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Abstract—this paper gives the design & development of a multi-functional robot (MOB) for
military, mining applications and disaster rescue operations in the country in the form of the
development of a prototype. The country has invested a significant amount of money in the
defence sector to implement high-security, rudimentary security measures and protect the
border security forces from intruders in the modern day. In the defence sector, where robot
efficiency is far higher than that of human forces, certain companies use robotics. Multi-
operational Robots are essential in preventing human casualties and property damage during
disasters, armed conflict, and mining. As a result, it will become more significant in the next
era. The robot comprises of a mounted camera on a vehicle that takes pictures, then it sends
the captured images to the base operating station through the cloud, it is also able to
differentiate individuals using their body heat signatures along with gesture recognition. The
robot can quietly enter into the enemy area, deep underground mining areas, disaster zones and
send information via camera to the controller. The main motive of this paper is to make the
Defence stronger by using robots, which will help soldiers during war and disaster times to
safeguard human lives. This paper has proposed the system using the Arduino Raspberry pi,
metal detectors, gas sensors, IR avoidance sensor, PIR sensor, ultrasonic sensor, Light detector
sensor, GPS module which help the robot to do multi functionalities to do rescue operations.
The work that is being presented here is the development of a multi-functional robot that we
are doing for our final year undergraduate project in seventh & eight semester of our B.E.
programme and as such we are trying to bring out some novelty & contributory issues so that
it could be developed indigenously and used for military applications in our country.

Keywords—Robot, Bomb, Disposal, Security, Rescue, GPS location Tracking, Image
Processing, Cloud Communication, metal detection, obstacle avoidance, distance measuring,
trap indication, temperature sensing, Gesture recognizing, light sensing & detection.
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I INTRODUCTION REMARKS

Robots are mechanical machines that can carry out challenging and sophisticated activities both
autonomously and in response to commands. As a result of the current era's rapid advancement
in technology, it is acceptable to utilise robots rather than humans to carry out specific activities
because they can carry out more difficult tasks, be transferred to locations where humans are
unable to go, and carry out duties more effectively [1].

The country has invested a significant amount of money in the defence sector to implement
low-tech, high-security measures in the current periodand safeguard the border security forces
from trespassers. Some defence organizations utilize robotics in the defensee fields where the
robot’s efficiency is very high when compared to the human forces. Multi-operational robot
plays a vital role in saving human losses and damages that occur during disasters, war,
and mining. Thus, it will gain more importance in the upcoming era.

The robot consists of a vehicle which is mounted with a moving camera, which captures the
images, Sends the captured images to the base operating station through the cloud, it is also
able to differentiate individuals using facial recognition along with a laser defense
mechanism. The robot can quietly enter the enemy area, deep underground mining areas, and
disaster zones and send information thro’ camera device to the controllers. The main motive
of this project is to make the defence stronger by using robots, which will help soldiers during
war and disaster times to safeguard human lives. The work presented in this paper has the
design & development of a robotic system using the Arduino Raspberry pi, metal detectors,
smoke level sensors, ultrasonic sensor, LDR with a flashlight, and GPS module which
helps the robot to do multi functionalities to do rescue operations.

With multiple reported incidents of successful robot deployment in genuine crisis scenarios,
disaster robotics has grown into its own research topic. Aerial, ground, and underwater robotic
platforms are used in the majority of these catastrophe deployments. However, research on
autonomous boats or Unmanned Surface Vehicles (USVs) for Disaster Management (DM) is
now dispersed throughout various publications, with varying degrees of detail and focusing on
multiple unmanned vehicles—usually under the banner of Unmanned Marine Vessels (UMV).
As a result, the current significance of USVs in the DM process in its various phases remains
unclear [28].

The rescue robots are the robots that are designed to assist with human search and rescue. They
could help in rescue attempts by mapping, searching, removing rubbles, delivering the supplies,
providing medical treatment, or evacuating victims.Despite mixed results, rescue robots were
utilised in the after-math of the Sept’11 attacks, Fukushima Daiichi’s nuclear disaster, and the
2016 Amatrice earthquake. Several programmes, including TRADR and SHERPA, are
committed to improving rescue robot technology [2].

Every nation in the world has a strong advantage thanks to its defence system. One of the top
priorities for maintaining the security of the nation's economy, assets, priceless treasures, and
citizens' lives is to keep the country secure from enemies. Military robots are the most
necessary and modern equipment in the defence sector. Military robots are now thought to
represent the future of contemporary conflict. Military robotics, on the other hand, is thought
to be a game-changing technology that could alter the organisation and employment of armed
forces. The use of robots in the military is currently known to society. Military robots have
become more prevalent on the battlefield during the past ten years. These robots are used by
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the military for a variety of purposes, including transportation, enemy attack, disaster relief,

and civil supply. Robots are now deployed in many nations' defence systems in an effort to

gain superiority and move closer to the position of world supreme power [3].

After the September 11 attacks in New York, rescue robots were utilised in the search for

fatalities and survivors. Rescue robots were put to the test for the first time during the

September 11 terrorist attacks. They were tasked with searching the rubble for survivors and

bodies. The robots struggled to work in the World Trade Center wreckage, frequently becoming

trapped or broken. Many new ideas concerning rescue robots have emerged since then.

Engineers and scientists are attempting to transform the robots' forms, converting them from

wheels to no wheels. If search and rescue robots are to be widely used in less than 14 years,

strong government funding and support are required. This means that without government

assistance, technology for various apps [4].

The suggested model makes use of many sensors, including metal detectors, gas sensors, IR

sensors, ultrasonic sensors, PIR sensors, and IR sensors, for a variety of tasks because robots

are quick and their abilities, strengths, and computations are extremely effective. With the
advancement of technology, it is now possible to control robots wirelessly and from a distance.

This reduces the risk of human casualties during military operations such as surgical strikes

and defence. We were able to create a spy robot using the camouflage technique that could

transmit the precise position and pictures of intruders. The current method has some flaws,
such as noise in the channel of information transfer to the closest encampment which can be

avoided through the process of image recognition [5][29].

IL. LITERATURE REVIEW / WORK DONE BY VARIOUS AUTHORS

A number of authors have worked on various issues that are presented in this research topic.

To name a few of them are presented here in chronological sequence [6][30].

. Prem Kumar. M. presented a study that used a low power X-bee wireless sensor
network to offer a novel technique for locating trespassers. The robot then took action
against trespassers that it discovered while it was being watched, reducing human error
[7].

. AkashRavindran suggested a system that establishes Bluetooth communication
between the controller and Android. This system was created using a Bluetooth module
that was interfaced using the UART protocol. Through the use of an Android app, the
robot may be controlled [8].

. Hymavathi suggested a paper for connecting the X-bee and the creation of a
multifunctional robot using wireless technology; the model may be operated by using
a personal computer (PC), and it navigates through disaster zones and identifies the
enemy [9].

. Y adnikaWarang put forth a study on how to use a smartphone connected by Bluetooth
to create a robot with several functions and camouflage technologies. Additionally, it
is centred on robot safety and artificial intelligence [10] [27].

The next study will reveal how many warriors lose their lives each year protecting their nation.

The casualties were brought on by India's underdeveloped defence system. The Information

Bureau of the Ministry of Defence, Government of India, is the sole source of information used

in the study.

[11] [28]. Fig. 1 gives the different blocks that may be used for our proposed project work
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along with a typical 2-legged biped used for rescue operations in Fig. 2. Table 1 gives the list
of causalities.
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Fig. 1. Different blocks that may be used for our proposed project work [29]
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Fig. 2. A typtical 2-legged biped used for rescue operations

No | Year Causalities
1 2010 1000+
2 2011 1100+
3 2012 1200+
4 2013 1300+
5 2014 1400+
6 2015 1500+
7 2016 1600+
8 2017 1700+
9 2018 1800+
10 | 2019 1900+
11 2020 2000+
12 | 2021 2500+

III. BLOCK DIAGRAM GOING TO BE UTILIZED

In this section, we present the block-diagram of the proposed technique that is going to be
utilized for the design & development of the multi-functional robot that could be utilized for a
host of military approaches, this is shown in the Fig. 1. Defense robots are service robots of the
highest calibre that are used in times of conflict. They're typically created to enhance a soldier's
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current skills while keeping them as safe as possible. The utilization of Defence robots by the
military as a whole provides a tactical advantage.Military (defense) robots are mobile,
autonomous, or remote controlled automatic machines that are employed for military tasks like
attack, transportation, and search and rescue. Inspection, Security, Defense, and Surveillance -
Inspection, Security, Defense Robots are far more durable than the hobby- or educational-grade
versions of themselves. They are designed to withstand abuse and save lives by being exposed
to difficult or dangerous conditions that people would want to avoid [12].

Fig. 3. A typical military robof that couldBe used (similar in ’design) for defense purposes

Block

Diagram

Fig. 4. Proposed block — diagram for the development using the multi function bot for
military application

Fig. 5. One of the military robots that was designed by one of the authors of this paper, Dr.
T.C.Manjunath

IV.  HARDWARE & SOFTWARE THAT IS GOING TO BE USED

Fig. 3 gives a typical military robot that could be used (similar in design) for defense purposes.
Fig. 4 gives the proposed block — diagram for the development using the multi-functional bot
for military applications. Here, in this section, we present the different hardware components
& the software that are going to be utilized for the design of the m-bot [13] [26]. Fig. 5 gives
the pictorial view of one of the military robots that was designed by one of the authors of this
paper, Dr. T.C.Manjunath, also which appeared in newspaper cuttings shown in the Figs. 6 &
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Fig. 6. One of the military robots that was designed by one of the authros of this paper, Dr.
T.C.Manjunath that appeared in the Times of India newspaper

| ROBOT TO THE RESCUE |

An IIT research scholar and a few VJTI techies come together to develop an indigenous
mobile robot that promises to be a great help to the industry Nisha Prabhakaran reports

Fig. 7. One of the military robots that was designed by one of the authros of this paper, Dr.
T.C.Manjunath that appeared in the Times of India newspaper
A. Hardware Used for the Protype Development :

. Raspberry Pi Controller
. Ultrasonic Sensor

. Wi-fi modem

. IR Sensor

. PIR Sensor

. Metal Detector

. LED Indicator

. Gas Sensor

. Motor Driver & wheels
. Night-vision Camera
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. GPS Module

. Power Supply

. Battery level Indicator
. DC Motor

. Light detector sensor

. OLED display
. Mic & speaker

B. Software

. Embedded C

. Python

. MIT App Inventor
. Machine Learning

V. MAIN AIM OF THE RESEARCH PAPER

The main aim of this paper is to build Multi-operational Bot for information gathering in the
Defence system of India [24][25].

VI. RESEARCH OBJECTIVES

Here, we present the main objectives of the research paper that is going to be implemented as
a part of our final year BE (ECE) project work.

. To Transverse a robot in the war field, to recognize classified people and capture images
using a night vision camera and can transmit the status of the battle.

. To build a robot with the capability to perform missions remotely in the field without
endangering human lives and to help majorly in a rescue operation.

. To develop a GPS in the robot to locate people in disaster areas and get them medical
attention.

. To develop an image processing software & familiarize the system to recognize
people's gestures and provide necessary first aid.

. To develop an android application to control the wireless multi-operational bot and find

undiscovered places in mines where people cannot venture and gather information
about those places.

. To design a model which intimates the soldiers about the obstacle, traps, and the
distance from the location of the target.
. To build an alerting system in the robot to alert our soldiers from approaching hostile

enemies through the multi-operational robot.

VII. RESEARCH OBJECTIVES

We're outlining a method of using an android device's Wi-Fi for robot control. The android
application's controllers are made for controlling the robot's movements. The operation of these
controllers is specified by embedded C and Python programmes that are loaded onto the
Raspberry Pi and shown using a monitor connected to the Raspberry Pi. Switches, relays,
transistors, or MOSFET circuits can be used to turn DC motors "On" or "Off," with "Multi-
direction" control being the most basic type of motor control [14] [23].

The robot's location is determined using the GPS, which also transmits the coordinates of areas
with metal, barriers, and gases. To move the robot, dc motors and sensors are also used as
additional hardware components. Poisonous gas sensors, metal detectors, IR sensors for
detecting obstructions, PIR sensors for detecting movement of people or animals, and gas
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sensors for detecting toxic gases are all used.

Ultrasonic sensor is used to find the distance of the object or person in a certain proximity, a
light detector is used to sense light and find paths, Mic for the rescuers to report about the
casualty or wounded condition, Speaker to pass instructions to people in a dangerous situation,
etc [15] [22].

Image Processing and Communication
Module

e ) Raspberry Pi " web )
Laser F— “controller 1\ camera /

7 )
[ 1mage Recognition ,
| & Video Streaming

< Cloud -
Tce/P | Base-station

controller | ([ &ps Monitoring
|
‘ K location

Fig. 8. Development of IP & communication module

We use a Night-vision Camera for the detection of people and recognition of the soldiers who
are classified through masking of image and image processing through the cloud. The camera
displays real-time data that the user can process or watch on a monitor or smartphone. As data
is transmitted via the wi-fi module, it provides quick and precise data. It is extremely quick and
trustworthy. The Model has a section where a first aid kit can be stored for use in an emergency.
The monitor or a mobile phone can be used to control the robot's movement. The robot can
move in any direction depending on the situation in order to locate any dangerous residues in
the immediate area[16] [21].

Sensory Actuator
| Mk | L Uot |
Controller ,
System | Power
Supply

:
Image Processing and
Communication Module

Fig. 9. Development of the image processing & the communication module
The proposed methodology that you are going to adopt here to solve the problem has to be
presented in the form of a block-diagrammatic approach or the form of a flow chart or a
proposed algorithm with some explanations. We are proposing a system used for controlling
the robot using Wi-Fi via TCP/IP on the android device. The Android application's controllers
are made for controlling the robot's movements. The Python programme that is loaded into the
Raspberry Pi and shown on the monitor connected to the Raspberry Pi defines the operation in
these controllers. DC motors can be turned "On" or "Off," with "multi-direction" control being
the most basic type of motor control. The robot's location is determined using the GPS, which
also transmits the coordinates of areas with metal, barriers, and gases. To move the robot, DC
motors and sensors are also used as additional hardware components. Gas sensors are used to
measure the levels of gas in the environment, anmetal detecting device is utilized for the
sensing of the landmines and metal underground, an Ultrasonic sensor is used to find the
distance of the object or person in a certain proximity, and an LDR is used to sense light which
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turns on the light during the dark, Speaker to pass instructions to people in a dangerous

situation, etc.
[Sensory Unit

Metal
Detector

Ultrasonic Controller | Smoke
sensor ORETOLE Detector

¥

Temperature lashlight

sensor : L_.i“_od_‘]__‘

Fig. 10. Block diagarm for the sensing unit
We use a Webcam for the detection of people and recognition of the soldiers who are classified
through image processing from the cloud. The user's monitor or mobile phone can analyse or
display the real-time data that is displayed by the camera. If there is an unknown person
detected it fires a laser at the unknown entity. As data is transmitted via the wi-fi module, it

provides quick and precise data. It is highly dependable and quick.The Model is also provided
with a compartment to keep a first aid kit for emergency treatment purposes.

Humidity & [ LDR ‘
F

oY g
p ( Cloud. ) Actuator Unit
1 e = 4 ’
\ Speaker ‘ - N N Wheel
Se—— iy Motor | A Motor /
( Web \‘ + Controller Driver N— . Wheel
Camera F Circuit ” 8
L j () — J\¢ e \
—_— r \ jotor / .
( L\ {GPsModel N A
Power / - N
[ (RGB)LED ' |
»jljpll,‘/ \ Indicator | § Buzzer
Fig. 11. Block-diagram for the actuator unit

A mobile phone or an autonomous system can control the robot's movement. The robot can
move in any direction depending on the situation in order to locate any dangerous residues in
the immediate area.

A. Flow chart for face recognition
START
R
Camera ON
3 _ Trained
Data
Face Detection -
L
Yes Face
Laser OFF (< Reowiton W) 1, cor ON
3 E 2
Move Forward Mo‘ssag(* X
Control
Fig. 12. Block diagarm from the face recognition unit

B. Text-to-speech conversion
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START

Enter input
Message

$
GTTS
R 2
Speaker
L 2
Message Speech
R 2

SsTOoP

output

Flow chart for the text to speech conversion

Fig. 13.
C. Automatic Movement
START
¥
Motor ON [
GREEN LED mE)  Motor OFF
ON |
L 2 2
sTorP
FORWARD
D <
Obstacle detected: -
RED LED ON bt Obstacle not
& Message sent to ‘¢um SENSO = detected
control R S
SIOE FORWARD
¥
Direction
Change
R 2
FORWARD:
Green LED ON
Fig. 14. Block diagarm for the automatic movements
D. Design of the Sensory Unit
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2
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Fig. 15. Block diagram of the sensory unit

E. Developed prototype
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Fig. 16. Designed & developed protype as a part of the final year undergraduate
project work in the 8th semester

The sensory unit should detect the traps, obstacles, or hostile targets approaching. The
controller should obtain the data and process required operation from instructions of the human
controller. The camera should identify the target and provide assistance based on the gesture
of a comrade. The Mic and speaker should function like a walky - talky to provide further
instructions to people in dangerous situations. GPS module should provide the location of the
target, traps & obstacles around the prescribed area.
VIII. OUTCOME OF THE RESEARCH WORK
The sensory unit should detect the traps, obstacles, or hostile targets approaching. The
controller should obtain the data and process required operation from instructions of the human
controller. The camera should identify the target and provide assistance based on the gesture
of a comrade.The Mic and speaker should function like a walky-talky to provide further
instructions to people in dangerous situations. GPS module should provide the location of the
target, traps & obstacles around the prescribed area [17] [20].

Voltage Current Power in
Components Quantity | .
inV in mA mW
Raspbe
Poery 1 5 500 2500
Pi3Model B+
Ultrasonic
1 33 5 16.5
sensorHC- SR04
DHTTI1
Temperature & |1 5 2.5 12.5
Humidity Sensor
E18- D8ONK metal
1 5 2.5 12.5
sensor
LED’s 1 33 20 66
Relay module
1 33 20 66
Motor
Driver 1 12 800 9600
Smoke sensor
1 5 2.5 12.5
LDR 1 33 0.5 1.65
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Analog to Digital

converter 1 5 5 25
LEDstrip 1 33 20 66
Buzzer 1 33 0.5 1.65

IX. ADVANTAGES & APPLICATIONS

In this section, the advantages and applications of the research work that is taken up in this
paper is presented [18] [19].

A. Advantage

. Wireless controlling facility

. Surveillance module

. Navigation of the vehicle with the use of 4G tech

. It utilises mobile technology, which is practically ubiquitous

. It has no foundation of range and may be operated as far as a cell phone network.
. Safety and life-saving.

. Makes an activity safer and easier.

B. Applications

. A mission of military reconnaissance.

. Hotspot security and monitoring via wireless.

. Rescue and search efforts.

. Performing manoeuvres in a dangerous setting.

. Providing emergency treatment for people needing rescue.

. Identification of living souls during disasters.

. To have the ability to search through the external environment and identify fatalities,

hazardous subjects, or material.

X. CONCLUSIONS & FUTURE SCOPE

In this hardware-software based paper that Multi-Operational Robot (MOB) can be used in
Defence, Disaster Recovery, Hazardous environment, By using the cloud, we can transmit
commands and information to the nearby camp bases that are known, and it also detects any
gases that are present in the environment.It can provide emergency treatment to soldiers during
war times. It can help to pass the information on the battlefield & other terrains.By outfitting
and enhancing the sensors and their capabilities, as well as applying artificial intelligence and
machine learning to provide higher precision, we can improve the system, we can also make
the model gather aerial data by attaching Drone wings, we can also install self-charging
batteries and also provide security of information gathered, etc.

Fig. 17. Receiving the best project award in the IEEE fest (@ GSSIETW, receving the
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certificate & prize from the principal of GSSIETW, Mysore

Fig. 18. Students with the developed module in the IEEE techfest

| -
Fig. 19. Students with the developed module in the IEEE techfest
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