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ABSTRACT

This project involves the construction of an Obstacle Avoidance Robot; a fully automated
system developed to move while observing the existence of obstacles in a given territory. For
distance measurement, the robot employs an HC-SR04 ultrasonic sensor while the
microcontroller is an Arduino Uno for control and decision-making. BO geared motors can be
driven with speed and direction settings due to the integrated L298N motor driver in the system.
It is operated by a 9V battery, the algorithms to nip obstacles and to stop, back up and swerve
are gross but adequate.

The possibility of further development can be essentially seen in the versatility of the structure
and the mission-achieving algorithm of the obstacle avoiding robot; Therefore, the potential
future application of the current obstacle avoiding robot is for creating autonomous vehicles,
industrial automation systems and robotic exploration in risky terrains. PWM is implemented
to economize power used to control motors, jumper wires and a castor wheel guarantees
portability and easy assembling of the circuit.

This project lays the beginnings for a series of more complex projects dealing with robotics
and embedded systems showing how with rather inexpensive hardware and simple
programming one can achieve autonomous intelligent action. It demonstrates how it empowers
using machine learning for real-time decision-making and better perceiving obstacles to scaling

and integrating the device.
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ACRONYMS "

1. MCU: Microcontroller Unit

PWM: Pulse Width Modulation

IDE: Integrated Development Environment
I/0: Input/Output

DC: Direct Current

LiDAR: Light Detection and Ranging

GND: Ground

VCC: Voltage Common Collector (or Voltage at the Common Collector, indicating the
power supply for circuits)

© N v os W

9. AMR: Autonomous Mobile Robot
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10.

11.

12.

13.

14.

NOMENCLATURE
Arduino Uno (MCU): It is responsible for controlling signals from the sensors and
motor drivers apart from processing.

HC-SR04 (Ultrasonic Sensor): Ultrasonic sensor which is used to calculate distance
with objects surrounding it.

L298N (Motor Driver): An H-bridge motor driver was employed also in this design to
manage the direction as well as the velocity of the two DC motors on the robot design
with a comparable pace.

PWM (Pulse Width Modulation): A method by which the speed of a motor is regulated
by changing the duration of the pulse signal in contact with the motor.

GPIO (General Purpose Input/Output): The ports on the Arduino board that one
employed when passing signals to or from different devices.

VCC (Voltage Common Collector): The pin used for providing power to a component
to which usually a positive voltage is connected.

GND (Ground): The phase from which voltage is measured and the electrical current
return path..

Castor Wheel: A spinning wheel with no load and ensured the balancing of the robot.

PWM Frequency: The frequency at which the pulse width modulated signal is
transmitted so as to regulate the speed of the motor.

Echo Pin: The hardware pin that points out that the ultrasonic wave reflected off the
object has been detected.

Obstacle Avoidance: The process through which the robot actually identifies and avoids
any obstacle that is in front of it. \ '

Distance Measurement: An elaborate procedure in determining the proximity of the
robot from an object by using ultrasonic sensors.

Backwards Motion: The actual motion of the robot reversing possibly to assist in
recalibration of where it is situated next to Path Planning.

Motor Driver Circuit: A circuit that has the ability to control both speed and direction
necessary for motion into the required path of the robot.

- Obstacle Detection Logic: a software-based logic which determines when an obstacle

is seen and how the robot has to behave.

- Proportional Turn: A rotational apparatus that changes the angle and the turning rate

depending on a specific signal.

- Autonomous Navigation: The use of the sensors in cnabling the robot to move in its

environment through a set of predetermined instructions without assistance from its

owner.
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CHAPTER |: INTRODUCTION

The Obstacle Avoidance Robot is a complete system involved in avoiding obstacles on its path
using the advanced ultrasonic sensors, This project achieves the use of mccghanics pand
clectronies putting together mechanical components, circuits, and code to illustrate the
application ol robotics and embedded systems. Successfully sclf-mobile, the robot stands as
one ol the essential base models for the application area that involves the use of self-driving
technologics such as self=driving cars, self-automated factories, and space explorations.

The fundamentals of this system are the Arduino Uno, an MCU that collects data from the HC-
SRO4 Ultrasonic Sensor to identify obstacles by computing distances from reflected sound
waves. 1fan obstacle is present within the set distance range, the Arduino analyses this signal
and gives control signals to the 298N Motor Driver Board to stop, reverse, and turn the robot
from the side to avoid the obstacle. The robot takes a 9V battery for power and it has a
movement option of BO Geared Motors whose wheel diameter is 65mm. A castor wheel is also
provided for stability during movement of the equipment. In the control strategy, PWM is
utilized for velocity control to produce efficient energy consumption. The design is fully
modular, meaning that the parts are all interconnected using jumper wires to facilitate easy

construction.

This project also looks at the working of the ultrasonic sensor which works by emitting
ultrasound waves and calculates the time taken for the wave to be reflected. It is converted into
distance thus making the robot in a position to make decisions on the time that has been

ance robot depend on a program that is fixed in

converted. The operations of the obstacle avoid
advance and uploaded to the Arduino Uno using the Integrated Development Environment

(IDE). The code tells the robot to always send ultrasonic waves, receive distances, and perform
a number of movements all in relation to the sensors. This project does more than provide the
basic understanding of robotics; it prepares the way for adding other aspects like machine
learning to provide even better direction and determinations. This robot is a good example of
how expensive computational and control systems are not necessary for satisfying and
intelligent autonomy provided cost-cffective components are designed and programmed

effectively.




CHAPTER 2: LITERATURE SURVEY

Obstacle avoidance robots are widely researched due to their real-world applicability in th v
of automation and robotics and self-navigation. The existing technologies methodo);o"iese : S(C]
applications relevant to the development and nature of such robots a’re presentec? in’ tl:]is

literature survey.

2.1. Ultrasonic Sensor Technology

For example, small ultrasonic sensors such as the HC-SR04 are preferred in building obstacle
avoidance robots because of the parameters of high accuracy, low cost and non-contact range
detection. These sensors function through production of ultrasonic waves, the time taken for
the wave reflected back to the same transducer to be computed so as to facilitate computation
of distances. Studies show that the HC SR04 module has a range of 2 cm to 400 cm and
maximum accuracy of +/ - 3mm suggested for short range use only. Such technology is
especially suitable in environments which need real-time ability to determine presence of

obstacles.
2.2. Microcontroller Based Control System

Many tiny computers like Arduino Uno are used in obstacle avoidance robots for data analysis
and motor control. Research has proved the Arduino Uno to be very useful because of its open-
source characteristics, easy to code and adequate I/O channels to interface with sensors and
motors. This is made even easier by the fact that it supports Integrated Development

Environment (IDE).

2.3. Motor Driver Circuits

1.298N motor driver board is most commonly used for modulating velocity and direction of
DC motors in robotic systems. A search on H-Bridge circuits the L298N uses stresses their
versatility in bidirectional motor control. Technique such as Pulse Width Modulation (PWM)
is understood as a significant strategy of managing the speed of a motors utilized in shifting the
motion of robots depending on the obstacles encountered.

2.4. Applications and Significance

Obstacle avoidance robots are basic models for more complex applications of robotic systems
for self-driving cars, robotic manufacturing processes, and robotics used in extreme conditions.
Research shows that these robots reduce risks and enhance performance by avoiding contact

and mapping the environment on their own.

2.5. Limitations and Future Directions:

Ultrasonic sensors with microcontroller-based systems are also efficient and the research
reveals deficiencies in the method of identifying reflective or translucent objects. Future work
recommends the use of machine learning with improved obstacle detection elements, including
LiDAR or vision-based sensors to provide appropriate decision making,

'hhis survey gives a rather sound ground for the development of the obstacle avoidance robot
that is based on the integration of the known technologies and enables defining further

Possibilitics and directions in the given spherc.
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CHAPTER 32 Components Usen
Tahle of Components Usad in this Project: .
S I
Component Name Quantity
Arduino Uno |
1. 208N Motor Deiver Boand 1
HO-SRO4 Ultrasonie Sensor 3

BO Geaved Motor with Wheels

2

(1\&:\\ Wheels |

;);' T\nttcry 2

>0n~0 (' Switch |
_:i/\-lrlinpcr \\; iros 7 13

“R_I“')wl‘rinrtéd Clmssfs |

Table 1. Components Required

J.L Arduine Uno

The Arduino Uno is a microcontroller board based on the ATmega328P, designed for easy
progeamming and prototyping. 1t has 14 digital 1/O pins (6 for PWM) and 6 analog inputs,
enabling the control of motors and sensors, The board is programmable through the Arduino
IDE using 0 USH eable and operates on 3V logie, lts simplicity, altordability, and open-source
nture make it ideal for smallsseale robotics projects like obstacle avoidance robots, [tprocesses
sensor data from the HC=SROA and provides instructions to the motor driver board, enabling

real-time deciston=muaking,
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Figure 1. Arduino Uno

3.2. L298N Motor Driver Board .

The L298N is a dual H-Bridge motor driver that controls the speed and dircf:tnon of two DC
motors. It supports motor voltages between 5V and 35V and a peak current of -ZA.per chaqnel.
Using PWM signals from the Arduino, the L298N regulates motor specd, while its H-Bridge
configuration allows forward and backward motion. This module is compact and Featurc-s
onboard heatsinks for thermal management. Its ability to control two motors independently is
critical for navigation and obstacle avoidance in the robot.
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3.3. HC-SR04 Ultrasonic Sensor

The HC-SRO04 ultrasonic sensor mecasures distances ranging from 2 to 4 i
accuracy of:tB.mm. It emits ultrasonic waves via a transmitter and (im l(: 0?1 i e takon
for their rcﬂcc-uon to return. The Arduino uses this time to coln[;utc tcl?cccljli:t:: t f tml;e relon.
This sensor 1s rehal?lc, cost-cffective, and ideal for detectin obstaclecse i(:l C,dStaCIC'S‘
environments. Its data is essential for the robot to avoid collisions bygsteering clear ofdi;?:c;?elj

objects.

RECEIVER ——
- Raflected signal

Distonce
Figure 3. Ultrasonic Sensor with its working

3.4. BO Geared Motor with Wheels
BO geared motors are lightweight DC motors equipped with internal gearboxes for high torque
and low speed. They are available in various RPM ratings, making them suitable for precise
movement in small robots. These motors are paired with 65mm rubber-grip wheels for traction
and stability. The high torque enables the robot to navigate different terrains, while the wheels
ensure smooth movement. These motors work in conjunction with the L298N motor driver for

directional cont_rol.

Figure 4. BO Geared Motor Wheels

3.5. Castor Wheel
The castor wheel acts as a support wheel to stabilize the robot’s chassis and allow

multidirectional movement. Positioned at the rear of the robot, it reduces friction while turning

N
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or changing dircction. Its low weight and durable

. build m i ;
o smooth operation without interfering with (} ke it suitable for small robots,

cnsurin 1€ powered wheels,

3.6. 9V Battery

A 9V battery powcrs the Arduino Uno and motor driver ensuring uni

the robot. It provides a convenient and portable power sou’rcc.withbsspflm-crrum"d operation of
the sensors, motors, and microcontroller. A battery connector simpliﬁi:csl(;n: VOl,m-gc o support
compact size allows for casy placement within the robot chassis. niegration, while its

3.7. On-Off Switch

The on-off switch provides & S"f‘p'e way to control the power supply to the robot. It allows
users to start or stop the robot without disconnecting the battery. This enhances usability and
ensures energy conservation when the robot is not in use.

3.8. Jumper Wires
Jumper wires are used to establish electrical connections between components on a breadboard

or directly to the Arduino. They come in male-to-male, female-to-male, and female-to-female
configurations, providing flexibility in connecting pins. These wires facilitate quick
prototyping without soldering, making them essential for projects like the obstacle avoidance

robot.

3.9. 3D Printed Chassis A 3D printed chassis gives a lightweight and rigid structure along
with an opportunity to customize it according to need. This section is supposed to embrace all
subsystems within the Arduino, motor driver, selected sensors, and a battery. They have also
provided some slots and mounts on the basis of their designs to have chassis where the motors,

castor wheel and wires can be locked and placed. Applying 3D printing increases accuracy and,
if required, plane changes to fit the project requirements can be made quickly. The sleek and
well-fit structure improves on the sturdiness and the appearance of the robot. ‘




CHAPTER 4: HARDWARDE ASSEMBLY AND CONSTRUCTION

——————— i

B Wal o iy . R
4.1 Assembly of Components for Obstacle Avoidance Robot:

fhis part should (‘;_\'pl‘:lllll h(;w l:wl \:{}':i'f)‘}s parts mentioned carlier are physically incorporated
into the C(‘\lllt‘.\'( oi‘t.l}c :*o [)‘(;\ f\im. t u.lif, '(.)l(: it ‘should cover matters concerning motor fixing, the
ccnsor fiNing. the fixing of 'f ll‘lil?. . lfll}g. ol.n motor driver and other peripherals on the Chz’lssis
) pihe robot. It may contain procedun Cb. for or‘lcntmg parts to function correctly, ways ofmakin

0 connections safe and proper placing of the robot design layout so as not to experiencg

¢ .
u:“hlcms like interferences by parts.
proble

42 Arduino Uno Pin Conncctions:
pPin 4 (MLa): Connect to Motor A (Left) motor driver control pin.

. Pin 5 (MLD): Connect to Motor B (Left) motor driver control pin.

Pin 6 (MRa): Connect to Motor A (Right) motor driver control pin.

Pin 7 (MRDb): Connect to Motor B (Right) motor driver control pin.d

Pin 8 (EchoPin): Connect to Echo Pin of HC-SR04 Ultrasonic Sensor (North).

Pin 9 (TrigPin): Connect to Trig Pin of HC-SR04 Ultrasonic Sensor (North).

Pin 10 (EchoPinNE): Connect to Echo Pin of HC-SR04 Ultrasonic Sensor (North-East).
Pin 11 (TrigPinNE): Connect to Trig Pin of HC-SR04 Ultrasonic Sensor (North-East).
Pin 12 (EchoPinNW): Connect to Echo Pin of HC-SR04 Ultrasonic Sensor (North-West).

Pin 13 (TrigPinNW): Connect to Trig Pin of HC-SR04 Ultrasonic Sensor (North-West).

43. L298N Motor Driver Board Pin Connections:

. IN1 (Motor A Forward): Connect to Pin 4 (MLa) on Arduino.

. IN2 (Motor A Backward): Connect to Pin 5 (MLb) on Arduino.

+  IN3 (Motor B Forward): Connect to Pin 6 (MRa) on Arduino.

. IN4 (Motor B Backward): Connect to Pin 7 (MRb) on Arduino.

*  ENA (Motor A Enable): Connect to 5V pin on Arduino for enabling the left motor.

*  ENB (Motor B Enable): Connect to 5V pin on Arduino for enabling the right motor.
VCC: Connect to 9V Battery for motor power.

GND: Connect to GND on Arduino.

A ———
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o HC-SR04 Ultrasonic Sensor Conncetig
m ns:

r the three ultrasonic sensors, the Connectiong
S Aare g

HC-SR04 (North):

S followsg:

Fo

Trig Pin: Conncct to Pin 9 ('I‘rigl)i.o on Ardyi
ino,
Echo Pin: Conncct to Pin 8 (EchoPin) on Arduj
no.

HC-SR04 (North-East):

Trig Pin: Connect to Pin 11 (TrigPinNE) on Arduino,
Echo Pin: Connect to Pin 10 (EchoPinNE) on Arduino.
HC-SR04 (North-West):

Trig Pin: Connect to Pin 13 (TrigPinNW) on Arduino.
Echo Pin: Connect to Pin 12 (EchoPinNVV) on Arduino.

4.5. Power Connections:

. Cubed together: Thi§ means connecting the positive terminals of both 9V batteries
together and also the negative terminals of both batteries together.
. Positive Terminal: Connect this combined positive terminal to the Vin pin of the
Arduino Uno (through the power port).
. Negative Terminal: Connect this combined negative terminal to both the GND pin on
the Arduino and the GND pin on the L298N motor driver.

DC L238N DRIVE
(8-36) OLT

Figure 6. Circuit Diagram and Connections
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IAPTER 5. Workineg Or Monbg,

3.1 Obstacle Avoidance in the Obstacle Avoiding Rolot
.1 )0

«acle avoiding robot is an AM .

.smcmi vime obstacles and WO%_"CVLIOPC(I lo move in its operational environment hil

1g Tes avoiding them, To obtain the aforementio d ‘E(}n o6 lhc
¢ ned capabilitics the

incorpomtgs'tthfollowing key components: ultrasonic sens i ‘
S ors. fmd an i;\r uino Uno controlle.r. The robot’s working can be d(i)\:isc’lezél rin(t)tor dflV?l’, DC’
,-ecogn‘“on 9{ the environment, planning and selection of response approach nto Sc;vera steps:
movcmcnt sianals. pp es, and control of

< 2. Obstacle Detection:

The ob
detectl!
g)-_ctcm

The rogote l:)SFtShg:;eies I:g;ls)lg); nu:tgosr?zl&sil;)orsﬁ each mounted at different positions on the
robot: On S orth), the other is at the North East and the third

West. Each sensor measures di : astanc Lae e one
faces North " Istance from any object by sending audible signals
0 the form of pulse 8(61 waves that will be.traced back by persons or objects in its path. The time
it takes for the sound waves to return is measured and converted into a distance using the
ﬁ)rmula:

Distance = Duration X 58.2

puration is the time taken for the sound wave to travel to the object and back.

Since the sounq travels to the ?bstacle and back, the formula divides the total time by 2 to get
the one-way distance. The minimum distance is typically set around 15 cm in the code,
meaning if any sensor detects an object within 15 cm, the robot will consider it as an obstacle

and initiate avoidance behavior.

5.3. Obstacle Avoidance Strategy:

When there is an obstacle in front of the robot (the ultrasonic sensor returns a value smaller
than 15 cm), the system action to avoid it is to stop for a while, turn backward for a short
distance, and then turn around to search for a path. In the avoidance process one is supposed to
check the sensors in the North-East and North-West direction.

1. Moving Forward:
Firstly, the robot goes straight. Arduino constantly reads distance values that are received from
ultrasonic sensors all the time. Again, if all the distances from the forward-facing sensor, North-
East Sensor and the North-West Sensor are more than 15 cm the robot continues to move

forward.

2. Obstacle Detection:
Ifthe distance becomes less than 15 cm, it means that there is an obstacle in front of the robot

-any of the detectors is set to alarm — then the forward movement is stopped. The robot then
Withdraws a little backward by taking a small step to create more space for it to move in and to

€lp it to capture a better view of the environment.



3, Scanning and _*

kup, the rob ;
AfieT the ba\i’ Slt), Ultraso Ot navigates (e Surroun; P
an North-West LJIrasonic sensors, A g constr "8s lorwarding
{ .Onswhether to turn lefl or to typp wstructed from (e

ocisl .
dec™  North-West has more availab]e sp

n r N
[ast O ace, the roboy

I'ns toward that side.

< 4 Working of void loop in the Coqe:
A,

Void loop() function is the most important functi :
avoidance robot. It also patrols the environmep by conti
ic sensors and makes decisions jn Y eon

down of the working of void loop() for

ak
bre and North-West):

East,
Step 1: Distance Read by Ultrasonic Sensors

The void loop () begins with the call to the function

§ensors; North,gor:f;}-lE?t,.an; North-West. These sensors determine the distance between the
robot ar.ld any object that is in front ofthem by continuously emitting ultrasonic waves and then
measuring the amount of time it takes for the pulses to get back.

get Distance() for the three ultrasonic

. North Sensor (Front): This sensor is positioned to detect obstacles directly in front of
the robot.

. North-'East Sensor: This sensor is angled to detect obstacles at a 45-degree angle to
the robot’s right. ~

+  North-West Sensor: This sensor is angled to detect obstacles at a 45-degree angle to
the robot’s left.

Each sensor sends a pulse, and the time it takes for the pulse to return is converted into a
distance value using the standard formula. This formula calculates the one-way distance based
on the time of flight of the ultrasonic pulse. These distance values are then stored in the
variables distance Front, distance NE, and distance NW.

Step 2: Obstacle Detection

Following the data acquisition from the three ultrasonic sensors, the program processes the
distance values and scans whether any of the distances is below a defined minimum value
which s usually 15 cm depending on the application. If the distance is smaller than this
threshold, it means that there is an object in front of the robot which will force the robot to halt,
then reverse and do another scan.» If all the sensors detect distances above 15 cm the robot
"mains to move forward.- Ifthe from See days_distance distanceFront is lessthan 15 {‘Tom an
Object, the robot will halt and then go back one gtep in order to increase the scanning distance.
“never the robot starts backing up it makes another check on both the North-Eastand the
~Orth- Wegt sensors to determine which way to turn.hecks il any of the ‘dnstan.ces are below a
Predefine threshold, typically 15 cm (you can adjust this as needed). If the distance




o

»r than this thres PR e —
i smaller thn l shold, it ndicates (), Teg
i will trigeet the robot to Stop, back up, ang rlc ESenee of gy obstacle

. If all sensors report distane
t‘or\\'{ll‘d-

in front of the robot, and
. Hcrc"s'. how it works

CS preage, :
Breateg ‘than 5 cm, the
’

robot continues to move
>y - e
. If the front sensoy (distance

Front)
. deteetg
ctops moving and then takes g bac Pouu

kward step to

. After backing up, the robot re-chee
decide which dircction to turn, ks the North

an ohgt

acle (djs \ -
allow mq (distance < I5 em), the robot

Ie space for SCanning,
-East an( North-West Sensors to
Step 3¢ Backward Motion and Re-scan

ent an obstacle is spotted | th
The momen ! Y the front senso, the robot shifts’
o pes ; shifts bac i
moyement 1S by lelsfl;\% the L§98N motor driver thay Stops the motors arl:iV ?tr]:;]Tr:lvsetr): Csk rlllar'd
direction for som q thsecobn s (appr OXimately 500ms). The rationale for this movemeer:lt is Z]c:
that the space around the robot can be Scanned again to enapje a proper decisi hen i
to the direction to take. per decision when it comes

Step 4: Scanning for Clear Path

Upon backward movement, the robot halts and Scans only the environment with the help of NE
and NW ultrasonic sensors again. These facilitate helping the robot decj

open to allow it to turn to which side in a bid to avoid the obstacle. If the North-East sensor
differences with the North-West sensor Suggest that the latter has seen more space, the robot
will turn right in the direction of North-East. If the North-West sensor provides a greater
number of space than the North-East sensor, the robot will then move left (in North-West
direction). If both directions have nearly equal amounts of space the robot may turn in either
direction depending on the implantation or turn in proportion to the amount of space provided.
These sensors help the robot determine if there Is more space to the left or rightand which
direction it should turn to avoid the obstacle.

*  Ifthe North-East sensor detects more space than the North-West sensor, the robot
will tumn right (towards the North-East direction).

*  Ifthe North-West sensor detects more space than the North-East sensor, the robot
will turn left (towards the North-West direction).

* Ifboth directions have roughly equal space, the robot might.turn in either direction
on the implementation or turn proportionally based on the available space.

Step 5; Turning

This robot uses the motor driver (L298N) to take control of the motors and as well as perform
:be . Instead, it controls the power supplied to the motors, an aspect that makes the mbOt
U in the required direction. The turn is dependent upon the amount of.space.toward which it
ISIuming, that is, (he robot will turn through a greater angle if less space is available or through

aSma| s o
ler angle if more is available.
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rurn (it North-West is cleare ): The robot wilj move (e right motor forward and the
eft r backward (o rotate lefy,
or b

.

|L:ﬁ mot

Resuming Forward Motion
. (,: N
step

. turned, the robot continues o move ang of course scang the new environment for
. h . - Qo

\fler it A sles. The void loop() repeags SO that

o obstacles.

e 0

1€ robot is ip formed of new obstacles as they
mo d is able to avoid them uccorclingly_
e, and 18 ¢
orags ¢
emels

e process of detecting obstacles, b

The c"“r&l\-witchcd on and hence making
~ robOL IS 5

the I

acking up, scanning
the robot move on it

and turning is done as long as
S own,
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CHAPTER 7: C
- CONCLy
SION A

: ITURE
Concluston TURE Scopg

7.l : :
. this mmozi p_rOJCBt. I'have been gpje ¢
. 1 0 ic
o | sing an ?{h : nrc:) Uno, motor L29gN drii:/clm,vc my
i y goal © tt : ch-t 'S to ensure tha thccr e
M ment to avoid in order ¢ aut
viro Cr to reach j ono
he en TP ch its
{ thus allowing it to move around the e%lof‘l- The robot compri
vironme rises severs
nt and m eral sensors and
a

mOt - f > lle 1
the SCﬂSOl’S. 1 ultrasomc sensors
0 r positioned to f:':lCe fi
orward NOI‘[h E
b = ast, and North-

Outp“‘ favorable for the robot since th
n of the obstacle in all directionsey Widen its field of visi
] on and thus im
prove the

aim and by
uild a
o2 Ul 1ld an obstacle avoi
idz
Mous r()it%()()tn.lc Sensors. As a rcsu]tdrzﬁz
identifies obstacles wi’thin

qitio

reasons and comes up with the best

deciSiOnS .
depending on the available space and other ob;
opjects.

Jecisions
1 is equipped with Ardui
C::)m;?lmoto? c}cj)lljltrol and enerCI,I;IOCIOJ:o boafd, while L298N motor module i
des the robot efficient dist sumption. The incorporation of th i employed Yor
rovie boocts in its path Thls ance measurements, thus allowing th e Eltrasomc Sensors
4 C O - . b) e
d)namfl h . bot t }I: € §ucces§ihl completion of these compo robot to respond to
goal of the TO o achieve mob‘lle navigation all on its own, und St nents proves the overall
of robotic movement and sensorial decision making , understanding the fundamentals
b.

1.2. Future Scope

The current configuration and organizati ile suffi ff
on, while sufficient to offer a practical means of
o ) a practical
fach;;vu;g minimal obstacle avoidance, leaves ample room for improvement and improvemsent
in robotic performance. One of the future improvemen uld be witch totally from
: ts could be to tch
Arduino to Raspberry Pi 5 (8GB it wi on p iy an
ram) as it will offer more computational i
. : / ower, inst
memory and space for implementing more algorithms such as ML and Fuzzy logic t
o *

72.1. What we can Do with Raspberry Pi 5 (§GB RAM)

The . )

pow:ﬁ;zber}rly Pi5 .Wthh has 8GB RAM provides significant improvement in processing

LmOdeln the Arduino. This would allow for higher powered algorithms and the associated
i s to be executed directly on the robot, greatly improving its prims and sophisticated

ision ‘ agees : i
making abilities. Moreover, the computation ability of the Raspberry Pi indicates it

@n perfor
. m other complicated processes like image processing, data analysis in real-time,

Which is very :
Incor very important in terrain classification.
Porating .
mputali;?]glthe Raspberry Pi 5, the robot will not be constrained
i al platform of the Arduino. It will be able to perform Python based ML models,

uSlng

| the 1 . . L E e
te"ains, T::Prar Ies like TensorFlow or PyTorch for image analysis for classification and
i is will make it easier for the robot tO understand changes in conditions in its

Snyip,
on o
Ment with better precision.

again to the constrained



Integrati : 3
Modlﬂe- gration for Terrain Classification

l;iréi?;;:fl;\;gg ulld I"J[c flonc to the robot we should mention the camera,
amp |rr0undin0‘the rol;)e.‘ .hls car‘ncm can be used to provide real time images
/ ; irOﬂmen,t St = ot, images that can be used to categorise the kind of
of eClassiﬁCatlon of terrali LYpSs such as grass, mud, gravel, and concrete will enable the
er decisions for right !)ath, right speed and right turning. There are two options

(his ~ the us€ of 1mage processing algorithm§ or deep learning models that constantly
m the camera into the Raspberry Pi so that the robot is aware of the different

¢ datd fro - . -
and charactenstlcs of'the area it is operating in.
\ llrfa . M .
g Logic to Support the Trip on Dynamically Changing Terrains

moﬂg le aspbel'l‘)’

7'3'3_ Fuzz)
oing to be @ part of our .control strategy to help the robot make decisions where
R tion ma be either vague or incomplete. While binary decision-making is common, in
o™ work of fuZzy logic, inputs are valued from a set of continuous variables, and outputs
valued. This will be particularly useful whenever the robot is faced with various
Id range from smooth to rough, or flat and irregular.« If the robot interprets
eives a grassy environment, it may slow down its pace sO that it is
;:i orand subsequently, tweak its ability to turn on its axis so as to handle the looser, unstable
® d. For instance when moving on surfaces such as mud or gravel, then the speed will have
wer with high accuracy of turning to avoid sliding.» That is why for concrete, if
me—surface is smooth and firm enough the robot can go at full speed and rarely change its
dule, such as the Raspberry Pi Camera Module. This camera can be used to

furning strategy.o.
capture real-time 1Mages of the. robot’s.surroundings, which can then be processed to classify
ihe terrain. The ability to classify terrain types such as grass, mud, gravel, and concrete will
allow the robot to make more informed decisions regarding its movement, speed, and turning

iehavior. By using image processing algorithms or deep learning models, the camera can feed

iaual data into the Raspberry Pi, enabling the robot to recognize different surfaces and adjust
s characteristics accordingly-

the 7 -
glso integer
(faces which cOt
i’ data and perc

o be even 10

124. Fuzzy Logic for Dynamic Terrain Adaptation

Icorporating Fuzzy Logic will allow the robot to make decisions based on uncertain or
mprecise information. Unlike traditional binary decision-making-(e.g., obstacle detected or not
detected), fuzzy logic uses a range of values to evaluate inputs and provide more nuanced
outputs. This will be particularly useful when the robot encounters various terrain types with

virying degrees of roughness or unevenness.
Forexample:
If . i i
mmmo;hte robot detects grass, it may decrease Its speed and adjust its turning radius to
ate the softer, less stable surface.
In the
Mease he tuca§e of mud or gravel, the robot may need to reduce its speed even further and
rning precision to avoid slipping.

) FOI‘ C
. oncr §
Imum speeq v?el; Whére the surface is smooth and firm, the robot can operate at its
ith minimal adjustments to its turning behavior.

N
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