B\ 1355330 1. @Uundindng) 3 22 atfufl 4: manau-funau 2565 78
/ KKU Research Journal (Graduate Studies) Vol. 22 No. 4: October-December 2022

1 ¢ o/ wva 1 dy 1'% v AV
vugundnludnsinyaniesddansilalewan Ussunn C

Automatic UVC sterilization Robot

A3.USv9y1 WsuUsdlsvs (Dr.Pradya Prempraneerach)™*
WwAUAgTH 9T (Chalermkiat Angsuwattana)* fisena yaazuuma (Peeraphon Junlamonton)*
(Received: September 24, 2021, Revised: January 24, 2022; Accepted: January 24, 2022)

UNAALa

¥
=]

WD99INNITENTSEUINVRLT B SAlATIA-19 NI TuApIN1TMNITann1suNs i olisaladn-19 Tuiud

Yo a a =

amnsnivas Ineld5edy3 (UVO) Afananiflumssndelasaeswilsyansam fuideldoonuuunazain
viusudnluiAfifadanaonln UVC 15 ad $1u1u 4 vieon vusuduuuddeiituindoudae 2 devids viusus
SolusiAtannsotsfuninadeudld 3 Tuun Taeld 1) Sumdedudenduing vio 2) fefie/roufiunediiu
web server fednyanns wi-if ifldauamsadiunin live stream 9nsuntisiugud vie 3) MsnuANns
wd ouflvunulumuiiunewuudalui® (vun Wall keeping) IngldnismivAukuUig lneseeeinesening
suiavesusuduazay finszermsneeuweisansiludn 2 § awgninwieglurag 20-40 cm udTada

aa

waenlngIZAiiauduTdeI@luYae 0.70-0.24 mw/cm?® Tusses 26-50 cm iiievinniseieusniiogly

k] kYl

wwsyauiiofuuseguazUunadng luiian 12.5-18 sec Wiveann1sunsiWelifannisdudavesldauneludin

ABSTRACT

Due to recent pandemic of COVID-19 virus, our research team finds a way to reduce transmission
of virus-infection in public areas using UVC irradiance, which can kill viruses effectively. Our research
team design and construct autonomous robot, equipped with four 15-watt UVC lamps. This developed
d-wheel robot, driven by 2 back-wheels, can be controlled in 3 different modes using: 1) a radio remote
control or 2) smart phone/computer through wi-fi web server, so users can view forward live- stream
image from robot or 3) a wall-following autonomous navigation (or Wall keeping mode) using a PD
controller so that a distance between robot and wall, measured by 2 ultrasonic sensors, is maintained
within 20-40 cm. Then, UVC lamps, which provide USC irradiance between 0.70-0.24 mW/cm? for a
distance range of 26-50 cm, turns on for sterilizing areas at level of doorknob and elevator buttons

within 12.5-18 sec to prevent spread of virus in buildings due to user contact.
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M1979% 1 USuau UV Dose Niluszavsnmlumsvianedieldaviasinegiiessdedd nllanuenndu 253.7

nm [9]
UTuad UV dose (uWs/cm?)
silavesdelifa Uszavsamlunsvhanedelifa
90% 100%
Bacteriophage - E. coli 2,600 6,600
Infectious Hepatitis 5,800 8,000
Influenza 3,400 6,600
Polio virus 3,150 6,600

(a) (b)

AT 1 MWBDNUUUYUIUAALLUY (2) NMNNNTTRBINTINNUTBIUEWA (b)

I ] 59.80cm

70.40cm

(a) (b)

AN 2 YUnlATIETINTEUEUA side-view (a) kag top-view (b)



\ 11358157398 1. (@UuTndindny)) U 22 aduil 4: aanaw-Suinau 2565

88
/ KKU Research Journal (Graduate Studies) Vol. 22 No. 4: October-December 2022
Ultraviolet lamp
Raspberry pi-cam
il Robot platform
Ultrasonic sensor And controller box
Drive terrain (2 controller
Wheels and 2 free wheels)
MR 3 drulseneusneUeuEudd LT Ie ST
aindaneln
waanlluvC
aindinglvl -
faau
Raspberry pi
F9d Inverter A
#09UaANdU
andanelv w3l
wan
AW 4 duiundweniusud uansliiiuda adndaiuaulnuasdensa
2! i
i j —
Battery 12V 20Amh == ;=" e - 31 Motor Right
w o e Arduino Mega 2560 .4“ _
—
Ultrasonic Back Left
3
*®

8 channel relay

29 5 uanan1sresashiinigniuuesa Arduino Mega 2560 0819419



A\ N3anTIdy uv. (@Sududindng) T 22 atudl ¢: aanau-Sunau 2565
/ KKU Research Journal (Graduate Studies) Vol. 22 No. 4: October-December 2022

Raspberry pi

Q—Duratiom—. YES—| Turn on

Duration 3
NO

[—NO Change mode —>—-YES

Duration 1,2

Control
motor

control Rkt
motor ack to area—{

control
motor

eet obje: control
front motor |——Parry

A 6 fau (Flow chart) uansnisviilussuuaiuay

PID control

Pi cam

Arduino Mega 2560

{

; 000008 ()80D00:

OLX-X-1-1-21-10T XT-1-1-H

Raspberry pi 4 Model B

amdl 7 nsidewsie Raspberry pi fuvesalulasreulnsaiaes Arduino Mega 2560



N33 1v. @Futudiadnw) T 22 atudl ¢: nanau-Sunnau 2565 90
KKU Research Journal (Graduate Studies) Vol. 22 No. 4: October-December 2022

»| Arduino Mega 2560

Motor 12V Dc

Inverter

1V Deto || vaealil LVC

220V Ac

—

converter Relay 8 channel

P

12v DC to

5V DC 3Amp Raspberry pi 3B

A 8 wansnisanglnluszuu

P=Kp*e(t) Control speed of ]
+ Balance distance
motol > front and left
Left/Right rontandie
- D=Kd*(de(t)/dt)

Distance from back sensor |

Distance from front sensor |

M 9 laezunsuszuun1smiuay Wall keeping

(b)

A 10 1A3eaTRANLd IR ILEs UVC %0 Lutron (YK-37UVSD) (a) %1 sensor Saanuidusad UVC (b) uay

o

nsnageuinANUuvesssde T (UVO) ()



A\ N3anTIdy uv. (@Sududindng) T 22 atudl ¢: aanau-Sunau 2565 91
/ KKU Research Journal (Graduate Studies) Vol. 22 No. 4: October-December 2022

0.8 T T T T T T T T

—3— Measurement Data
== == :Regression Curve |-

0.5

~
y= 0.001x2-0.0238x+1.228

UVC irradiance (mW/cmz)

0. 2 1 1 1 1 1 1 1 1
25 30 35 40 45 50 55 60 65 70

Distance between UVC lamps and Wall (cm)

AR 11 Aaudussd UVC (UVC iradiance) fiinldanninsesinssdeda (UVC) Tussegrinaninuil

(Distance between UVC lamps and Wall) Tusiag 26-68 iwufiuns

| Calculated Sterilized Time ¥4
18 [ o Calculated Sterilized Time with Safety Factor=4 7
16 | 7 s
L 7
— 1 > 7’
O L 3
3 12 » y”
g 10 | 2 — B
= 8t ” T
= 4 -’
6 g .
4 r i > i /
- -
2 _—"T - o
0 —g—— Il 1 1 Il Il Il 1 1

10 15 20 25 30 35 40 45 50 55
Distance between UVC lamps and Wall (cm)

A 12 sendnszegrinennwilaiuvaeng® (Distance between UVC lamps and Wall) uag tiaiildlu

nnseine (Sterilized Time) iWaldviaanlnydd (UVO) uastiiuAunanes = 4 lun1senae

(a) (b)

AN 13 nedaumukiuglunTInsTerm s tans lwlinlusyey 15 WwuRwes @) wag 100



€\ 113815398 wv. @UuTdndnw) U 22 alun 4: aanau-Suaau 2565

/ KKU Research Journal (Graduate Studies) Vol. 22 No. 4: October-December 2022

92

WUANAT (b)

16.2
—~ 16 )
[’a)

&=
2 158
=
=
£ 156
ed
= 154
33
=l
2 152

15—

14.8
0 50 100 150 200 250 300

AN 14 HANINAARINTINTEEYINNWUeTTans lalindeinghl 15 lwufiuns

325

32 @ DT o GIEED CGEDEDe e
315

)

AUANT

pBye o ee e aaa>lN oo [ oo

a

30.5

AR (E ]

30

EH

29.5
29

28.5
0 100 200 300 400 500

AN 15 HANSNARBINTINTEELINNINWULETIAR TR lnETIngT 30 WwURwnAT



135157330 W, @Tududindnw) 39 22 atiudl 4: nanAu-fuaey 2565
/ KKU Research Journal (Graduate Studies) Vol. 22 No. 4: October-December 2022

93

120
110
100

90

80 '.

70 L]
60 ‘
50

40
0 50 100 150 200 250 300

i AAT)

REARNN(E

b H

o =

2NN 16 NANTNAABINITINTZETUNANUILDTIanIlelndeing N 100 WwuRLLAS

q

naum

(a) (b) (©)
AN 17 w98 Web server (a) @un13adanin live stream (b) daupiuAunIsiAfauiivemiuuud way

(©) drumsiasuluuanazie/Uaviasnlil

AN 18 FLUUNTIRARINABY Raspberry Pi cam



\ M558 W, @Uutudindnw) 97 22 atufl 4: nanau-Funnau 2565
KKU Research Journal (Graduate Studies) Vol. 22 No. 4: October-December 2022

NINT 19 MINARBINILARDUNUUUAA LN AUU A UNII/TWNILUTIS 20-40 LTUALNGT

50
-
s 40
2
& 30
=
g 20
s
< 10
"=
T
3.2 OO NI MO A NN M AN M- ANN N mMm
A NN < TN ONO00OOO A N AN M N O
D T B B B IO B O |

$1usdeya

— T YNANNAININT e 7281231099 N AN AT U RS

AN 20 HANINAFBUNITHARDUNKUUSHLLR ASIN 1 Wievueudrudmmunemauiudu Inefiiansanain

a v

sreranuLessansledn 2 M Negilsrnuiievesiviugud wanseidudiuasddu

o 40
=
2 30
=
=
2 20
=
Z
-= 10
?DB
3 0
F O MO N OISO AN O NDONOILM ST NN o
A H NN TN ONWNNONDOOANMSTI ©ON
R R B = = R |
o 9
UIUTDYA

— 2 TYNANMNAIDNN e 722123199 NN N 9N RS

AN 21 HANINAFBUNISTARBUTKUUEALEIR ASIN 2 WerueudvuuAuiunImouEusl lnefiansu1aIn

srevInwuestanslelin 2 i1 Negileudnevesdiviueus wansmedudiuasddy

Y



A\ N3anTIdy uv. (@Sududindng) T 22 atudl ¢: aanau-Sunau 2565 95
/ KKU Research Journal (Graduate Studies) Vol. 22 No. 4: October-December 2022

',é 40
g 35
S 30
g
< 25
<
= 20
brel
% 15
00 N AN OO O MONS<STAHOWNM AN O MNMNMONS< H O
A AN NN <IN N ONMNOOOOODOAANNMS
R B o I o IR R R I o |
o 9
inu’Juﬁll’em“a

— G TYNAMNATAIT NI e 522129199 IN AT AR

o

WA 22 HANINAFBUNITAROUNKUUSALLIR ATIN 3 WiarueudiueonINAwNemauEHAY tneiaT

a Y

nsrernugeidanslelin 2 67 Negilenudnevesijueud uanwieidudinuagddy

[

MR 23 NMsnaaeunsidausEuy Wall keeping Taufiun1silianasnssdydd (UVO) wievhnisandelisad

91908 VUK IS aUTE AR



