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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 .

MCU: Microcontroller Unit

PWM: Pulse Width Modulation

IDE: Integrated Development Environment
I/O: 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)

AMR: Autonomous Mobile Robot
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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 determmes 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. SIEVE

. Autonomous Navigation: The usc of the sensors in enabling the 'bb'bot to mOVe in its

environment through a set of predetermined mstnuclnons wnthout assnstance from'its
owner. 4
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CHAPTER 1: INTRODUCTION

e C———

The Obstacle Avoidance Robot is a complete system involved in avoiding obstacles on its path
using the advanced ultrasonic sensors, This project achieves the usc o‘f mcéhanics pand
clectronies putting together mechanical components, circuits, and code to illustrate the
application o robotics and embedded systems. Suceessfully sclf-mobile, the robot stands as
one ol the essential base models for the application arca that involves the use of self-driving
technologics such as sell=driving cars, self-nutomated 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. [fan obstacle is present within the set distance range, the Arduino analyses this signal
and gives control signals to the 1.298N 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 cquipment. 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
converted. The operations of the obstacle avoidance robot depend on a program that is fixed in
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 cxpensive computational and control systems are not necessary for satisfying and
intelligent autonomy provided cost-cffective components are designed and programmed
cffectively.




CHAPTER 2: LITERATURE SURVEY

Obstacle avoidance robots arc widely researched due to their real-world applicability in the use
of automation and robotics and self-navigation. The existing technologies, methodologies, and
applications relevant to the development and nature of such robots are presented in this

literature survey.
5.1. 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.

9.2. Microcontroller Based Control System

used in obstacle avoidance robots for data analysis
Arduino Uno to be very useful because of its open-
uate I/O channels to interface with sensors and
fact that it supports Integrated Development

Many tiny computers like Arduino Uno are
and motor control. Research has proved the
source characteristics, easy to code and adeq
motors. This is made even easier by the

Environment (IDE).

2.3. Motor Driver Circuits

ard 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 encourtered.

L298N motor driver bo

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:

i’\::ﬁolxc sensors \:vith microcontrciller-l.)as.cd system.s are also eﬁicignt ‘and the research
recoms eficiencies in the mgthod of !dentlfylr}g reflective or translucent objects. Future work
LiDA I'{‘f)ndS_ the use of machin learning with improved obstacle detection elements, including
r vision-based scnsors to provide appropriate decision making," "
tfl':;lts ?:r;aey (;j;ivcs a rat.hcr soupd ground for the dcvelopmcrft of the q"t'))‘s_'tziclé avoidance robot
POSSibili[iZS on .thc fntcg.rauon gf the known technologies and 'gpab.lgs: d_eﬁning further
and directions in the given sphere. ¢ : .
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. HC-SR04 Ultrasonic Sensor )
'%l?e IHC-SRO4 ultrasonic sensor mcasures distances ranging from 2 c¢cm to 400 cm with an

curacy of 3 mm. It cmits ultrasonic waves via a transmitter and calcu-latcs the time taken
-, their reflection to return. The Arduino uses this time to compute the distance to obstaclc§.
"l?l:is sensor is reliable, cost-cffective, and ideal. for detecting obstacles in c(llynamng
environments. Its data is essential for the robot to avoid collisions by steering clear of detecte

objects.

Distance
Figure 3. Ultrasonic Sensor with its working

3.4. BO Geared Motor with Wheels o )
BO geared motors are lightweight DC motors equipped with mterpal gearboxe.:s for hlgh_torque
and low speed. They are available in various RPM ratings, making therr.l suitable for precise
movement in small robots. These motors are paired with 65mm rubber-grl.p whee.ls 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

;hel castor wheel acts as a support wheel to stabilize the robot’s chassis and allow
ultidirectional movement. Positioned at the rear of the robot, it reduces friction while turning
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Figure 1. Arduino Uno

3.2. L298N Motor Driver Board .

The 1L298N is a dual H-Bridge motor driver that controls the speed and direction of two DC
motors. It supports motor voltages between 5V and 35V and a peak current of 2A per channel.
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 features
onboard heatsinks for thermal management. Its ability to control two motors independently is
critical for navigation and obstacle avoidance in the robot.

Figure 2. 1,298 Motor Driver Board

=




CHAPMTER 3: ConmronenTs USED

Tabte of Components Used in this Projects

Component Nanw Quantity
:\\\‘luim\ Uno |

1.2O8N \\‘10161‘ Dri\'él‘ Boawd \
NC-SRO4 Ultrasonio Sensor 3

BO Goaml Mmm‘ with Wheels 2

(7=\st(\\‘ \Wheels |

RAY thttow 2
()n-OlI‘S\\'imh |
Jumper Wires 15
'ﬁl) Printed Chassis |

Table 1. Components Required

J. 1 Anduine Uno

The Avduino Uno 18 a microcontroller board based on the ATmegad28P, designed for easy
progeamming and prototyping, 1t has 14 digial /O pim (6 for PWM) and 6 analog inputs,
enabling the control of motors and sensors, The board is programmable through the Arduino
IDE using a USH cable and operates on SV logic, Us simplicity, altordability, and open-source
nture make it ideal for smallseale robotics projects like obstacle avoidance robots. ltprocesses
sensor data from the TC-SRO4 and provides instruetions to the motor clrlver bomd enabling

reulstime deelslons=muking,
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or ch{lng'"g direction. ‘lls IO}V weight and durable build make it sy;
cnsuring smooth operation without interfering with the powered wh ““'I'tﬂb]c for small robots,
cels.

3.6.9V Bnl'tcry
9V battery powers the Arduino Uno and motor driver, ensuri i
) . s Cnsuring uninterrupte rati
the robot. It provides a convenient and portable power source, with sufficient \‘/)O”(le (,)cptc(:itlon of
the sensors, Motors, and microcontroller. A battery connector simplifies intcgrati[:)n »\;!:I'II)P(?“
compact size allows for casy placement within the robot chassis. > e s

3.7. On-Off Switch . .
The on-off switch provides a simple 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
duino, motor driver, selected sensors, and a battery. They have also

ounts 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. '

subsystems within the Ar
provided some slots and m

Figuré 5. 3D Printed Chassis (using Fusion360)
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CHAPTER 4: HARDWARD ASSEMBLY AND CONSTRUCTI(
., 2 ld &l )N

e i ——

:‘ | Assembly of Components for Obstacle Avoldance Robot:

t should explain how the various parts mentj

into the C(.mtc:\'t ot t.l}c ml‘)‘(x f\ind. thcrc!g)rc it should cover matters concerning motor fixing, th
ensor {ixing. the fixing ol Arduino, .ﬁMl‘lg of‘.u motor driver and other peripherals on the Chgi’lst i
;ﬂ‘ the robot. It may contain procedun cs for oricnting parts to function correctly, ways of mak'Sls
connections safe and proper placing of the robot design layout so as n’ot to e ooy
s like interferences by parts. RpEricnce

his par oned carlicr are physically incorporated

the

42, Arduino Uno Pin Conncctions:

. Pin4 (MLa): Conncct 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 (MIRa) 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.
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qller than this threshold, i indicateg )
.\' Sn]t

1€ presence of
i8 |l trigger the robot to stop, back up,
it wilh TS

an obstacle in front of the robot, and
and re-scan the envi

Nvironmeny, Here's how it works:
If all sensors report distanceg greatey

‘than 15 cm, the robot continues to move
for\"“rd'

If the front sensor (distancep

‘ an obstacle (distance < |5 cm), the robot
ps moving and then takes a backward Step to allow moye Space for scanning,

checks the North

sto

After backing up, the robot re- "East and North-West sensors to
+cide which dircction to turn,
dect

3: Backward Motion and Re-scan
Step =+ =

m ‘

river that Stops the motors and then reverses fheir

~oction for some few seconds (approximately 500ms). The rationale for this movemf:nt IS so

dm‘i:: space around the robot can be Scanned again to enaple 5 Proper decision when it comes
t : »

g,m the direction to take.

Step 4: Scanning for Clear Path

backward movement, the robot halts and scans only the environn}ent with_ the pel[.) of erz
e W ultrasonic sensors again. These facilitate helping the robot decipher which side is mgor
mn allow it to turn to which side in a bid to avoid the obstacle. If the North-Easl.;t senbOt
:j)?f;‘:r:mes with the North-West sensor Suggest that the latter has seen more sp%ce, ; i rr:ater
; ight 1 irecti - If the North-West sensor provides a g
i tin the direction of North-East. | . !
e g::n otr‘lilace than the North-East sensor, the robot will then move left (in Noxtth West
num

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

t
If the North-West sensor detects more space than the North-East sensor, the robo
will turn Jeft (towards the North-West direction).

. . il irection
If both directions have roughly equal space, the robot mlght. ltu;{; 1;1 igcl:er directi
on the implementation or turn proportionally based on the availa pace.

Step s; Turning

s perform
This robog uses the motor driver (L298N) to take control of the motors ;ntclil :tsrz:{:llle ‘S‘ ti?c it
€ tum, Instead, jt controls the power supplied to the motors, an astp gf space toward which it
U in the required direction. The turn is dependent upon the amoun ispavailable»or through
'sl"'“i"g, that is, the robot will turn through a greater angle if less space i )
aSmale o .

Maller angle it more g available,

\ R




CHAPTER 5 : Working Or Monbkl,

<1 Obstacle Avoidance in the Obstacle Avoiding Robot

iding robot is a
o obstacle avoiding 1 AMR developed to move iy its operational environment while

detecting real tol::‘,:tccg lﬁ:: Q}SISIS:LC;I]RV?(@ng them. To obtain the aforementioned capabilitics the
system incorp A‘ duino Uno co tg llcy components: ultrasonic sensors, a motor driver, DC
S _and an Ar ntroller. The robot’s working can be divided into several steps:

ion of the environment, planning and selection of response approaches, and control of

52 Obstacle Detection:

The robot uses three HC-SRO4. ultrasonic sensors, each mounted at different positions on the
robot: One ofthem is a flap facing front (NQrth), the other is at the North East and the third one
faces North West. Each sensor measures distance from any object by sending audible signals
:n the form of pulse & 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

formllla:
Distance = Duration X 58.2

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

Since the sound travels to the obstacle and back, the formula divides the total time by 2 to get
the one-way distance. The minimum distance is typically set around 15 c¢cm in the code,
meaning if any sensor detects an object within 15 c¢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
‘Vl}hQraws a little backward by taking a small step to create more space for it to move in and to
©P 1t to capture a better view of the environment.



/Scanyl;lg and Turning:

cup, the robot navieatec ¢
the backup, ! I8ates the supy .
orth-West Ultrasonic sensors. Ag o o ndings forwarding by the help of North-East

mlcisions whether to turn lefl or to tyrp right. The 1 —
gi sor North-West has more available Space, th N 'c Oulput is that, ifthe side either North-

fter

4 Working of void loop in the Code:
.

1 its OWn depending on inforrpation received from the ult
0 own of the working of void loop() for

d North-West):

rasonic sensors. Here’s a detailed

preakd your setup with 3 ultrasonic sensors (North, North-
East, an

Step 1: Distance Read by Ultrasonic Sensors

The void loop () begins with the call to the function get Distance() for the three ultrasonic
sensors; North, North-East, and North-West. These sensors determine the distance between the

robot and any object that is. in fr.ont of them by continuously emitting ultrasonic waves and then
measuring the amount of time it takes for the pulses to get back.

. 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.

Step2: Obstacle Detection

Ff)llowing the data acquisition from the three ultrasonic sensors, the program processes the
dlsfaﬂce values and scans whether any of the distances is below a defined minimum value
Which is usually 15 cm depending on the application. If the distance is smaller than this
lireshold, 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
’i’?ams to move forward.» Ifthe from See_days_distance distanceFront is less than 15 from an
o0%ect, the robot wi] halt and then go back one step in order to increase the scanning distance.
og;‘levﬂ the robot starts backing up it makes another check on both th?North-Eastand the

“West sensors to determine which way to turn.hecks if any of the distances are below a

Predefineg threshold, typically 15 cm (you can adjust this as needed). lfthe distance

.



" HC-SRO4 Ultrasonic Sensor Connections:

por the three ultrasonic sensors, the connections are as foljowe:
HC-SR04 (North): *

Trig Pin: Conncct to Pin 9 (Trigl"in) on Arduino,

Echo Pin: Conncct to Pin 8 (EchoPin) on Arduino.

HC-SR04 (North-East):

Trig Pin: Connect to Pin 11 (T rigPinNE) 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: This means connecting the < e .

. N S positive termin .
together and also the negative terminals of both batteries tooethelr als ofboth 9V batteries
S .
. Positive Terminal: Connect this combined iti i
. positive terminal t in pi

Arduino Uno (through the power port). o the Vin pin of the

«  Negative Terminal: Connect this combined negative terminal t ND pi
. o both th
the Arduino and the GND pin on the L298N moto: driver. ° e GD pir on

DC L298N DRIVE
{8-36) VOLT

Figure 6. Circuit Diagram and Connections
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