, night
vision cameras, X-Ray cameras or fire extinguishers can be implemented for surveillance and
rescue actions. Al can be implemented in order that it will take some fast and instant calls by
itself in varied situations.
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