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Abstract
In the healthcare environment, the spread of infectious diseases through respiratory particles poses a
significant challenge to maintaining clean and safe surroundings. With shortages in surface
disinfectants, the traditional manual cleaning methods have been put under scrutiny, as they often
prove inadequate and leave residual contamination. Moreover, the constant operation of healthcare
facilities, coupled with staff turnover, increases the risk of virus transmission among healthcare
workers. To address these concerns, a novel solution has been proposed: the development of a
disinfecting robot utilizing ultraviolet (UV) rays for efficient microbial reduction. The robot is
equipped with obstacle avoidance capabilities, eliminating the need for constant monitoring, and
providing a substantial advantage over human-controlled methods. This abstract highlight the
importance of innovative technology in maintaining a clean healthcare environment and protecting
the well-being of both patients and healthcare workers.
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INTRODUCTION

An infected person who is suffering from cold, cough, etc., so the tiny respiratory particles from the
infected person are spread into the air finally onto the surrounding surfaces. Shortages in surface
disinfectants, although worrying. The sole aspect that matters is providing clean environments in
healthcare. It challenged the traditional way of cleaning and disinfecting the surrounding surfaces.
Despite best practice recommendations, manual cleaning in each hospital is predicated on local
protocols, training, understanding, renewal, and staff turnover of cleaning staff because of the control
and, therefore, the inspection of their performance. The evidence further suggests that manual
cleaning and disinfection is often inadequate and ends in residual contamination. As the healthcare
workers and staff must work 24/7 in such places, there is a high chance of getting infected with a
virus. Hence, we have come up with the idea of developing a disinfecting robot using ultraviolet rays
that can move in multiple directions [1-3]. UV disinfection systems can efficiently reduce microbial
contamination. This robot has the ability of obstacle avoidance, so there is no necessity for
monitoring, also this feature gives the best
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UV-the robot's first job will be to employ ultraviolet germicidal irradiation to disinfect rooms at various
enterprises and organizations, excluding any other industry or location besides the medical one.

LITERATURE REVIEW

e For nearly 50 years, researchers have been studying how UV light kills microorganisms. As
soon the new virus started to spread, UV made a comeback as a potentially potent weapon to
combat this new affliction.

e  With the use of UV light, touchpoints can be cleaned. More recently, UV- C has been utilized
to disinfect hospital rooms, and it has been proven to have the ability to lower the number of
infectious bacteria that are linked to disease in the vicinity of patients.

e These UV sterilization methods can be applied to robots. The suggested concept is for a robot
that uses UV-C lights to clean surfaces.

o The effectiveness of sterilizations can be increased by employing UV LEDs rather than UV
radiation lamps like low-pressure mercury lamps [4, 5].

RESEARCH GAP
All UV sanitizing robots that have been produced are huge and can either operate autonomously or
with the aid of an app, according to numerous research.

e Reduced size the robot was designed to fit through a variety of small openings.

e The robot doesn't always need human aid, which is why a Bluetooth module isn't there.
However, a better microprocessor would enable structured movement made possible by a
machine learning model.

e As this is our prototype, it lacks a mapped path. Using a physical button, you may turn the bot
on or off.

e The employment of artificial intelligence models to comprehend and map out a floor is a
significant area of research that must be addressed.

e We were unable to use the most optimal components in the bot due to procurement issues [6].

COMPONENTS
Ultrasonic Sensors (HCSR04)

Devices that produce or detect ultrasound radiation are called ultrasonic sensors. Transceivers,
receivers for communication, and transmitters are the three broad categories into which they can be
separated. Transceivers can both transmit and receive ultrasound, whereas broadcasters transform
electrical signals into ultrasound and receivers’ electrical signals onto ultrasound. The HCSR04 is an
economic sensor that provides noncontact measurements from 2cm up to 400cm.

Arduino Uno (At mega 328p)

A freely available electronic platform called Arduino is built on simple hardware and software. A
motor can be started, an LED can be turned on, and something may be published online by using an
Arduino board to receive inputs like light on a sensor, a user pressing a button, or a tweet. Sending a
set of instructions to the board's microchip can tell the board what to do. To do this, the Processing-
based Arduino Software (IDE) and the Arduino Programming Language (based on Wiring) are
employed. Arduino Uno was used instead of an Arduino Nano due to the thermal capabilities of the
former. The Arduino Uno has better thermal capabilities and can power both DC motors [7].

Jumper wires

To connect two places without soldering, jumper wires are simple wires with connector pins at
either end. With breadboards and other prototype tools, jumper wires are frequently used to make it
simple to change a circuit as required. Jumper wires came in three different varieties:

1. Male-Male

2. Female-Female

3. Male-Female
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Motor Driver (L293D)

You can jointly control the working speed and direction of two motors using the electric motor
operator module. Because the motor and microcontroller operate at various current rates, it serves as a
communication link between them. This motor driver has an operational voltage of 4.5V to 36V with a
peak output of 1.2A per channel. We can use the motor driver for different types of motors including
DC motors and servo motors. This driver was chosen as it is very compatible and is readily available [8].

DC Motors (Operating voltage 3-12 V, RPM = 150)

A DC motor is a class of rotary electrical motors that converts direct current (DC) electrical energy
into mechanical energy. DC motor is being employed as it has an operating voltage within the
operating range of the motor driver and a sufficient RPM of 150 which can move the boat in both
directions [9].

UV LEDs
These are the sources of disinfection for the bot. They emit UV-C light when current is passed
through them and thereby sterilizing the target area.

SOFTWARE USED
Fusion 360

Fusion 360 serves as our primary CAD software where we can design and assemble the various
components of our project.

Ultimaker Cura
It is a slicing application primarily used to generate NC code which will be given to 3D printers.

Open-Source Arduino IDE
This will help us control the robot and allow us to program functions into it using a programming
language of our choice, in our case python.

Tinker CAD
This is free open-source software available online which is used to design circuits.

V-REP
This results in a small-footprint 3D robot computer that simultaneously mimics authority, actuation,
detection, and observing, as shown by the Virtual Robot Experimentation Platform (V-REP).

CAD Model
e The robot is designed to move in and out of congested places while at the same time
disinfecting them.
e Two holes have been provided at the front of the bot to accommodate the Ultrasonic sensor
which is a key component for obstacle avoidance in our robot.
e UV LEDs will be placed in the four holes present at the bottom of the robot which help in the
disinfection process (Figure 1,2,3,4).

V-REP

In this simulation, we created a virtual environment for the robot to test its functioning. V-REP
software was used to do the above task. The robot model was imported and then programmed to run
in the virtual environment [10]. The robot is programmed to displace from one point to another while
avoiding simulated obstacles. The robot successfully executes while maneuvering the environment
(Figure 5,6).
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Figure 3. Drafting Design.
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|
Figure 4. Build of Material for the CAD Model.

Parts List
Item | Qty Part Number Mass
1 2 |Wheels v1 284245¢
2 1 |Ball caster wheel |28.898 g
vi
3 2 |Dc motor v2 000g
4 1 | Aurdino v5 586349
5 1 |HC-SRO04-Ultrasoni | 38.606 g
cSensor v7
6 2 |9V Battery 01av5 |148.555¢g —
7 1 |Small_breadboard |34.278 g
vi
8 4 | THT LED blue 0572¢g
glass
9 1 |L293d motor 3217¢
controller module
half H-bridge
onsha
Technical reference Crested by Approved by
| Lokesh Maddiboyina
(Document type. Cocument status
20BMEO700 |_ =
20BMEO675 | Mechatronics Project Assembly|  Build Of Material
20BME0695 _— _
n

Figure 5. V-REP software.
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Fiure 6. Prototype Model

TINKERCAD
The circuit diagram was constructed in TINKERCAD, and a simulation was run (Figure 7). The
code was executed, and the motors ran as per the given instructions (Figure 8).

Figure 7. Tinker cad arduino circuit diagram.
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1 (Arduino o R3) «

Figure 8. TINKERCAD Code Model.

Program Code

//AFMotor Library https://learn.adafruit.com/adafruit-motor-shield/library- install //
//NewPing Library https://github.com/livetronic/Arduino-NewPing//

//Servo Library https://github.com/arduino-libraries/Servo.git //

// To Install the libraries go to sketch >> Include Library >> Add .ZIP File

>> Select the Downloaded ZIP files From the Above links // #include <AFMotor.h>

#include <NewPing.h> #include <Servo.h>

#define TRIG_PIN A4 #define ECHO PIN AS

#define MAX_DISTANCE 150

#define MAX_SPEED 150 // sets speed of DC motors #define MAX SPEED OFFSET 20
NewPing sonar(TRIG_PIN, ECHO PIN, MAX DISTANCE);

AF DCMotor motorl(l, MOTORI2 1KHZ); AF DCMotor motor2(2, MOTORI12 1KHZ);
AF _DCMotor motor3(3, MOTOR34 1KHZ); AF_DCMotor motor4(4, MOTOR34 1KHZ); Servo
myservo;

boolean goesForward=false;int distance = 100;
int speedSet = 0;

void setup() {

myservo.attach(10); myservo.write(115); delay(2000);
distance = readPing(); delay(100);

distance = readPing(); delay(100);

distance = readPing(); delay(100);

distance = readPing();

delay(100);

}

void loop() {
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int distanceR = 0; int distancelL = 0; delay(40);

if(distance<=20)

{

moveStop(); delay(100); moveBackward(); delay(300); moveStop(); delay(200);
distanceR = lookRight(); delay(200);

distanceL = lookLeft(); delay(200);

if(distanceR>=distanceL)

{

turnRight(); moveStop();
telse

{

turnLeft(); moveStop();} else
{

moveForward();

}

distance = readPing();

}

int lookRight()

myservo.write(50); delay(500);
int distance = readPing(); delay(100); myservo.write(115); return distance;

}

int lookLeft()
{

myservo.write(170); delay(500);
int distance = readPing(); delay(100); myservo.write(115); return distance; delay(100);

int readPing() { delay(70);
int cm = sonar.ping_cm(); if(cm==0)

{
cm = 250;

}

return cm;

}

void moveStop() { motorl.run(RELEASE); motor2.run(RELEASE); motor3.run(RELEASE);
motor4d.run(RELEASE);

b

void moveForward() {
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if(!goesForward)

{

goesForward=true; motorl.run(BACKWARD); motor2.run(BACKWARD);
motor3.run(BACKWARD); motor4d.run(BACKWARD);

for (speedSet = 0; speedSet < MAX SPEED; speedSet +=2) // slowlybring the speed up to avoid
loading down the batteries too quickly

{

motorl.setSpeed(speedSet); motor2.setSpeed(speedSet); motor3.setSpeed(speedSet);
motor4.setSpeed(speedSet); delay(5);

}

}

}

void moveBackward() { goesForward=false; motorl.run(FORWARD); motor2.run(FORWARD);
motor3.run(FORWARD); motor4.run(FORWARD);

for (speedSet = 0; speedSet < MAX SPEED; speedSet +=2) // slowlybring the speed up to avoid
loading down the batteries too quickly

{

motorl.setSpeed(speedSet); motor2.setSpeed(speedSet); motor3.setSpeed(speedSet);
motor4.setSpeed(speedSet); delay(5);

}

H
void turnRight() {

motorl.run(FORWARD); motor2.run(BACKWARD); motor3.run(BACKWARD);
motord.run(FORWARD); delay(2000); motorl.run(BACKWARD); motor2.run(BACKWARD);
motor3.run(BACKWARD); motor4.run(BACKWARD);

}

void turnLeft() { motorl.run(BACKWARD); motor2.run(FORWARD); motor3.run(FORWARD);
motord.run(BACKWARD); delay(2000); motorl.run(BACKWARD); motor2.run(BACKWARD);
motor3.run(BACKWARD); motor4d.run(BACKWARD);

}

CONCLUSION

The goal of this project is to design and build a robot that can disinfect surfaces using UV lights
and reach congested areas that are difficult to access by humans. Another significant goal of the
research is to make the robot self-contained, requiring minimal human involvement. The concept
designs were created following the concept. Fusion 360 is used to design the CAD for the elements.
The G-codes created by Ultimaker Cura is used to print these designs on 3D printers. We used the
open- source Arduino IDE to control the robot. With the help of Tinker-CAD, the circuits were
designed. The V-REP Program was used to demonstrate the simulation.
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