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Research Title Autonomous driving ultraviolet robot based on machine learning for operating
room sterilization
Researcher Dr.Wibool Piyawattanametha

Faculty Engineering

Department Biomedical Engineering King Mongkut’s Institute of Technology Ladkrabang

Abstract

This project was designed to help enhance cleanliness in operating or patients’ rooms.
Surgical site infections (SSI) account for 14% to 17% of all hospital-acquired infections because a
standard cleaning via chemical disinfection is insufficient. An additional method by utilizing
ultraviolet germicidal irradiation is proven to be an effective method to reduce germs and
bacteria. Our research team has developed a robotic UV sterilizer or a UV bot to disinfect rooms.
Our UV bot can be controlled via a Wi-Fi network with a live streaming aiding the UV bot navigation
to avoid obstacles around the room. Our UV Bot has three 19.3-watt of UV lamps. Our UV bot

can effectively use to sterilize and potentially aid in reducing the infection rate in patients’ room.
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2.3 UV Dose Required for inactivation of bacteria
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U 6 uansaun13N1v UV dose
a adaa & I LY a = A
miamawaamm’mmm@Laﬂﬁ]@agiuizmuaaﬂﬂimm N158089UBY logl ABNITANAN 90% UBN
aaa ¥

931770 N158naIT49 log2 ADN1TANAY 99% VBIAINTIN MINAIBNITANAITBY log3 ABN1Tanal 99.9%

2098951330 1 Hudu USuausad UV-C N91dudmsuidas seiura9n1sanaguandlunisy

SUT 7 uanaUias UV dose Aldiidnidelsn 99.999%(1)
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. Luminosity (w 4
Brightness = - w aunsil 1
41 X Distance? (cm?)

1y luminosity or power in units of Watts
distance in units of centimeters
brightness in units of W/cm~2
Sleldusinasadilasulussozananuds asaansanldmuanaildendelsalusseyineg
1§ Faanunsavilesaid
sec
UV Dose (,uW-Cm—Z)

Time = ————&— aunsdi 2
Brightness (w/cm?)
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2.7 Machine Learning

2.7.1 Al LLlag Machine learning

Al fia AuRan ANUEIRnsalunsandula widyvi Mneusinvsewmieninuywd wu
ANLaaIAluNIsiaulngwad Alpha Go Mutieuywdliua vsenuaunsalunmstedusosudlaglifos
o v 2 v ] - v & o w ) & . . 2 & ax | A
oAUty L UAY w157 Al eanalail unud1AUesiueenae Machine Learning @aluisn1slnai
LYIWASNT AIURANN YUY Al ¥3958nI1NNS “WTu” Al
NITU NIDNTITEOU Al U BNFI98139189 A NTERUlRIZUULINLEZAITNINILAZ LI T907
Wuniseulusunsunvuuniiduseseinuiniiazyinle wawadu Al hdrn1simsuazlgnisianinmun

wagaIunundly ielnszuudu Pattern Tusgdu Pixel uaavinisvaasunisninlumiglissuuy

noudgnvield udrdsdesquivguaunrugniesegluseduiigeiian Seiindnunifgnldegluszuy
Google Photo gL

Machine Learning e dauni1si3suiveanies gnldeuaiiouduauosves Al (Artificial
Intelligence) t51919%ald31 Al 14 Machine Learning lunsaseaauaain fnasldiZonluwadiinann
nsiFeuivestygnuszivg lildiRnannsdoulaelduyud uyudiiniideulusunsulss Al (a3eq)
Boudnndeyauihduiivieniednnisies

Machine Leaming 3eudaindsiisdadnlunszdu udrandnenliduiuaues dimadwseanun
Jusnawnie code dseolunanina nialiidnsa Al diluuananisnseyin Machine Learning 484
annsanluldnulavanesuwuy FosondenalniiulusunsuniaSenda Aleorithm fifivainvaauuu
Tneil Data Scientist 1duffoenuuy nilslu Algorithm fil¢ifuaauiiongs Ao Deep Leaming F9gn

sonwuuIbildnuldhewazuszendldlivalsdnuazau ogelsiniu Tun1svineuas Data Scientist
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Jududeseenuuudinusaieg vislusiaes Deep Learning Lo WagAoann Algorithm duq undua
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Wiguiiguiitonaa Algorithm Awsngauiiantunisidanuass

JUT 11 uananmsiUSeuiieusienieuyudiu Al
2.7.2 Machine Learning faazls
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SUT 12 wanensiUSeuiigumsifisulusunsuiuuindias Machine leaming

2.1.3 sULUUNTSI38U3YRY Machine Learning

[

fisUuuuniaidous 3 suuuudsdl
L.maseusuuulasuAuugi (Supervised leaming)

ns3suduuuldsuduugiin vie nisFeuduuudfaou lun1ssuiuuuiife 1azassaou
Machine 1931 Inputs wuuil udrazld output wuulwy nansteudeyalviiuasufiames (Input) 1
sUide udnouiumesiuddliinseniniedesuide 15Adesuensiuneu wdreufinmosiufazly
AT ¥ (Feature Extraction) 31 1doidudnd 4 w1 & 2 y 1 e Husiu anduneufineifiitoya
Fananlutssana/favaany (Classification) iilelsimdaaniisuaunsausneenldioslsieide avls
Lilside w30 5190307519 Machine 138ufi30s WWntniSouitaulnuasunn 3o asusinu Tnevtiem

Data Set agtduluuil

%ia AzuuY | Label
A 90 Pass
B 25 Fail
C 13 Pass
D 21 Pass
E 40 Fail
F 83 ?

'E‘Uﬁ 13 LAASAIDENATLUULAZNANTEDUVBITUNITYU
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Taglumnsieil Label Aan1suen Machine 11 Output aztiuerls waisnernisreillaidnlulu
Machine sfufvzanunsaseuslainazuuulssinalnufionu wie azuuulszanalvwufonn msizasiy

Machine A159¢6177 YNSeUF U19gla Pass

)

2.msssusiuuldlasuduuegdt (Unsupervised learning)
v3o mMsissuskuulidgasuy lun1siSeuduuull 1519edud Inputs Iv wauen Machine 91

foen1serls sUuuulisenliimssiudwiugduuunsnias Suhenisisdeudeya (nput) sUideidaly

o

waldldvenduinguitleudnluluguide filnereuiamesiuenluiiaseyt (Feature Extraction) siuf

Basgilanguildinlufidnuaedils uwinsilfuldansaenluuszana/danuanamy (Classification)

[

loudn fuazldignisuusnguuny (Clustering) Farauiamesiunvziongidellogiuwun ady viedn’

EN
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U ¢ N 4142 Ki 1 Y179 LRUBUNU 119D NNRIBYUAN L3198 mput LAY

(=11}
B

FIZEEUY
90
25
73
21
40
85

MM | Do |m|E

Ul 14 wansy input
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TngisiieswAvandnfiui Tiwvadu 2 nqu (nagwsiesnunazldannsaslain 2 nquiuAefe

avls filsulsunsudeadunuios Aeuiiawesagyinihiwauuangy) nadnsailanisasidy

Ha AZMUYU | Output
A 90 1

B 25 2

C 73 1

D 51 1

E 40 2

F B3 1

JUN 15 uananan1sdnnguuadlusnsy
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3.M9SPUTUUUETUAEY (Reinforcement learning)
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wilmanevesnisnsgyieie uleune (Policy) MANgadt dupelasneTasiuiaiands (Maximum

Sum of Expected Rewards) Lﬂ@zﬁqm

2.8 Python
Tunsa¥alusunsuiitemunuruoud manguidenldne python Liesan Python Luaiw
eulusunsuseiugaildtusgreaniandunsdeulusunsudmsuinguszasdimly anw Python gn
sonuuulneiluSyufasilildneuldinety warlasiadmwesnviiuasilflusunsuwedanansa
dlawndansideuldalagldussiniitosainiiniwesne C++ uay Java Teniwidugnivualsi
Tassadefiddlaldnmsdeuldndnlanerulsunsudnluauidusunsuvunelg)
Python tufianaudifunsideulusunsuuuulauninduasdissuunmsdnnismienius
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@ python

JUN 17 uanadyanualn1wn Python
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2.9 Raspberry Pi

U 18 uanis1gagidenaausenay Raspberry Pi

Raspberry Pi 1{uia3asnoufiainosvuiaian fignimuidulag Raspberry Pi Foundation &

Aantfau fis Anse waz AnuaugUnsaldBiannsedndly Jvuaiiesrindudnsinsie Hddgde 5@
s P - A o 1Y) a ¢ s a o v A d' a 3
waismelidsimignuin Weweuiupeuitimesinainedund wivhaouldmleuniosneuiiamasyn

1 | sl d’l Y v a ¢ A A A o 4 ] s I3
9874 191NN T I TN UIBARLNIWMBS WS 09071371 5895U HDMI st laiiinesn HDMI A
anansareruEd Y IIRleUNR IAUAY LAAILAZIBEADIAALAINI

v el

waNINFOTBARINALED NABsagUnIaisutoya TaluesamesesiunduasAduasnniu USB

Y |

port Unf inszavtuausatimnduazAdueiaiilogudiuidelias ssuuaglnuessiauesaneLites

Y

Y o a

dguane Mini USB fislduidailedenazgunsalduy Wtureufinmes vieidhiurunialndedenld
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fnefigannauainsaldaaveimeiueissnoufiamesinadioulsdrtudninieamnilsls
wiienaaglsifindsgaviiouaiosiulvg uififiesne ssuvdfiRnisiugiuvessaiuesing (NOOBS
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JU71 19 mmuansdgyansal Raspberry Pi

2.9.1 anwuznaluves Raspberry Pi

I3 a s v o | v A o o v

Wumauimas? danuaiunsalunistdnumll wu ievinanuenans, ANUY Wawas, Toie
[ 1 = o & @ 1 1%

MsAUIUASY Mseasviilu Web Server Agaula

I a s 3

WUABUNAMNDIN UVUIALAN
® Raspberry Pi 3 Model B fau1a 85 mm x 49 mm

® Raspberry Pi Zero Hvu1m 65 mm x 30 mm

® Raspberry Pi Compute Module 3 U110 68 mm x 30 mm

[

Jureuitunesi I51a19n isgdimunduawiasvuuieidudenisseunisaeunisiu

| 1%
v v £ =

Y
a I3 A 9y o = a Y
AouWmeT wazelvinquussmanmasiaansalineuimeslylananegu
& a ca o = ca & a Y
o Jupeuiinnein dauaiuisalunisdeans uazaruaugunsaidiannselindla Ly
au1sasuiantugrennIadldliiilainidwhnuegvield way waunsadanuly
wisaslgluivinunsengavihauile

2.9.2 Raspberry Pi fiaadiszuuufjunnig

Aaufiazld Raspberry Pi latu snludesfinfeszuuufinislidu Raspberry Pi nou Tng

a wua Aa Y & a wua . [ a wua a %
seuvuUan1sndenldiu Ae seuudfuRnig Raspbian insizidussuulfiRnisngnativayulaenss

31NN Raspberry Pi Foundation g

a 6

% Raspbian 1JusyuuUuRn1snsznadynd

9

2.9.3 nsArvaugUnIaBidnnsedind
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UUUDSA Raspberry Pi aziid@a#itsun11 GPIO (General Purpose Input-Output) Fasiufediuiienlise

dtygad Input / Output A UsasBiannseiindnisuenle

gih‘?i 20 tansaiu GPIO 83 Raspberry Pi

% =

n35U/dedyayas Input /Output W1 GPIO dndudendoulusunsudseu Insniwideuldiumly

~ =

lAun A1w1 Python wauenanA1¥) Python wda ndsfinrwidus Tadenldnudn wu C/C++, Shell
Script LLazmmguf"]
Tnegunuunilsvesdyaailisu/daregsuuuuveussiuliia ov fu 3.3V 1wy
o GPIO ¥ X 1é5ulw ov (v3elsignaneln) >> TWsunsuazldsudyanandu 0 vde False
o GPIO w1 X 185Ul 3.3V >> TUsunsuaglésuduanandu 1 vde True

delusunsudsdnyanaeanludu 0 wie False >> GPIO 1 X azdelil oV (Wieliidnelm)

oy
oy

delusunsudsdyanaeeniuidu 1 vde True >> GPIO 91 X agangll 3.3V

194311 Raspberry Pi innuimangauiusion1sldniwn Python nenneyidedudenitaglyly

s

lAsAealvaLansl

2.10 msAndalulssmenuna (Nosocomial Infections : NI or Hospital-Acquired Infection :
HAI)
fio mafadeduinannisfifineldsuderatnunslifumssnululsmeiuia fnvesdooioun
Mndawanden 1nthe MnyasnsTiRaide wisenamuvasiinvesdelimuAld dadeqaineraazan
Mnsamevesiteies WudeiifeglustisaiuiudeiissiannsadeliiAnlsald widledihesu

MITNWIUNOEN WU MIHER viernanIsuIssnn Avibidenfiegduilenaiiiianisiadeld

! a & A 1w = [ & 1 Y
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dmunmsandelulsmenuiassdeniniy
o nlu 48 Hluwdadnsumssnenlulsameuia
®  11UDN 3 TUNAIIINe8an
e 1A% 30 TuUNaIINAISHIAR

¢ luanuneruiailielaud1SuNTINYIMEANADULRNMTEIINNTAAYE

917115984 HAl azuanananuluaiudseny %ﬁmﬁwumaﬁqmm HAI fip
o msindemaiutlaans (UTls)
o nsindeluaanuiinige (Surgical Site infection)
o AmzasEiwzuazarldeniau (Gastroenteritis)
o omsludunassniay (Meningitis)

e IsaUanuiy (Pneumonia)

Us23184 90% VBINI5AR HAI LARANIBLUATISY 11951 warhisa lnewuaisesannyinlmin

a v

NSAMLAUNIAIU Teatl

'
Y 1

JUT 21 fregradenuanisemvinlmiansiawelulsaneuia

annunsallsedndelulsmenuia

fiswnuanunisallsadndolulsimeuialudnm 2548 31989910 : Isaindelulsanenuiauas
anunsain1sAoen iUl http://www.boe.moph.go.th/files/meeting/slide IHR 2DEC pdf/11.pdf
) Tnglgvnsinwanlsemeuiamussmesua 20 wis wudwmaﬁwL%Jaiuiiqwawunaﬁvvumﬂﬁqﬂﬁa
msAneluszuumaiumelodiuastadadudeas 36.1 fovay 255 AonsAndessuumaiu
Haany uazdoray 11.0 Hunsfndeunanign I@ﬂiUﬂﬁiﬁﬂHﬂﬁ%ﬂﬁWU’i’]L‘?}/@ﬁmumm&m@ﬂiﬁaﬂL%EJ

Tulsangnuranwuunniinail

1 Pseudomonas aeruginosa
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Klebsiella spp.

Acinetobacter baumannii

2 0O DN

Methicillin resistant
5 Staphylococcus aureus (MRSA)

6 Enterococci

=

JUT 22 Weuwuaseiiduannnvesnsingelulsmeiuna

2.11.1 NsAALIRNALALNNIAA ( Surgical Site Infection )
TutagtunistesiunisineiiduwniaidniinudsAyungwu 1Weenauasy Mmtiay
nmsawunalulagiansunnd vilidnudeidnsumssnwsgnsidniluuilduiguisesq
X D Ao a & Y R v Y] & & v =
wazhewailinaziinsiauthemelsasesiaunagudl Usenauiun1sseuinveudenesiuaadn
waevilaluan1uUINITNNIS wing vnligtieiidriumsinyimemsiideiileniadesdenisanien
fuviednunIu Tnenunsanesunisidnanduiseas 20 vesnsindslulssmeiuianvue
a v a d’l dl o 1 1 U dl v
uazdlonsnsfndend LA sovaz 3.7
UaduamuLtelsanilnasionisnnIsAATENALIIENARUSE N UMEUTU AL Aol IALAZ A
dil U U dil U a a o Y a a di/ 1 1 U ¥ di/
JULsIvBAEenalsa Inenuiwelsaudasyialinnugunsslunisiiianishngelalivindu dwelsa
Tofirnuguussgadaudasiidunudniesiaunsaibiiianmsfindeld wenelsaiduaimsuainisha
& Ao Y o & I A a & a A ] v
Welduvusidn 019sluegatimiiegnelumiUiy vieweainiinainaeuensimeddaey
lneweradniegnelusigtheusznoumeite Ussdntuuuilivgs lugewdlen uagluszuusineg

YDIINNMY Frudeainiiunanaguensumegllsuaznelviinnisindendunisidnlsenaume
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\WWOLUATISINILATUUIN LATNAU LAzl uAN1sAaLesLnsdadulugiinanite wuaiisy

a

U529190U LU Staphylococcus aureus, Escherichia coli WHugdu

2.11.2 L@@ Staphylococcus aureus

Staphylococcus aureus tJuqaumn3dluy Family Micrococcaceae #silqauautfdaufindunsuuan
<, Aa Aao = o & ] P | ! I ¢
Juuuailise ndanvaznau (0.5 - 1.0 luaseu) Seswndunguadienisedu uionasnuidugad 1e?

Jug vialuanedus (aeunlidiiu 4 wad) eguzdumeiuauaaidouwnsy

gﬂ‘ﬁl 23 Staphylococcus aureus

fdouunfiseunndt 30 vliandneglungu Staphylococcus Wwelinulauseiignds Staphylococcus
Aureus aailiilagndusestiefasiilunvevonde wmszunasiinude S. aureus WuleRansany

loimds Inseayn wWeymaiiumela musiuemis vesruiguamavateay wazdiuunnlinglasy

a Y

NANTENUAIINNITANLTD wiluuaulasanzdiiwade, viaunafdull, Wunues, senefigifuiu

' [V} (% [
a & (% ' v oa

UNNTDITBRILAUTITUNISHAFR anunsafiansinensusseauiulijunsauiuinielunssua

Y

HonanguLsddinld

= A

Staphylococcus aureus liliadaud laseaves anvaglalatinay veulieu yu Jda3u wmdes du

(Wusgivriinvesnlsiussalulwadiuuiusy iUl 9MNsIAgule LazanzkIndouvilvilie

a

1A38y) S. aureus @1Ns0LATYIANAAUNNT 6 - 46 C laeiitisgungiinugaude 30 - 37 °C NUAIY

o

Y A

Youil 60 °C w30 wit awsnarsansiiviigumgiininnia 10 °C A1 pH fanunsatadafldeglurag
4.0 - 10.0 pH Tneilgaeivanzauie 7.0 - 7.5 dauan A, aglug39 0.85 - 0.999 f1A1 A, Ueeni1 0.94
g3y ldeenedng anunsanuinded 18 - 20 % S. aureus gnineglungy Facultative anaerobe Ao
anunsaseyldaluan il senduninnitluanwlifieendiau uwaraiunseadisansie enterotoxin

wuseanidu 3 wila léiun A, B, C1, C2, C3, D, E uar H allaninuvseduluanvmuetomsduiivie A
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flu D ansiwiidiaaandatiay nuy anuseu Lignyarsuddufonnsedalus wasnuanuioun 121 °C

a

W 15 Wil ansivllazanglalugiuas a1sazatoinie We S. aureus ¥a3 9@ TN EAINA1INQUNAY

Y

a

37 ¢ laAnd17 25 wag 10 °C aua1du w1 anunsanusesadunuunludiunaneygielildivemsen

v

21014

g‘LJﬁ 24 Staphylococcus aureus TupIM1sIaLaLTe

2.11.3 Methicillin Resistant Staphylococcus Aureus (MRSA)

"Buensloae” ¥se Methicillin Resistant Staphylococcus Aureus (MRSA) A \FeuvaiiSefimun
MRneINsHeR wiefiniBuniinsies TasemeUszineuiioue drdudleiansielsaanide
Uszunni salisnuldennninnisindennuuaiidedssanaun luueds 1sn3adenidelsaussuam
41 super-bug MRSA

uii31 MRSA anaansnshlmiAne nsindenisionids TuszAuauguusaiisdiunas wadunds
ansaneliinssduarusuussiiaiatulunguauldunangs wu fgeeny flelsadess uarludin
MINUINLAR

AMENsANEDIIN MRSA aznulfunnlulsmenuiauaraniuiniiuvesiiae esdeaniui

nazdugaiidesdenisnsiinedasuidie wu unande lnsenzlunqudgsens wasiUaed

q

RTGRD!

v v v =

Maaindnway desrmednazigidunuluszdum Feansafianisinelsalaie Mwinnmuls

v
! v Y 4 S

AnABAULAY AI8L1AT nsunsnszareveniolsn MRSA ufululfunluaniuiiding1 Tnsanizde
lifimssnwnavenauazaueusioiia

p1N1590INsAndeINlsA MRSA uandafulunugaiinunisiadevusisnie dsluuensd
E]WRJENLLNﬁQ%HLﬁG]ﬂ’]’J%L?iEN%emléf Fai¥e MRSA anunsaunsnszanelperiiumensdudamsiandaiu

HUrededalte MRSA wisauinseiansdudaiugiwewuaiiseureglaglivansainis
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e MRSA feaunsaagsenliduszaziiaiuiu ganianusanuie MRSA 19 fregraau Tag
ANuATNG HLdnda Ay vseldeodn wsesysin dmuiuddaiinassaninnisunsnszaeliiuie

MRSA

SUTl 25 uraRnLTe MRSA

ANWAULDINITAAD MRSA N19RI9A14
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A9

sob

[y

UAU

b

Tlvas

Y
SanATuilonTudn
RI9D NLEUINLTD MRSA
UILLA
TN TWEUSDUNRIN
N15AMLY MRSA LLUUWLLNLLazLLWimzmS
IS a &J A .
insfaelunszuaie Sepsis
Insenalussuumaiudaany
ld7ugandn 38°C
Yanulu
d‘ o U a d’l
\Woymladniaudniie
fimsdniavvesnsegn wazlunsegn

YODNLAURMYD
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UNN 3 I5AIUNISIY

o

Tunsanfiunsideutasendu 2 diu dwivilsfenisaiviueudaniionessdyd wavdiuniaesfionis

naFeUNTH LB UATI BV RDAL IEITNTLdsueluemsiae e

[

3.1 msadejusudgnenie ey’

v

311 MI0RNWUUUEUA
ludiuvesnisesnwuuviueud taldlusunsu Autodesk Inventor Tunisesnuiuy lasfviueuday
Usznaulumeaiusigeaail

1. @wgu (Robot platform)

'
a

ludruguasdanwasugudmasy au1aning 60 LwuRluAT 817 60 WURLAT wavEd 30

LURLUNS

FUT 26 UARINITOONUYYA LT TUVBIY U USLITDUBIDINYNUUUAZINYLAN



U 27 uananIseeniuuyueusiiionad91naug

U1 28 uananIs0onkuukyuTIaeY 3 dAveuyugusside

2. dduipdou (Driving Terrain)

29
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Uszneuluseds d1wim 6 do wunludefimuausenewmesdiuiu 2 dawieliiueudauise

a{' av v AY a Y
Lﬂa@u‘ml@ LAZUADDATY 4 8D

3.

4.

szuulalasmealngiaes (Controller Box) war wummadd (Battery) Usznaulushe

Raspberry Pi tioifgulusunsuauauviueud Tagldnwnlnmen

Solid State Relay @ usuniaianlunisiUaldnunasnlng?

Motor Drive 94U 12 Vdc 250 RPM

LUALABIWES wunm 12 Taad 18 weul) uvasdnglivdnuajueus

Inverter 1u1A 300 Y0¢ dvsundasiiihnszuansanuuneeiiduliiinnssuaady Selnlisy
Ballast wag Switching Power Supply

Switching Power Supply 3u1a 12 1aad 40 wond dmsudtenszualnialiiu Motor Drive,
Step down

Step Down @ usuwdaslnihawin 12 Tad Wulnihvwn 5 Tadneusielwliun Raspberry Pi

JUTT 29 unuelinsitousegunsalanagvesues

WULBsWaLNand (Sensor & Webcam Camera)

Usenaulume wesiiensi9inseerd i 2 /1 ARAIEY UM UUNEALAEA UYL IUYRY

Y

(%
Y

Wugud wazndeduuandmiumsdunanisal Aafegusiinnavaiivesiueu
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gi/ﬁ 30 wuvII1a89 Ultrasonic sensor kag Webcam camera

5. vasa b

Ya o =

Tudiuveinisidennaenyd nagideidenldivaenlndiuia 3 vasn Wunasalu

Y

a0

TW48D15L1149 #A311e17 1,149 Hadiuns diduniuaudnans 15 Taduns 48 06 AAME191uYe9

wiaoalil 19.3 Sad A1A33T3n 8,000 F2lus vesUSEM TOKIVA

U 31 wuudraemaenlied

v a

IMNVUIANFINUYBIRDA NV MARALNTINIIdEENY aunsaA ANt vesside]
%39 UV Intensity @ansaisendnagieilsfe Brightness Tunuigiuiindsnis denivualanuiingu
100 MTIUUALLAT @1u1saAIUIale Al

Luminosity (w)

PNANNST 2.2 Brightness =
g 41t X Distance? (cm?)
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19.3x3 (W)

Brightness = ——— o) (3.1)

= 0.00046 w/cm?
= 460 puw/cm?

Al ° . [ ° PRt 1 v
LASLUBDEINITNATUIUNN Brlghtness 1@LLajzﬂzaqﬂquﬂﬂ7ujm‘wqLUaWWImUﬂqsﬂq‘ﬂﬂLﬂjﬂisﬂlﬂ

nepuzRanyinladaeniaie Staphylococcus aureus \Uumegrslunisnaagaunisande tiesainiinng

Y

Y

1091 TudelsaRtvinlfiAnNsRAE ofidundssnga (SSI) (1983910 : Journal of Nursing Science
Chulalongkorn University, “mstestumsindodisumiarnda”, Vol. 29 No. 2, May-August 2017) &4
UV dose figiasldlunisendelsa Staphylococcus aureus Faiirvinifu 6,600 W-sec/cm? fanansly
SUTt 21

gUﬁi 32 UV dose (UW"sec/cm?) required to inactivate 99.9% of various micro-organisms

UV Dose (;LW-CS;CZ)

Brightness (w/cm?)

440,000 (MWCS;CZ)

460 (uw/cm?)
= 14.3478 sec
~ 15 sec
nm3Aan nuiluitud 1 sssunslinailunsendes Staphylococcus aureus Uszanas 15

NEANMST 2.3 Time =

Time = (3.2)

Y

it vhlsiesridindifivuiawiniu 25 saauns musasgiuvestewidn arldnatlunisenide
Staphylococcus aureus Usznes 375 71Ul %39 6 U1l 15 U

312 MSETNVUEUAAULUY
Tuduvesnsadsiususiduuuy dnssuaumadsdl

1. vilpswesdiugiu lnedanlddandu Aluminum profile



FUT 33 uanalpsas naauguyesues

2. AnAaYd 6 a9 198 2 avnaltAasan YUIA 4.5 U7 Lay 4 asnvaaludedasy (Fouea)

U7 34 uaneaoveasueus

3. iananswesiusuddmiuldnasnli wazilugudnansiminvesiugud

33



U 35 Uanaainae uazviaenlnyegyueus

4. Usznavdiuguiudiuainaladimeny

U 36 Uanin15Usenaua g IuAUaNUTINA NI IA e

5. Usgneuians Jeusznauludae Raspberry pi, Motor drive, Step down, Power supply,

Solid state relay, Ballast

34



FUT 37 UanINI379 1995V e

6. Usenauynegnainmieiuuailameunuesadinidun

JUT 38 viususnUsznauasvauysal

35
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3.1.3  MIaselushnIuAIUANUEUR

< FUAUMITIY >—’%<

weuno Wi-Fi

a d’
MEGERN

( UMITNNIY )

!

euae Wi-

Fi fifviua

Y & ) )
llﬁﬂﬂﬁu’ll’]“llvl"lf@] WIDUNADI

l »O

A
Ultrasonic asywiuszee r

)

= o Y
naaaszaznastanla

v o & i

fumdanngldau

UMInsenal

gridonie 1 Speed w50l

lavaoagd l5usa1 Speed

FUT 39 UnElIn 599Uy ayuEus
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3.1.3.1M15AnReszuUU{URNSTA Raspberry pi

szUUUURn13wes Raspberry pi 38171 Raspbian Fsanunsannidluanainlaainiiulednan

U943 raspberry pi 1§ (https://www.raspberrypi.org/downloads/)

gt/ﬁi 40 uanyn1919 https.//www.raspberrypi.org/downloads/

yinnsaulvanliad RASPBIAN STRETCH WITH DESKTOP

5U7 41 uamasiuyiavas RASPBIAN STRETCH WITH DESKTOP


https://www.raspberrypi.org/downloads/

uaziilesanlwdnanuluanunfvualugiiu 4GB Fsiinnusnduazdeslalusunsu 7Zip

(Windows) @mnsanniiluanlaain https://www.7-zip.org/download.html

gt/ﬁi 42 uanminivees https://www.7-zip.org/download. html

Fonjunariledifeants mntuinhnmailvaauagldlusunsy 7zip Tuns unzip lild
RASPBIAN STRETCH WITH DESKTOP
soulunisiiadssyuuufiiinisadlu SD Card lnpazdosinnisamlluanlusunsy Etcher

an50n1 U vianléd https://etcher.io/

U7 43 uanemiiiu https://etcher.io/

38


https://www.7-zip.org/download.html
https://etcher.io/

39

nsaulvanlusunsy Etcher Avingauiupeuiimesnlded anunsaidonlaainuaudiden

YDININANUVY NNTUAIULAAANS LRSS 1899101 ULd SD Card Nagldnmpuiimes

U9 44 uanamheelysunsy Etcher

insalusunsy Etcher adnfidu Select image waidansyuuUUianisiandlvanuineumiil

U7 45 uanamsidenssuuduanisiagaslu SD Card

naLden drive MgasseuuUuRnis (drive ¥es SD Card) asavaeumugnaedliiseusay
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U1 46 uansnisnaiden drive

5 47 uamalu flash

anrvaeuaussuTosuaminatu flash 599UN5ENIATU 100 % Azuansr1dn Flash Complete!
3.1.3.2msWeuaulusunsuAuAd Motor
lumsmuaunisindieuvewiueud anzddavindeniagldniunu 2 danans aunsaniunulv
a o o & v & o o < o = &
AUV aeevias ey Wern wardanansausuanuiinewesialagn1susu Duty Cycle @40

[

lunsiwensiegunsalsening raspberry pi kag motor drive dwsudavi vieail
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TLLLLLILLIYIL]
)

DSI (DISPLAY;

L L
(V43WVD) 1SD

£

ETHERNET

U1 48 uananisiiousaves raspberry pi wag motor drive Naav3

[

lumsi¥eusiaaunsalsening raspberry pi waz motor drive dvsudedny iRl

LLTLLITLIILY)
DSI DISPLAY)

L L
(Vd3Nv0) 1SO

ETHERNET

’

3‘1/17/ 49 uannIsiTeuReYeN raspberry pi Uag motor drive Hvaete

nseulysunsulaglunis set up pin AeslinsaduaIU mechanic Mvin1sieusdaly @9
arusaUsutudsulanuaumuIsan LeA9IEIean pulse width modulation (PWM) Aagidenti
M59UTEIIN Raspberry pi Wag motor drive kagludiuueinsusunanuiiives motor fasnsavilad

1 PWM
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U7 50 uansiiee199e9 code AlTmIUANNISIAGDUT

3.1.3.3 n5WeulUIunsuAIVAN Sensor
lun1smIvAY Sensor naAnzEITeRanty Ultrasonic sensor isvun 2 63 Iagly Raspberry Pi
Weulusuwnsulyt Ultrasonic

Wewgunsalasgy

/
\;

ff A
JU7 51 uaninIsifieunasenan raspberry pi uaz ultrasonic sensors

Weulusunsumeniw) python ieaIuAy ultrasonic e TUswnsulin trig vieulugiaand

fuun 91 echo Az duiSudmya s 9NUUIIRNIAIUAINENT 91NEAS

distance
speed = ———— (3.3)
time
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Weannanuiivendstuegiuimnarsiiuniaiunaslunsdildeaiumeiuennia oy

<@ a = 1 a I @ £ a = = 1 ay v I d'
AIULIIVDUFYIUBNIUDINIANAUNINY 343 m/s LL@SG]’EN@@L’Jﬁ?ﬂi\‘mu\ﬂLWS’]%’JWL’J&’WII@@J']LUUL’J&WV]

waapunslukazndu Faleaunisu

34,300 =

distance
time /2

17,150 X time = distance
Wansilalulusunsuiielyl ultrasonic lariignaes

JUT 52 nnUanesiaeg 1 code Nl¥AIUAY ultrasonic sensors

3.1.3.4n 5 @gulusunsuAIuAx Solid State Relay
Tumadeulusunsuiloninarainisilauazlavaanlvl Tun1saaugy solid state relay 14
A1¥1 python Tun1sA3uAY solid state relay Fait8u normal close Fwmuneanudnieldaaius
HIGH i@ solid state relay azvinl#iasaslidaiu witdoldaaius LOW azinldasasdadu s
fragrauasnanali winliaaius HIGH azidunisUanasaln widlslaaiuz LOW azdunisda

viaaaln



U 53 Uanasieee code lvmauay solid state relay

3.1.3.5 nswiguntnIulad

TunsWumiivladnepneidniildlusunsy Adobe dreamweaver wietielunisileu HTML

g‘t/ﬁ 54 uaninid 1 9lUsunsy adobe dreamweaver

44
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U7 55 pmuaasmsideuniniuled

waglunsdetoyariuszning HTML wag python 1% Flask viefifie web framework Mileudiuun

Wioldeuluntw python ieldlunisasraiuled

Flask

web development,
one drop at a time

U 56 uansdnyanwalves Flask
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U1 57 uanansivasdeyalaely flask #u python uag HTML

a (% [ =2 o Y o ) 4 1 = . | (% 1
ﬂ’15‘1/]’%8?1’111’1iﬂi‘Uﬁ\W@Haﬂﬂﬂu‘lﬂﬁ]’]LUUGI@W]@ network %38 Wi-Fi #aifeaiu wagldian IP veq

raspberry pi Tula python w¥ouisld IP nde Filwd HTML

JUT 58 Uamss s IP



SUY 59 uanIn1saNTeNau U Us9n python
Y v

U7 60 uamin15sudeyaduysuy HTML

47
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3.1.3.6 n15sv8ulUsHNSH Autorun

Y

Waeulusunsuasauafasinn1sdean Wi-Fi Tridudifideanis iivelwaiuisavia autorun e 1ilele

NUATIUBURLazElTuABIie Wi-Fi flfedty

U 61 uanamasamsueaany Wi-Fi

ntiuvinsasa Wi-Fi iy Project2019

U 62 Uaman3iam1 Wi-Fi 1 “Project2019”

yn1383An Autorun taeddli program Nanysaluaudaldeunieuiuneuda raspbery pi
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U7 63 uanseadamsuitluunludleidn raspberry pi

INUUANHIUFUIUEILTeYn autorun aansaisusunisasdelidniudenisia niey

(% '
v v [

agalgAnda sudo service motion start Wi linasutaldnsaunu

U 64 uansmasinaiiiisuduidonay raspberry pi iUn

3.2 NMIMAFIUNTANYDYDITIHY?

= J

aa =1 a8 Yo o vy A a aad
FN1TNAFADUNTITNLUYDUDIIIAY VIW\T?’]@US&J}Q@WWI@ILa@ﬂLL‘Uﬂ‘VlLiEJ‘VIlIGUB'J'] Staphy(ococcus

Y

'
[y o

aureus 1lElUNIVAADUINTIETNUIILTAUNUAYS) 20% - 30% VBINTAALYBIUTDINIAAIAINLTE

Staphylococcus aureus (819849910 : Journal of Preventive Medicine and Hysiene, “Operating
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theatre quality and prevention of surgical site infections”, 54(3): 131-137, Sep 2013) Tnoide
Staphylococcus aureus \Sudafinuldiifuds Tnssayn Weynmadumela Madiuemns waruinusa
adlouaunagniidauasduunauinuiigndudaesdamiudosionsinded dsnmsvaaounsende
FessdyTilasnisintle Staphylococcus aureus snionnsudniludnuunnuemaieae lne
winduaunuey suauiitludsyisessesnaeg dhaamnifusiuuleladveandoioudeuiu
sgwindeunumuANiuILitiluBelsnde

321 omnsiasadis NA (Nutrient Agar)

gunsaluazansiall
1. 0.3% (w/v) Yeast extract 1.5 nfu
2. 0.5% (w/v) Peptone 25  niu
3. 1.5% (w/v) Agar 74 N3y
4. 0.5% (w/v) NaCl 25 nfu
5. dhndu 500  addang
6. AMEBT (Culture Plate) 20 1adans U 20 9U
7. Unines (Beaker) 500  adans
NITUDNAN 1000 {adang
9. wmgUruy (Erlenmeyer flask) 250 dadans 317U 3 1

10. GoUANEIS

11. NITANEAINENT

12. wifafamnusule (Autoclave)
13. \A30INIUANS (Magnetic Stirrer)
14. fasaide (Lamina flow)

15. @ALfiu

CEE

pd)}

16.

)

aile
17. w0AN299aa
18. M99

19. nszANuNDYn

ad o

389N
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# Yeast exact 0.75 n3u ldadluwinguvasy] vunm 250 faddns

W& peptone 1.25 N34, Agar 3.7 A5u, NaCl 1.25 n3u Lainnaudumisludnined naulsidn
fulneldia3osnuans

vhaunaludnineswilanszusnms ududuiilvasy 250 Tadans wavaudrunalfdfulag
nmswmnauldanseninedninesiunszuenmig

wildvagUrmindauundlidunaudniu nnduliadmedonszaeesd tludsnge

memiieils anudule 15 Yaud/ms19in gumail 121 ssmwaidia uiu 15 widl

[
a

Jreanannnilatieanusule Nelidnsinlineseu

1% Yy v
a IS (Y

PlUwldudsats 25 1aaans a2l siaeutanamua 10 ou Uneanudgateliain

[
4 o

Pnuidliliemsdeaeeyi (netuneuiiiesiniglug laminar flow wazdzdedldgle

a ¢ A & v a o
YNUR LL@@ﬂ@@@'ﬁLW@"ZﬂL?J@IML?EJ'U?@EI)

(%
U

Wanudeadawdaainentd Wemsidsadewisaiin (netuneuilsaainiglug laminar
flow)

YFRILFUD 1-7 WNBLALAD1MN5A8TDN 10 9U

& o g & Y o L’ v
NUUUIBINTAUWTDYVN 20 U LLGULﬂUVLﬁUQLE’Ju

3‘1/‘17 65 %9 peptone 1.25 A3



gt/ﬁi 66 54 Yeast Extract 0.75 A

U7 67 %3 NaCl 1.25 a3k

U7 68 59 Agar 3.7 ns

52



U7 69 ignhnduandesudailvisuunieniuars iesauliidriy

U1 70 e mmsideatelansyuens e

U 71 i@sndnaulnle 250 dedans

53



o oA WP

U7 72 wasliisnaulagnisimnauluuisenandnine suasnszuens 2

Ui 73 wilavanguvus 9ndunulitdhiy
322 M599918kUANLSY (Ten-fold serial dilution)
gunsnl
Ynonlud@uuin 1 Jadans
Pipette tips iHLMsEToUET
PrINELaNDged
vhadede
wuAlse Staphylococcus aureus iumul,gm%ya

2115wa7 NA Usuas 10 Saddnslurasavnass Jenunissindaldvandn 1 vaen

27195187 NA USU1915 9 Hadanslunasnnanand F961UN15aNYawaNIULe 9 1asn

35015

WeurfuNo1Isiviad NA Usuies 10 Jaaans Wy 10!

54
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Lﬁﬁauﬁwﬁuﬁwaammiﬁ; g vnsivian NA USunas 9 Sadsns via 10 viaen 1y 101 107,102,
10,10, 10°, 107, 10°%, 10 anueeiy

Thadeds asinde Staphylococcus aureus ntuaudssdefewdnilunauiu
915 NA viaealeuiiudn 10" Uashlvaivuawiliidiiulaenisndinaeanaaes
naulunauin

Td Tips adluBiun ndudahaaneesiideuiiiui 10" duaenaenllauln udldTiunga
wuaseanuaenduuiuins 1 daddns auiWﬁUmwaaﬂmaaaﬁﬂﬂ%LLé’ﬁJm;ﬂﬁaammaam
Liwilowdu

Washgemasaiidouiifiuit 10" daenasalaull uddesuuafiFeantiunadunasn
aulWiiuaevaannaaesdnasudtaqgnuaon udwhlidrtulasniswanvaeanaaeanduly
nduan aglduuaiiieNidonssnsndau 1:10 (dilution 107)

Wi Tips Sulnl ndulitingauuaii3efieglunaen 107 unduuiuing 1 Saadnsly
wuasluvaendiniBouiiiuin 107 waulidniueglduuafiefiionnsdnsdru 1:100 (dilution
10?)

vuetuiuted 5 uay 6 luvaendiussgevnaiviad NA naeaidsuriiu 10° 107, 10°,

10, 107, 10%, 107 muansuaulauAS 898919 MBI SIARIAUATUVISNLS

U7 74 \JeuniuiviaenussgeIIsiviaa 10 viaen



1.

3.2.3
gunsal

Glass spreader

U 75 [eideaIna b aiionioe

U1 76 laaslunaenussgemsivad 10°

JUT 77 yhlildhnuuaeshlviaian

Spread plate
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prINeaoanaged
UUnonludRaun 1 Jaaans
Pipette tips iHUNsELToUE
95% Ethanol

Nutrient agar 971Uu 5 plate

/M3

Tdnafleuasdnuoanaseadlihihilevis 2 419 udsunlfiznnaeafiesiidelsn
T¥ngauuaiefidoarauuy 10-fold dilutions luvaeaildeuiiy 10° Uuns 0.1 adans
Tdasuuimihomnsidsadotu

gingouy glass spreader sen1sunluguly 95% ethanol udiluaulwanmziies Uaeelidu
asdnA3 (Usvanas 20-30 Jund)

indeuvadiFelrinsyaneditiuisadefensmgu glass spreader Wunsnaundouafumyu
plate lUfe lavau plate sunuAfiBonnszaeiisaudsnts Ussnu 3-4 sou) wdilaih
plate THinumsilguiusovamuisndeliadn wazande elass spreader saani1silugulu
95% ethanol

Yrwuafhi3efiioa1wuy 10-fold dilutions Tunasafitdeudifu 10°1U spread plate
WuLRgfute 2-4

a

11 nutrient agar 14 5 plate TUunfigamaill 37°c Wunan 24 $alus legaiRanthermsas

Y

idleasunabiiheenainguy vinnstuiinuanstuiuulaladluanubeaie

U1 78 lethungauuaiise Usums 0.1 ml laasuuiaminernsiaeado iy
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g‘l]ﬁi 79 117 glass spreader [Uauln

gﬂﬁ 80 Spread plate

U9 81 Unaremn 1o

324 vedeumsdwenievasngilug laminar flow
Awnnalglunisanieremaengitug laminar flow AvUIA output vewaealWviniu 8

Watt 5282919 35 LWURLNAT AILAAIIUANNITA 3.4 WALAUNISA 3.5



Brightness = B(w)

41Tx352(cm?) (3.5
= 519.68 uW /cm?
. 6600 (uw2)
Time = 519,68 Gaw/cm?) (3.5)

= 12.7sec = 13 sec
Tunsnaasulai@eNiieas 2x10° ilaeluauldeatanieds spread plate HaMUWIziFe

Vo 5 91w laedl 1 9mumnseiilulseuglidugnmuauieldiuseuifisuivaumsiwenmvien

Wleugdiuan 13 Junil, 26 3w, 39 il waz 53 Uil aud1au

U1 82 nseindenieviaenglug laminar flow

325 YAARUMTENRRnIENangiveuLuRsinYe

° PN A v a | ¢ 1 &N aAa
‘U']ﬂﬂ'ﬁﬂ']u’]mL']a'WﬂSﬂUﬂ'ﬁ‘mLSU@W]Uﬁa@ﬂ%'ﬁl@ﬂﬁu&]u@%'ﬂm@ NHUYUIR output Gﬂaﬁﬁa@@‘lw

WU 19.3 Watt $919U 3 iaen Sx8291a 35 WURkIns faandluaunisi 3.6 wazaun1si 3.7
. 19.3(w)
Brightness = 3.6
& 41Tx352(cm?) (3.6
= 3761.25 uW /cm?
_ 6,600 (uw-=23)
Time = < (3.7)
3761.25 (uw/cm?)
= 1.754 sec = 2 sec
Tunsveasulai@eNiieas 2x10° wlaeluauldeatonieds spread plate HaUWIzide
v 5 9 Taedl 1 numnzideilildouyiid

44' Y = o A A A A
’JLﬂusq@ﬂ'l‘UﬂllLW@I%L‘U?U‘ULWS‘UﬂUf\]']ULW'WL“U@‘WL‘Via@W
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a &

ilunsinusnasmuntivesjusudua i Ungidunal 2 3ud, 4 Jui, 6 Ui wag 8 Fud

Y

ANUAINU

U1 83 nseionIevany IvasueusaTe

3.2.6 MAHBY watt output YBINARAREYT

o o

mannzfdnvinldinismaasy watt output vesnasnsadyiiilelRuulaimaonssdyintedl
UsyAvEnmnnwediaganunsnsinidefidesnisld lunmadey watt output vowmaangneaneginh
\denld power meter §u Thorlabs PM100D Power meter $120C waziiuin1snageuidu 2 nau Loy
poufl 1 ynmsveaeuiiszes 35 iwudums Wellanasayd 1 vaen Taanszeznasndilndfigauaziilna
fian uaziiloilaviaonyd 3 naen neuil 2 imsvaaeu fiszes 10,20,30,40,50,60,70,80,90 Waz 100

WURIAT (SUIRTTELaINNINa1Iwad UV Bot)
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gz/ﬁ 84 uan Thorlabs PM100D Power meter S120C

W 2 MsneasiiinismaassBuainnsiedumed Wodeumesiaioudslrdanios uazvidn
1UfsAn wavelength, Tunnvssdulweisunas uasmuieves watt output WekASeudesudaiunis
Solapnsidugesnedwhuniiidesnis Weldadumesudndumesaznsiviauasiuil Sedoana set
zero ileusuAuastidugudnouas Tauasey Mnduialaneongiiuszernamiadiolieiivaldnad

wazTuUnNaNITNAaeInle

- AIANUUNAUDS Ualguimesiite
AOLTULTDTTULAS

LU SULLAY set zero

- AIANNUILYDS - -
RV PIN Wantaane

watt output

o K
s, Mudueslu TUNNNANIS
fIA1 wavelength

ALAUINADINT NARD

U 85 3.2.6 I5n3naaay watt output Y89aenagI
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a a o
UMM 4 wNan1s28

4.1 MSINNUVBIRUBUA

4.1.1 N139RALUULULUA
31INN1TeRNLUUYuEUAMmElUTLNTY Autodesk YinlaiusudduwuunNTAugWianan 157
a A 1 N v < A A v a a
wuRlung Nduguazlanvasilugudivien vu1andng 60 WUAWAT 817 60 LEURLIAT Lazge 30
WURLLAS, dINULTDYUBUARRAIiaangITIvuR 3 iaen, diuvedduresiidanilelnwuees 2 67

[
a o 1 a 1%

AARIDYUTIUAUULAALAEATUULEIAUNTYITIUVBMUEUA UALNADLIVLANARATOLUSIUNGNY

d1dvesiuud, diunstuimdeudsznaulume denluaumENelnes 2 Aelaraedasy 4 de uavdqu

gavnefeszuululasrealnsiaesuazuunness duandlugun 81

U1 86 uanauuuiIaaeyueusanlusunsy Autodesk
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4.1.2 MTATINUEUA
INNTFUIUNTAT WU UM I LU UANT A NgIivunvasiueun 157 wudins Janild
lumsvihgureegiiealuslvd Yndrugiudmeuruezasanduiseuiu dwidagildlunisvinainais

Aavieavaiiiiluy

U 87 yueusaindenie g

4.1.3  M5aFelUTUNTNAUANUEUA

vdsnnaideulusunsuiiemuaujusudud fusudamnsoviauldlasauaunisiadeud
siumaduled Tnemadousoiiuszuy Wi ety gldnuanunsomuaunisiund noevds iHe)
418 1387971 uazanunsnUfuanivesemes uludinadalanasaluldlasnisnaluuund
Sules annsadunanisaflasnisgriundesuien wag Ultrasonic sensor fifanely iileaaunuvjusus
Tindouiluyies sullufmaunanasiauans Tnglunisldeuuesud aslisyuu Autorun LileWasyuy

NSV UL UG
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daugldan
Webpage .
|
|
|
|
|
|
L ¢ |
ﬂ’J‘u‘V‘I‘UEJ‘Uﬂ |
|
|
|
|
|
FTUUNAU ssuuUssunana ! EEANILINLILY
|
|
et
Step down Raspberry Pi - Ultrasonic
Switching Webcam
Power Supply Camera
Inverter
FTUUAUANNISLATOUT zuURIURUUADALN
Battery
_ < > Relay
Motor Drive
> Ballast

U1 88 rUUMIVANYUEUAZTE
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3“1/17/ 89 User Interphase

[

4.1 N1SNAFIUNISANTBA59EH Y

Y
4.2.1 n15383194UATILSY (Ten-fold serial dilution)
21NN15NAA9LAYINISHIDINUATIS8FALA 10" D9 107 WU WowuATLSadoan9ka11d1un
spread plate udilanafifesnisaeiudailulalaidaiay ddwiulaladiliunuaglidesiiuly fe

2x10”° 138 1:1500 sauanslumns1adi 5



M1519 5 Nan15vin Ten-fold serial dilution

66

WEN13INA8BI

5ULEAIN159T serial dilution

AUTUTY 10" (1:10)
a a v v a A a
JUSunamnututursauaisgluusuuuIn
d{' I o d” Ly 1 =1 =3 o
999N TUNUNL A 981911L 9919 L LD S LAY
Trtinuasaiiduruanautiulidiu vasluviukendu

Talatlneala

Audiudy 102 (1:1,000)
a A Y v a A A !
HUsnaueududuveUAeldeaINI1AY
Wadu 10" sgunauanunsovsaiukendulaladife s

o

N3y widlduulalailnuiney

AULTNLY 2 x 107 (1:1500)
TUSHIUANUINTUVDILUATILSBLIB1NINAIY

WuTL 107 lalatlantosadkagniza8mlIauansge

voaunendulaladifenlddmau Tnedswulelad

VIVUAL 32 A7




67

WEN13INA8BY

Junm

AULUNTY 107 (1:10,000)
TUSHIUAUTNTUTDILUATILSBLIBINNINAIY

Wutu 107 Taladlantoasiaznsyanadi aunsouodiu

wonduleladinonlédaou Tnsulaladnamnd 18

Y

#7

AMALNdY 10 (1:100,000)
TUSHIUANUTNTUTDILUATILSBLIDINNINAIY

Wty 102 ansasesiusendulaladipenlddaau Ty

snnulaladfivosfiuiiiies 4 favidy Wesainay

WUYUYBIUATLS 8T US I ItDEUn

ANUIUYY 107 (1:1,000,000)
TUSuauPNU LTk UATIS 8019 NAu LY

uvinlldnuwuAiSuwae
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WEN13INA8BY E‘LJI]'TW

AAULNYY 107 (1: 1,000,000,000)
FUSUIUANULULTUT DI UATIS et B au LAY LY

ulaldnuwuaiseas

4.2.2 nageUNSHLTaMEvaany]

4.2.2.1 nagaunssidafevaanyTlug laminar flow
nansnasUMsidesevasngifieglug laminar flow tastudefidons 2x10° sumwizdes
#1673 spread plate farudsadeililiovydugnavauiiolfiuisuiisufunudsntofinded
thlveugTifuna 13 3, 26 3unfi, 39 3undt uay 53 Junfl mud iy ssuiuldiuuaiiGeuuauiiyn
Ay fisuaulalaiifanun 28 # anwdsudediunlueuyd 13 JuniifiuuaiiSe Staphylococcus
aureus 31uau 9 lalaidl druaruidsudofiinlueugideusingt 26 Jurduduluauisosnde

Staphylococcus aureus A

UV Disinfection test in Laminar Flow

Time

(s)

Reference Colony UV Sterilization Colony

13 28 9
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Time Reference Colony | UV Sterilization Colony
(s)
26 28 0
39 28 0
52 28 0
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4.2.2.2 NAAUNTUNIDMEVADALIVDI UL UAL YD

& v a o A A a 3 o & X Y
Nafﬂi‘V]ﬂa@‘Uﬂ']i‘&l']Lﬁﬁaﬂjﬂﬁa@@Q’JV‘UEJUWKI@IEJU']LGU@WL‘U@‘U']\T 2x10 NWGU@LGU'Eﬂu"U']ULaENUU@@'JEJ

q

aa a & av vy a ) = Y = o X A4 A 4o
8 spread plate finmumnzeililiovgiilugaamuauiiieldilseuiisuivaumsidefindemilusy
4 Y

ghdunan 2 3undl, 4 Jundl, 6 3wl waz 8 Fundl auddu asulaluuediieuuaufiganIuaw 3

Y

=

Iulalaiivianun 23 f udeatemirlleugituuaiise Staphylococcus aureus 311U 7, 8, 1,
0 lalatimuansiu

UV Disinfection test with UV Robot

Time Reference Colony UV Sterilization Colony
(s)
2 23 7
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Time | Reference Colony UV Sterilization Colony
(s)
6 23 1
8 23 0
4.2.3 NAN1INAEDU watt output mawaamqi‘

watt output Aledunmns1e9 5 FelinssiuAmu datasheet

[

PMNNTNABOIIA watt output NIzer 35 WURLNTINDTAUIZANEAINUDINAATIEYT WUIA

Y

A3 3 NANINAADIRMIUN 1 IN1SVAdeU watt output mawaamg"? N8z 35 WWURLLUAT

IUIUNADA JLYLNNVBY sensor NUVasA (cm.) Watt output 73alé (mw)
1 35 (In9rnvaeniilnagm) 0.166
1 35 (In9nvaeniilndam) 0.349
3 35 (Yaanvaeaillnagm) 0.645




FaneaneInviniont watt output Y0ABALITINI 1 NABANTATEEEUN 35 LWURLIAT

naenilndigalumuin watt output 3391la

0.000349 (w/cm?) = —2W) @

41 X 352 (cm?)

azld watt output wes 1 ween = 5.37 w

a1 watt output YBMABALIIINIM 3 viaeaNTaAIMMIaNLEluN1TEYe

6,600 (uwﬁsec)

cm?
645 (uw/cm?)
= 10.23 sec

aglainleiian 10.23 Auniilunssinaie Staphylococcus aureus A58y 35 WURLLATINNVADA TI9IN

Time = (4.2)

msvanoINssnidedenanngivejusudenideliinaniies 8 Junfifannsnddeldnuaiaiubes
Fo

NANSYIRABIMBUT 2 YinsnaaeuTiszez 10, 20, 30, 40, 50, 60, 70, 80, 90 A 100 LHURALIAT
ilegAIIdUSTEWING UV Intensity uazszozymaainuasn

MI5N 4 HaNITNARDINaNT] 1 ¥INI5NAGeU watt output Y8NVaong IVNITEELAINY

PUIUNADA  TEUZUNVOY sensor AURADA (cm.) UV Intensity (uW/cm?)

3 10 2742
20 874
3 30 502
3 40 326
3 50 304.4
3 60 230
3 70 160.2
3 80 121.3
3 90 94.7
3 100 77

72



INTENSITY

3000
2700
2400
2100
1800
1500
1200

900

600

300

Ultra-violet Intensity

20 40 60 80
DISTANCE

100

120

73
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unil 5 a3Unan133Y

5.1 @3sunanimaasy

Aduatuilliinnisesnuuulazas aiusudeeasie SdgIdmSuReIAn AUaINNTaves

Y

I 13

ay v v ° | Y o ' 3 ¢ v =~ 1
‘VquJ‘LJGl‘VIl@ ﬂ@ﬁﬁ%ﬂquaqmqiﬂﬂjUﬂNﬂqiwqﬂquﬁﬂaﬁﬂUSu@ﬂlﬂLL‘U‘U‘liaWEJNWUW'NLTUVL“UW I@EJI‘UﬂﬁL%@iJW@

9

HIWATDYY Wi-Fi LB U d117150AIUANNISIARDUMAUVEN ARevad laedd1e e taaen1snad

Yunindiuledvsenanfduesamugluiunisdananisalitundeaiuuay waziinsuenssezveddaiin

9

Y71199789an5 1 RAULYDS @1u1TaUsUANISIveNawas sauluTansla-Uavasalnlaannniin
Aules wamdsuresiusudunanuuanes 12 had anunsaldauldidunaiuszuia 30 il e

Wansldnuiusudegnufulszgdnsnm Aellavasaligindeuiamdaunludie a1nnisvaaeunise

1 4 )

S | ¢ Y v a a A o w N a I
LSUBW'JEJ‘V!‘UEJ‘UW ‘W‘U'J']W@QI%L'J@']@EJ'NU@EJ 8 TUIMLWBANAALLUANILIY Staphylococcus aureus Vl@g‘[,u’“ﬂ']u
X & 4 2 ' | ¢ a & a Y ¢ & I 1 Ao
LaUﬁLﬂ@“ﬂﬂ@ﬂ@g%qﬁ‘ﬂqﬂWUﬂum%?L‘U‘Lﬁgﬂg 35 L%umLNmil@@ﬂqﬁamyim LIATUNINATITIATNATUIUNIN
a2 1 dl 1 U L4 dl Vo Y a a U 2 = b4 1
MWD 4 Wi WesnAmdsuveaeallindeyanlasulnendaviasngd (19.3 ad) Aleenidn

NasuveIaan N inlaase (5.37 396) 9ann1sinlagAIes power meter
5.2 UgymiiiadunasiudInawiby

nsfudadayasenindiulseuiana (Raspberry Pi) Auninuanua (Website) lireeiafios &
91afinRNATeNNe Wi-Fi Mieusie anunsaudlulalaenisidensieinievie Wi-Fi iAninau visedsdoya
nutIgUsTInanar g s nauvzdm Ui ud

nsAuALNIsIAABUNvRuus ndsaiukaudmsudunanisaliiyuuesnsuesdiulinitane

sulURnsumeiifadeiisaudesluviemundsiiadsliduiusfundesiuuauiliingavonis

damaliiAnmstadeslunismuaujuoud aunsoudluldlagniafiuduiundeaiieifiuymuoinis

woadiu uarhnsaguiesluuinaiindediamnsodunmly eiuuseansnmlumsauauvususd
MNNANIMAREINIIAGRUMSI TR Busudate wuiidedldinailunisdideunnnini

ANNUNIIVQEA 4 Wi WwsNandnaunsnasuielanell Ussnisusnfemmdsiuvesvasnlnaindey

9 Y

v 1

aY Yo Y a a A o Aoy a ~ ~
nlasulnednannasnyd Tadeenimdsuremasaliiinliass anansaudlulilaenisiasuvaonyd

[ o L4

lindsnuvamasaliiinnitll Usenisiiasshediunanganeaiwesidgitdesunnlidaiunsangguiu

Y

AS£ANVDIDNULRLITOAINANTENUABNITANTD @1usawn llalaen1sAnfLruasouwad (Reflector)

nsLiiuwsuaseuLaRztIsiund L INdosasuninglaanndu
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5.3 WUINENITHAIU
aunsatdyausedvg (Artificial Intelligent) Ineldludiuvreanisiseuinieinies (Machine
Learning) anwaunviueud wieviliaunsaindeudlaneiies iuyueuddndeivinauuuudhluds

(Autonomous) uaglifaenisgldanu (User)
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uni 6 asunadailaanauivde

6.1 upuAePeRiessd UV fNanunsamusunisiedeuiilaegldnulduuulianeiumemdnivled

ylsanusaiuUsEanS N NS e luiongn



aylaulszanauAnldang

P QY o vo & ra o av = o ° P9y
anlddneildiunaaBuinsiseiaddagiu Fruunauvuinaildine)

7

JuUszanasan AdLAAD
nunA1LTIY y Aldane (um)
Nn9lAsINIg (W3oLAu)
UYARINT A31959AI
JUANTUY
ANDULNY
Aldane 430,000 454,300 -24,300
ATER
AassUlng
UAMU: AR
374 430,000 454,300 -24,300

Mnewe SeadeadldingnuenaIshuy
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Python Code #il#lunsaauauvusud

from flask import Flask

from flask import render_template

from flask import request

import RPi.GPIO as GPIO

import time

import cgi

import cgitb

cgitb.enable()

GPIO.setmode(GPIO.BOARD)

app = Flask(__name_ )
GPIO.setwarnings(False)
GPIO.setup(32,GPIO.OUT) # relay

#right wheel

GPIO.setup(7, GPIO.OUT) # Connected to PWMA
GPIO.setup(11, GPIO.OUT) # Connected to AIN2
GPIO.setup(12, GPIO.OUT) # Connected to AIN1
#relay

GPIO.output(32,GPIO.HIGH) # close lamp

#left wheel

GPIO.setup(15, GPIO.OUT) # Connected to BIN1
GPIO.setup(16, GPIO.OUT) # Connected to BIN2
GPIO.setup(18, GPIO.OUT) # Connected to PWMB
pl = GPIO.PWM(7,50)

p2 = GPIO.PWM(18,50)

speed=10

pl.start(speed)

p2.start(speed)

# Set the motor speed

# Motor A:

Xl



GPIO.output(7, GPIO.HIGH) # Set PWMA
# Motor B:
GPIO.output(18, GPIO.HIGH) # Set PWMB
try:
FPIN_TRIGGER = 21
FPIN_ECHO = 22
FPIN_ TRIGGERZ = 23
FPIN_ ECHOZ2 = 24
GPIO.setup(FPIN_TRIGGER, GPIO.OUT)
GPIO.setup(FPIN_ECHO, GPIO.IN)
GPIO.setup(FPIN_TRIGGER2, GPIO.OUT)
GPIO.setup(FPIN_ECHO2, GPIO.IN)
finally:
a=1
@app.route("/")
def index():

#/////////// Ultrasonics 1 START!I!
GPIO.output(FPIN_TRIGGER, GPIO.LOW)
GPIO.output(FPIN_TRIGGER2, GPIO.LOW)
time.sleep(1)
GPIO.output(FPIN_TRIGGER, GPIO.HIGH)
time.sleep(0.00001) # sending 10 us
GPIO.output(FPIN_TRIGGER, GPIO.LOW)
while GPIO.input(FPIN_ECHO)==0: Fpulse_start_time = time.time()
while GPIO.input(FPIN_ECHO)==1:

Fpulse end time = time.time()
HitH####R#H#H number 2 start
GPIO.output(FPIN_TRIGGER2, GPIO.HIGH)
time.sleep(0.00001)
GPIO.output(FPIN_TRIGGER2, GPIO.LOW)

X1



while GPIO.input(FPIN_ECHO2)==0:
Fpulse start time2 = time.time()
while GPIO.input(FPIN_ECHO2)==1:
Fpulse end time2 = time.time()
Fpulse durationl = Fpulse_end time - Fpulse_start time
Fdistancel = round(Fpulse duration1 * 17150, 2)
Fpulse duration2 = Fpulse end time2 - Fpulse_start time2
Fdistance2 = round(Fpulse duration2 * 17150, 2)
return render_template('UVBot.html',Fdistancel = Fdistancel , Fdistance2=Fdistance2)
@app.route(/save', methods=['POST'])
def save():
speed = request.form.get('save' , type =int)
pl.start(speed)
p2.start(speed)
return ",204
@app.route(/cgi-bin/examples/radiobuttons.py’, methods=[POST)
def lamp():
state = request.form['light']
if state == 'off' :
GPIO.output(32,GPIO.HIGH) # close lamp
if state == 'on":
GPIO.output(32,GPIO.LOW) # open lamp
return ",204
@app.route(/left_side’)
def left_side():
datal="LEFT"
# Motor A:
GPIO.output(11, GPIO.LOW) # Set AIN1
GPIO.output(12, GPIO.HIGH) # Set AIN2
# Motor B:

XV



GPIO.output(15, GPIO.LOW) # Set BIN1
GPIO.output(16, GPIO.HIGH) # Set BIN2
return 'true’
@app.route(/right_side’)
def right_side():
datal="RIGHT"
# Motor A:
GPIO.output(11, GPIO.HIGH) # Set AIN1
GPIO.output(12, GPIO.LOW) # Set AIN2
# Motor B:
GPIO.output(15, GPIO.HIGH) # Set BIN1
GPIO.output(16, GPIO.LOW) # Set BIN2
return 'true’
@app.route(/up_side)
def up_side():
datal="FORWARD"
# Motor A:
GPIO.output(11, GPIO.LOW) # Set AIN1
GPIO.output(12, GPIO.HIGH) # Set AIN2
# Motor B:
GPIO.output(15, GPIO.HIGH) # Set BIN1
GPIO.output(16, GPIO.LOW) # Set BIN2
return 'true’
@app.route(/down_side')
def down_side():
datal="BACK"
# Motor A:
GPIO.output(11, GPIO.HIGH) # Set AIN1
GPIO.output(12, GPIO.LOW) # Set AIN2
# Motor B:
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GPIO.output(15, GPIO.LOW) # Set BIN1
GPIO.output(16, GPIO.HIGH) # Set BIN2
return 'true'
@app.route(/stop)
def stop():
datal="STOP"
GPIO.output(11 , 0)
GPIO.output(12 , 0)
GPIO.output(15 , 0)
GPIO.output(16 , 0)

return 'true'

if _name_  ==" main__

app.run(host='192.168.43.5',port=5010)

HTML Code dwsunisvinudniuled
<IDOCTYPE html PUBLIC "-//W3C//DTD XHTML 1.0 Transitional//EN"
"http://www.w3.0rg/TR/xhtml1/DTD/xhtml1-transitional.dtd">
<html xmlns="http://www.w3.0rg/1999/xhtml">
<head>
<script src="https://ajax.googleapis.com/ajax/\ibs/jquery/3.1.1/jquery.min.js"></script>
<script type="text/javascript">
setinterval("my_function();",1000);
function my_function(){
S('#apDiv10').load(location.href + ' #apDiv11l),
}
</script>
<meta http-equiv="Content-Type" content="text/html; charset=utf-8" />
<title>Untitled Document</title>

<style type="text/css">
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#apDiv1 {

}

position: absolute;
width: 73px;
height: 28px;
z-index: 1;

left: 1318px;

top: 378px;

#apDiv2 {

position: absolute;
width: 85px;
height: 29px;

z-index: 2;

}

left: 1312px;

top: 467px;

#apDiv3 {

}

position: absolute;
width: 57px;
height: 26px;
z-index: 3;

left: 1416px;

top: 407px;

#apDiva {

position: absolute;
width: 47px;
height: 29px;
z-index: 4;

left: 1231px;
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top: 408px;

}

body,td,th {
color: #09F;
font-size: 30px;
font-weight: 800;

}

#apDiv5 {
position: absolute;
width: 79px;height: 30px;
z-index: 1;
left: 1294px;
top: 354px;

}

h1,h2,h3,h4,h5,h6 {

font-family: "Courier New", Courier, monospace;

}

hl{
font-size: 80px;
color: #F30;

}

h2 {
font-size: 40px;
color: #000040;

}

#apDivé {

position: absolute;
width: 332px;
height: 33px;

z-index: 5;
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left: 1221px;

top: 547px;
}
#apDiv7 {
position: absolute;
width: 200px;
height: 115px;
z-index: 6;
left: 192px;
top: 373px;
}
#apDiv8 {
position: absolute;
width: 258px;
height: 180px;
z-index: 6;
left: 863px;
top: 364px;
}
body {
background-color: #9DCFF9;
}
hé {
font-size: 30px;
}
#apDiv9 {

position: absolute;
width: 640px;

height: 480px;
background-color: #999;
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layer-background-color: #999;
border: 1px none #000000;
z-index: 7;
left: 26px;
top: 355px;
}
#apDiv10 {
position: absolute;
width: 258px;
height: 180px;
z-index: 6;
left: 863px;
top: 564px;
}
</style>
</head>

<body>
<form id="form1" name="form1" method="post" action="">
<div align="center">
<h1>
<strong>KMITL</strong></h1>
<div id="apDiv1">
<div align="center">
<input name="Forward" type="button" id="up" value="Forward" />
</div>
<div align="left"></div>
</div>

</div>

</form>

XX



<div id="apDiv3">
<input type="submit" name="button2" id="right" value="Right" />
</div>
<div id="apDiv2">
<input name="Forward2" type="button" id="down" value="Backward" />
</div>
<div id="apDiv4">
<input type="submit" name="Submit" id="left" value="Left" />
</div>
<form id="form2" name="form1" method="post" action="">
<div align="center">
<h2>Ultra-Violet Sterilization Bot </h2>
<h2>for Operating Room</h2>
</div>
</form>
<div id="apDiv6">
<l-- Speed
<input type="text" name="textfield" id="textfield" />

<input type="submit" name="button3" id="button3" value="Submit" /> -->

<form id="contact-form" action="/save", method="POST">
<p>Speed<input type = "text"' name = "save" /></p>
<p><input type = "submit" value = "submit" /></p>

</form>

</div>

<div id="apDiv10">
<p>Distance of front obstacle {{Fdistancel}} cm </p>
<p>Distance of back obstacle {{Fdistance2}} cm </p>

</div>

<div id="apDiv11">
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<p>Distance of front obstacle {{Fdistance1}} cm </p
<p>Distance of back obstacle {{Fdistance2}} cm </p>
</div>
<div id="apDiv8">
<I-- <form id="form3" name="form3" method="post" action="">
<h6>
<label>
<input type="radio" name="RadioGroup1" value="radio" id="RadioGroupl 0" />
Close Lamp</label>
<br />
<label>
<input type="radio" name="RadioGroup1" value="radio" id="RadioGroupl 1" />
Open Lamp</label>
<br />
</h6>
</form> -->
<form action="/cgi-bin/examples/radiobuttons.py" method="POST">
<input type="radio" name="light" value="on">Turn on<br>
<input type="radio" name="light" value="off">Turn off
<br>
<input type="submit" value="Submit">
</form>
</div>
<div id="apDiv9"><img src="http://192.168.43.5:8081" /></div>
<script>
$( document ).ready(function(){
S("#down").on("mousedown", function() {
S.get(/down_side’);
D.on(mouseup’, function()$.get(/stop");

D;
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S("#up").on("mousedown”, function() {
S.get(/up_side’);
P.on('mouseup’, function() {
$.get(/stop’);
b;
S("#left").on("mousedown”, function() {
S.get(/left_side);
P.on('mouseup’, function() {
$.get(/stop’);
b;
S("#right").on("mousedown", function() {
S.get(/right_side’);
P.on('mouseup’, function() {
S.get(/stop’);
b;
b;
</script>
<script>
document.addEventListener('’keydown', function(event) {
iflevent.keyCode == 37) {
<l-- alert(Left was pressed');-->
S.get(/left_side);
}
else iflevent.keyCode == 39) {
<I-- alert('Right was pressed');-->
S.get(/right_side");
}
else iflevent.keyCode == 38) {
<I-- alert('Forward was pressed');-->

S.get(/up_side’);
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}
else iflevent.keyCode == 40) {
<l-- alert('Backward was pressed');-->

S.get(//down_side);

b;

document.addEventListener('keyup', function(event) {
S.get(/stop');

b;

</script>

</body>

</htm(>
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Wibool Piyawattanametha, PhD

King Mongkut’s Institute of Technology Ladkrabang (KMITL)
Group Leader, Advanced Light Microscopy
1 Soi Chalong Krungl, Ladkrabang, Bangkok, 10520 Thailand, T: +66 (0)2-329-8000

Email: wibool@gmail.com and wibool.pi@kmitl.ac.th

Adjunct Professor, Institute for Quantitative Health Science & Engineering, Michigan State University

220 Trowbridge Rd, East Lansing, MI 48824, USA, T: +1 517-355-1855

Email: piyawattemsu.edu

EDUCATION

University of California, Los Angeles, USA (2000 - 2004)

Doctor of Philosophy in Electrical Engineering

University of California, Los Angeles, USA (1997 - 1999)

Master of Science in Electrical Engineering

King Mongkut’s Institute of Technology Ladkrabang, Bangkok, Thailand (1990 - 1994)

Bachelor of Electronics Engineering (Magna cum laude)

ACCOMPLISHMENTS/AWARDS

® Recognized on Times Higher Education Ranking Website as a notable KMITL  Alumni

(https://www.timeshighereducation.com/world-university-rankings/king-mongkuts-institute-technology-ladkrabang)

® Awarded 3" prize from the International Contest of Applications in Nano-micro Technology (ICAN) 2018, Hong
Kong, China

® Awarded Gold Medal Award for Smart Road surface Monitoring System via Cloud Computing from the 46th

International Exhibition of Inventions of Geneva 2018, Geneva, Switzerland

® Awarded Bronze Medal Award for smart emergency vehicle notification APP and traffic clearing system via

cloud computing from the 46th International Exhibition of Inventions of Geneva 2018, Geneva, Switzerland
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Awarded Special prize for smart emergency vehicle notification APP and traffic clearing system via cloud

computing from Korea Invention Promotion Association 2018

Awarded Recognition Award for Smart Road surface Monitoring System via Cloud Computing from National

Research Council of Thailand 2018, Bangkok, Thailand

Awarded Recognition Award for smart emergency vehicle notification APP and traffic clearing system via cloud

computing from National Research Council of Thailand 2018, Bangkok, Thailand

Awarded 2™ prize from the International Contest of Applications Nano-micro Technology (ICAN) 2017, Beijing,
China

Awarded Silver Prize in Leaders in Innovation Fellowships 2017, the Royal Academy of Engineering, London,

United Kingdom

Awarded 2" prize from the International Contest of Applications Nano-micro Technology (ICAN) 2016, Paris,

France

Awarded Leaders in Innovation Fellowships 2017 from the Royal Academy of Engineering, London, United
Kingdom

Awarded the Newton Fund Researcher Links in 2015 from the British Council, United Kingdom

Awarded 3" prize from the International Contest of Applications Nano-micro Technology (ICAN) 2015,
Anchorage, Alaska, USA

Awarded Fraunhofer-Bessel Research Award in 2014 from the Alexander von Humboldt Foundation, Berlin,

Germany

Awarded Young Scientists Award 2013 from the World Economic Forum (WEF), Geneva, Switzerland- given
to top 40 young scientists under the age of 40 who plays transformation role in integrating scientific

knowledge and technological innovation to improve the state of the world

Awarded an excellent paper award from the International Workshop on Image Electronics and Visual

Computing (IIEJ) 2014, Bangkok, Thailand

Awarded 2™ prize from True Innovation, Bangkok, Thailand 2012

Awarded Erasmus Mundus Grant 2012 from the European Commission

Awarded 2™ prize from the Global Entrepreneurship Competition (GEC) 2011, Barcelona, Spain
Outstanding paper award from Transducers 2011, Beijing, China, 2011

Awarded 1% prize from the Global Social Venture Competition (GSVC) 2011, Bangkok, Thailand
Achieved over 2600 citations with h-index of 25

Served as a Director of Advanced Imaging Research Center at the Faculty of Medicine, Chulalongkorn University

(2010-14)
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® Contributed to seven book chapters and filed 5 patents in micro- and nano-systems and biomedical imaging

technology
® Presented at over 300 professional meetings including invited talks at various world class research institutes
® Served as a principal investigator (P1) in the following funding agencies since 2009 (US$ 3+ million):

® National Research Council (NRC)

® Chulalongkorn University

® National Science and Technology Development Agency (NSTDA)

® Office of the Higher Education Commission (OHEC)

® Thailand Research Fund (TRF)

® Served as a founding member and an executive committee member of the Global Young Academy (GYA) and

Thai Young Scientists Academy (TYSA) in 2010

® Flevated to be senior members of The Institute of Electrical and Electronics Engineers (IEEE) in 2010, The
Optical Society of America (OSA) in 2011, and The Society of Photo-Optical Instrumentation Engineering (SPIE)
in 2012

® Served as a co-investigator in:
® National Cancer Institute (NCI), USA-funded Network for Translational Research Award (USS$ 17+ million) to
develop an endoscopic confocal microscope, ultrasound transducers, and nanoparticle-based wide-field

spectral imaging devices, for molecularly-targeted disease detection in the gastrointestinal tract from 2005

to 2013

® Howard Hughes Medical Institute (HHMI), USA-funded for Deep Brain Imaging Award (US$ 5+ million) to

develop ultraportable 2-photon microendoscopes for mouse brain imaging from 2006 to 2010

® Served as a technical and program reviewer for:

® Department of Defense (DOD), USA

® National Institutes of Health (NIH), USA

® National Science and Technology Development Agency (NSTDA), Thailand

® Thailand Research Fund (TRF)
® Served as a technical program committee member and a technical program chair for:

® SPIE Photonics West Optical MEMS and Miniaturized Systems Conference from 2007 until present (chair)

® |[EEE NANOMED Conference in 2012 until present (chair)

® |[EEE CYBER Conference in 2012 (chair)

® |nternational Conference on Beneficial Microbes (ICOBM) in 2016 (chair)

® |EEE Optical MEMS and Nanophotonics (OMN) Conference from 2015 until present (committee)
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® [EEE Nano/Micro Engineered and Molecular Systems (NEMS) from 2012 until present (committee)

® International Conference on Bioinformatics and Biomedical Engineering (iCBBE) from 2008 - 2013
® Served as a co-editor and a technical reviewer for:

® Journal of Micro/Nanolithography, MEMS and MOEMS (JM3) in 2014 (guest editor)

® PLOS ONE from 2012 to present (reviewer)

® International Journal of Cancer (JC) from 2011 until present (reviewer)

® Journal of Biomedical Science and Engineering (JBiSE) from 2008 until present (reviewer)

® |EEE Journal of Selected Topics in Quantum Electronics USTQE) from 2006 until present (reviewer)

® [EEE Journal of Microelectromechanical Systems UMEMS) from 2005 until present (reviewer)

® |EEE Transactions on Semiconductor Manufacturing from 2012 until present (reviewer)

® Springer International Journal of Computer Assisted Radiology and Surgery 2012 until present (reviewer)

® Authored and co-authored over 80 manuscripts published in peer-reviewed conference proceedings and

journals such as IEEE, OSA, SPIE, Elsevier, and Nature Publishing Group

® Taught classes or gave lectures at various institutes (UCLA, Stanford University, HKUST, TECHNION, Peking

University, National Taiwan University, National Tsing Hua University, Tokyo University, etc.)

PROFESSIONAL EXPERIENCE

Michigan State University (2018 - Present)

Adjunct Professor, Institute for Quantitative Health Science & Engineering

King Mongkut’s Institute of Technology Ladkrabang (KMITL) (2014 -

Present)

Group Leader of Light Microscopy, Vice Director of the KMITL Research and Innovation Division (2015-16)

Fraunhofer IPMS (2014 - Present)

Technology Consultant
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King Mongkut’s Institute of Technology Ladkrabang (KMITL) (2014 -
2016)

Vice Director of Research and Innovation

National Electronics and Computer Technology Center (NECTEC) (2009 - 2014)

Group Leader of Light Microscopy

Chulalongkorn University, Faculty of Medicine (2009 - Present)
Director of Advanced Imaging Research (AIR) Center

Adjunct Professor, Department of Internal Medicine

Stanford University (2007 - 2009)
Physical Science Research Associate

Departments of Applied Physics, Biology, Electrical Engineering, and Pediatrics

® Demonstrated the first clinical use of a novel handheld Dual-Axes Confocal microscope (10-mm diameter) in
live human patients in skin, with the ultimate goal to examine for monitoring sub-mucosa cancer progression

and drug delivery through skin
® Demonstrated the first Dual-Axes Confocal endoscope (< 5 mm diameter) for Gl tract imaging

® Demonstrated the first use of MEMS based portable two-photon fluorescence microendoscope (< 3.5 grams)

for deep brain imaging in live awaking mice to correlate their behaviors to brain activities

Stanford University (2005 - 2006)
Post-doctoral research scholar

Departments of Applied Physics, Biology, Electrical Engineering, and Pediatrics
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® | edateam of four to develop two novel miniaturized medical microendoscope and endoscope by combining
MEMS, micro-optics, and beam scanning microscopy. Those microendoscopes/endoscopes are:
OTwo-photon microendoscope: to be used in small animal imaging
ODual-axes confocal endoscope: to be used in human patients
® Co-developed the first compact 2-D MEMS scanners with high speed and large angular rotation for endoscopic
imaging applications
® Optimized micro-fabrication process of MEMS scanners to increase production yield, production efficiency,
and increase scanner performance

® | ectured in MEMS/Optics classes at Stanford University

University of California, Los Angeles (1997 - 2004)

Graduate student researcher

® Demonstrated the first 2-D MEMS scanners based for an Ultrahigh Resolution Optical Coherence Tomography
(UHR-OCT) imaging endoscope

® Designed, fabricated, and demonstrated the first 2-D MEMS scanners with electrostatic angular vertical comb

(AVC) actuators based on surface and bulk micromachined techniques for endoscopic imaging application
® Demonstrated the first MEMS based Non-Interferometric Differential Confocal Scanning Optical Microscope

® (Co-developed the first linearization control method for electrostatically actuated surface micromachined 2-

D scanner

® |ectured in a MEMS fabrication/design class to undergraduate and graduate students at UCLA

Schlumberger Limited (1994 - 1997)

Field Engineer (FE)

® Provided oil and gas reservoir evaluation engineering services by using electrical wireline logging technology

to localize the hydrocarbon layers of the subsurface reservoir
® Managed and led a team of 4 members to provide these services

® Responsible for engineering services valued at $300,000 - $500,000 per month
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® (Collected and analyzed technical data and coordinated engineering project activities with major clients e.g.

Exxon-Mobil, Unocal, and TOTAL

Research

1. Publication refereed

a. Journal

il L. Jung, D. Lopez, Z. Qiu, and W. Piyawattanametha, “2-D MEMS Scanner for Handheld Mutispectral Dual-
Axis Confocal Microscopes,” IEEE Journal of Micro Electromechanical Systems (JMEMS), May 24, 2018, vol.
PP, no. 99, pp. 1-8.

2 Z. Qiu and W. Piyawattanametha, “New Endoscopic Imaging Technology Based on MEMS Sensors and
Actuators,” Micromachines 2017, 8(7), 210; doi:10.3390/mi8070210.

3l Z. Qiu and W. Piyawattanametha, "MEMS-Based Medical Endomicroscopes,” Journal of Selected Topics in
Quantum Electronics (JSTQE), Vol.21, No.4, August 16, 2015, DOI 10.1109/JSTQE.2015.2389530.

@ N. Khemthongcharoen, A. Ruangpracha, P. Sarapukdee, S. Rattanavarin, R. Jolivot, U. Jarujareet, K. Plaimas,
P. Bhattarakosol, S. Patumraj, and W. Piyawattanametha, “Novel p16 binding peptide development for p16-
overexpressing cancer cell detection using phage display,” Journal of Peptide Science, Vol. 21, Issue 4, April
2015, pp. 265-273.

5 Z. Qiu and W. Piyawattanametha, “MEMS based fiber optical microendoscopes,” Displays, Vol. 37, April
2015, pp 41-53.

6] C.B. Wong, B. Y. Khoo, S. Sasidharan, W. Piyawattanametha, S. Kim, N. Khemthongcharoen, M. Y. Ang, L. O.
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8] N. Khemthongcharoen, S. Rattanavarin, R. Jolivot, and W. Piyawattanametha, “Advances in imaging probes
and optical microendoscopic imaging techniques for early in vivo cancer assessment (invited paper),”

Journal of Advanced Drug Delivery Reviews, July 30, 2014, Vol. 74, pp. 53-74.
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2003, pp. 251-252.

H. Nguyen, D. Hah, P. R. Patterson, W. Piyawattanametha, and M. C. Wu, “A Novel MEMS Tunable Capacitor
based on Angular Vertical Comb Drive Actuators,” Solid-State Sensor, Actuator, and Microsystems, Hilton
Head Island, South Carolina, June 2-6, 2002, pp. 277-280.

W. Piyawattanametha, P. Patterson, G. D. Su, H. Toshiyoshi, and M. C. Wu, “A MEMS Non-Interferometric
Differential Confocal Scanning Optical Microscope,” The 8" International conference on Solid-State Sensors,
Actuators, and Microsystems (Transducers 2001 & Eurosensors XV), Munich, Germany, June 10-14, 2001, pp.
590-593.

H. Toshiyoshi, W. Piyawattanametha, C. T. Chan, and M. C. Wu, “Linearization and Analysis of
Electrostatically Actuated MEMS 2-D Optical Scanner,” Late News Technical Digest of Solid-State Sensor
and Actuator Workshop (Hilton Head 2000), South Carolina, CA, USA, June 4-8, 2000, pp. 7-8.
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31 W. Piyawattanametha, H. Toshiyoshi, J. LaCosse, and M. C. Wu, “Surface Micromachined Confocal Scanning
Optical Microscope,” Technical Digest Series of Conference on Lasers and Electro-Optics (CLEO) 2000, San
Francisco, CA, USA, May 7-12, 2000, pp. 447-448.

w41 G. D. Su, W. Piyawattanametha, R. Rollier, L. Fan, and M. C. Wu, “MEMS 2D Scanning Mirror for Dynamic
Alignment in Optical Interconnect,” Proceedings of Integrated Photonics Research (IPR’99), Santa Barbara,

CA, USA, July 1999.

1951 W. Piyawattanametha, L. Fan, and M. C. Wu, "MEMS Technology for Optical Crosslink for Micro/Nano

Satellites," The International Conference on Integrated Nano/Microtechnology for Space Applications

(NanoSpace’98), NASA/Johnson Space Center, Houston, TX, USA, November 1-6, 1998.

2. Invited/keynote talks (selected)

11 “Microendoscopy techniques based on MEMS technology,” APCOT, Hong Kong, China (Keynote).

21 “MEMS technology for light microscopy,” International Contest of Applications in Nano-micro Technology
(ICAN) 2017, Beijing, China (Keynote).

(3 “Light microendosocpy with MEMS technology,” Imperial College, London, July 2016 (Invited).

4 “Innovation State of Thailand,” Sci Days, Saint Petersburg, Russia, October 21, 2015 (Invited).

51 “Recent updates in optical microendosocpy,” Institute of Photonics and Microsystems, Fraunhofer Institute,
Dresden, Germany, August 31, 2015.

6] “Light microendoscopy with MEMS technology,” IEEE Nanoelectromechanical Systems (NEMS) 2015, Xian,
China, April 7-11, 2015.

1 “Confocal microendoscopy,” International Coastal Biology Congress 2014, Yantai, China, September 26-30,
2014.

B “Image Mosaicing Technique and Real-Time Imaging with MEMS based Handheld Confocal Microscope,”
The 18th International Computer Science and Engineering Conference (ICSEC 2014), Khon Kean, Thailand,
July 30 - Ausust 1, 2014.

o1 “Light microendoscopy for early cancer detection,” The International Conference on Beneficial Microbes
(ICOBM) 2014, Penang, Malaysia, May 27-29, 2014.

o “MEMS based medical microendoscope,” Institute of Photonics and Microsystems, Fraunhofer Institute,
Dresden, Germany, March 19, 2014.

111 “Early cancer detection with photonics technology,” The 1% Young Scientists Meeting, Tokyo, Japan,

February 13-14, 2014,
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[15]

[22]

[23]

[24]

[28]

[31]

[32]
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XL

“Entrepreneurial Spirits in Thailand,” The 1* Workshop for Young Scientists and Engineers, Jerusalem, Israel,
November 25-28, 2013.

“Advance in light microendoscopy,” Technion, Haifa, Israel, November 24, 2013.

“The Global Young Academy Activities,” Regional Meeting of the Global Research Council (GRC), Jeju Island,
Korea, November 18-19, 2013.

“MOEMS devices for endoscopic imaging,” Samsung Advanced Institute of Technology (SAIT), Seoul, South
Korea, August 29, 2013.

“Advanced light microendoscopy,” Seoul National University (SNU), Seoul, South Korea, August 28, 2013.
“Early cancer detection with optical imaging,” Toyota Technological Institute University, Nagoya, Japan,
August 23, 2013.

“Light microendoscopy for cancer detection,” National Chiao Tung University, Taipei, Taiwan, July 18, 2013.
“Endoscopic imaging,” National Taiwan Unviersity (NTU), Taipei, Taiwan, July 17, 2013.

“Advanced confocal imaging,” the 2" Bio-Photonics Workshop,” Taipei, Taiwan, July 17-19, 2013.

“Light microendoscopy,” University of Bourgogne, Bourgogne, France, May 7, 2013.

“Confocal microendoscopy and biomarkers,” Conference on nanobiology, Okayama, Japan, March 12-13,
2013.

“Advance in light microendoscopy,” BiodApps 2012, Singapore, November 19-20, 2012.

“Light microscopy,” University of Bourgogne, Bourgogne, France, October 16, 2012.

“Review: Microendoscopic imaging,” South Africa’s Council for Scientific and Industrial and Research (CSIR),
Pretoria, South Africa, May 20, 2012.

“Biomedical imaging,” 4th Khonkaen University (KKU) International Engineering Conference 2012, May 10-11,
2012.

“Micro- and nano-technology for medical devices, “NSTDA Academy Lecture at NSTDA Science Park, January
19, 2012.

“Biomarkers technology for in vivo imaging,” Hong Kong University of Science and Technology (HKUST),
Kowloon, Hong Kong, November 9, 2011.

“Micro- and nano-technology R&D research in Thailand,” ICMAN 2011, Shenzhen, CN November 4-6, 2011.
“Revolutionizing Microscope: Imaging, Analysis, and Application,” Thai Society of Microcirculation, Faculty of
Medicine, Chulalongkorn University December 22, 2010.

“Advanced Confocal Microendoscopy,” IAP Young Scientists Conference in the World Economic Forum,
Tianjin, September 12-16, 2010.

“Noninvasive dermatologic measurement: from research to clinical,” Dermatological Society of Thailand,
September 10, 2010.

“Optical Microscopy 101,” King Mongkut Institute of Technology Thonburi (KMUTT), August 30, 2010.
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“Biological imaging with handheld microscope,” King Mongkut Institute of Technology Thonburi (KMUTT),
June 11, 2010.

“MEMS based endoscopic imaging,” Argonne National Laboratory, Chicago, USA, April 3-7, 2010.

“Cancer Imaging with optical technique,” Khonkean University (KKU), April 23, 2010.

“Advanced Imaging with molecular- or bio-markers,” NAC 2010, Thailand Science Park, Bangkok, March 28-30,
2010.

“Imaging Systems in Dermatology,” Thai Dermatological Society Annual Meeting, Centrara Hotel, March 11-
12, Bangkok 2010.

“Advanced Imaging with Nanotechnology,” UK-Thailand Nanomedicine Symposium, Siriraj Hospital, Bangkok,
March 23-24, 2010.

“Advanced Confocal Imaging,” The Fifth National Conference on Optics and Applications (NCOA), Jaopraya
Park Hotel, Bangkok, February 5, 2010, pp. 3.

“From Laboratory to Clinic with Endoscopic Imaging,” Xiamen University, China, January 20, 2010.
“Photonics in Medical Imaging Technology,” Hong Kong University of Science and Technology (HKUST),
Kowloon, Hong Kong, January 5, 2010.

“3-D in vivo imaging with a miniature dual-axes confocal fluorescence microscope,” The 4" IEEE International
Symposium on Biomedical Engineering (ISBME), Plaza Athenee, Bangkok, December 14-18, 2009.

“Biosensors for Medical Device Industry,” NECTEC ACE 2009, Thailand Science Park, Convention Center
(TSPCC), September 23-25, 2009.

“From lab to hospital with imaging technology,” King Mongkut Institute of Technology Thonburi (KMUTT),
Thailand, September 2009.

“Dual-Axes Confocal Microscopy for Human Skin Clinical Imaging (Keynote),” IEEE Optical MEMS and Nano-
photonics 2009, Tampa, Florida, August 17, 2009.

“From Bench to Bedside with Advanced Microscopy,” The 4™ International Conference on Sensors 2009
(AsiaSense), The Imperial Queen’s Park Hotel, Bangkok, Thailand, July 29-31, 2009.

"Advanced Optical Endoscopy and Microendoscopy," Stanford University Photonics Retreat (SUPR), Monterey,
CA, April 3-5, 2009.

“Dual-Axes Confocal Microscope for Advanced Clinical Diagnosis,” Medical Technology Symposium,
Chiangmai University, Chiangmai, Thailand, November 12, 2008.

“Real time in vivo cancer diagnosis with a MEMS based Confocal Microscope,” the 1 Annual Symposium on
Molecular Imaging 2008, Belle Villa Resort Chiangmai, Thailand, November 9-12, 2008.

“In vivo drug monitoring and real-time disease diagnosis with a MEMS based handheld Dual-Axes Confocal
Microscope,” NanoThailand Symposium 2008, Queen Sirikit National Convention Center, Bangkok, Thailand,

November 6-8, 2008.
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XLV

“From bench to bedside with Advanced Microscopy and Endoscopy,” at BIOTEC, a member of NSTDA,
Bangkok, Thailand, November 4, 2008.

“Advanced Clinical Imaging (Invited Talk),” Ramathibodi University Hospital, Bangkok, Thailand, September
16, 2008.

“Clinical diagnostic with novel medical imaging systems,” at Fraunhofer Institute for Photonic Microsystems,
Dresden, Germany, August 18, 2008.

“Novel biomedical imaging and drug monitoring with micro- and nano-technology,” Tokyo University, Tokyo,
Japan, May 19, 2008.

“MEMS and MOEMS packaging,” Topcon Corporation, Tokyo, Japan, May 19, 2008.

“Skin imaging technique with a handheld dual-axes confocal microscope,” the International Investigative
Dermatology 2008, Kyoto, Japan, May 14, 2008.

“Real time skin microscopy with confocal microscopy,” the International Society of Biophysics and Imaging
of Skin (ISBS) 2008, Seoul, Korea, May 7-10, 2008.

“Advanced Endoscopy,” the Hong Kong University of Science and Technology (HKUST), Kowloon, Hong Kong,
September 5, 2007.

“MEMS Applications in Biomedical Imaging,” the National Taiwan University (NTU), Taipei, Taiwan, August 17,
2007.

“MEMS based two-photon microendoscope,” Stanford Photonics Research Center Symposium (SPRQ),
Stanford CA, September 18-20, 2006.

“Surface and Bulk Micromachined Two-Dimensional Angular Vertical Comb Actuators Scanner for Endoscopic
Ultrahigh Resolution Optical Coherence Tomography Imaging,” at Optical Sciences Center, the University of

Arizona, October 8, 2004.

Media articles and awards (selected)

Listed on Times Higher Education Ranking Website as a notable KMITL  Alumni
(https://www.timeshighereducation.com/world-university-rankings/king-mongkuts-institute-technology-
ladkrabang)

Served as a guest news editor for the Nation Newspaper on “World Science Forum looks at bitcoin
phenomenon,” December 7, 2017. (http://www.nationmultimedia.com/detail/Economy/30333359)

Won the 2™ prize from the International Contest of Applications in Nano-micro Technology (ICAN) 2017,
Beijing, China.

Press coverage on the Nation Newspaper on “KMITL Engineering Students Win Award,” July 19, 2016.
(http://www.nationmultimedia.com/business/KMITL-ENGINEERING-STUDENTS-WIN-AWARD-30290875.html)
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[7]

[10]

[11]
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Won the 3" prize from the International Contest of Applications in Nano-micro Technology (ICAN) 2016, Paris,
France.

Served as a guest news editor for the Nation Newspaper on “First Science Leadership Programme for ASEAN,”
July 19, 2016. (http://www.nationmultimedia.com/business/First-Science-Leadership-Programme-for-Asean-
30290867.html)

Served as a guest news editor for the Nation Newspaper on “The Indispensable Intertwined Ties in the Digital
Era,” April 15, 2016. (http://www.nationmultimedia.com/business/The-indispensable-intertwined-ties-in-the-
digital--30283845.html)

Won the 3" prize from the International Contest of Applications in Nano-micro Technology (ICAN) 2015,
Anchorage, AK USA.

Won an excellent paper award from the International Workshop on Image Electronics and Visual Computing
(IIEEJ), Samui, Thailand, October 7-10, 2014.

Awarded Fraunhofer-Bessel Research Award in 2014 from the Alexander von Humboldt Foundation,
Germany.

Interviewed by the Nation Newspaper on “A Classy Way to Success,” February 15, 2014.
(https://www.pressreader.com/thailand/bangkok-post/20140215/283781376785057)

Selected by the World Economic Forum (WEF), Switzerland in 2013 to be one of the 40 top young scientists
under the age of 40 who plays transformation role in integrating scientific knowledge and technological
innovation to improve the state of the world, Dalian, China, September 11-13, 2013.

Awarded Erasmus Mundus Grant in 2012 from the European Commission to conduct research in France.
Won the 2" prize from True Innovation Award, Bangkok, Thailand, December 17, 2012.

Won outstanding paper award from the 16th International Solid-State Sensors, Actuators, and Microsystems
Conference 2011 (Transducers 2011), Beijing, China, June 5-9, 2011.

Won the 2™ prize in Global Entrepreneurship Competition (GEC), Barcelona, Spain, June15-16, 2011.
“Microendoscope,” l-inspire Journal, Thailand, May 1, 2011.

Won the 1% prize Global Social Venture Competition (GSVC) South East Asia, March 3-4, 2011.

Elected to serve as an executive member of the Global Young Academy (GYA), Berlin, Germany, July 2012.

Co-founded the Global Young Academy (GYA), Berlin, Germany, February 14-16, 2010 (wuwgobalyoungacademy.net

Press coverage in the Bangkok Post Newspaper on “New Device Gives Early Diagnosis of Cancers,” March 23,
2010. (https://www.pressreader.com/thailand/bangkok-post/20100323/283467842451622)

“MEMS microscope images brains,” Research Highlights in Nature Photonics, Volume 3, October 2009.
“Intelligent microendoscope,” Chevit-Cheva Channel 3 Program, Thailand, September 30, 2009.

“Tiniest two-photon MEMS microscope performs Brain Imaging,” an article in Laser Focus World Magazine,
USA, August 1, 2009.

“Cancer Imaging,” an interview on the Bangkok Morning Talk, Thailand, Channel 11, June 19, 2009.
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“Light microscopy for cancer diagnosis,” Matichon Newspaper, Thailand, May 25, 2009

Press coverage in the Bangkok Post Newspaper on “Novel approach to cancer,” May 20, 2009.

“Optical microendoscope for cancer detection,” Kao-sod Newspaper, Thailand, April 20, 2009.(
https://www.pressreader.com/thailand/bangkok-post/20090520/282003258383144)

“Cancer screening with optical microendoscope,” Nation Weekend Magazine, Thailand, April 16, 2009.
“Novel imaging instrument for cancer diagnosis,” Matichon Newspaper, Thailand, April 7, 2009.

“Optical endoscopist,” Health Check Up Channel, Thailand, April 2, 2009.

“Advance optical microscope for cancer detection,” Dailynews Newspaper, Thailand, March 30, 2009.
“Novel microendoscope for cancer detection,” Naewna Newspaper, Thailand, March 28, 2009.

“Cancer diagnosis with endoscopic imaging,” Bangkok Business, Newspaper, Thailand, March 25, 2009.
“Detect cancer with optical microendoscope,” Manager Newspaper, Thailand, March 25, 2009.

“Novel microendoscope for early cancer detection,” Thairath Newspaper, Thailand, March 25, 2009.

“Early detection of cancer with optical microendoscope,” Matichon Newspaper, Thailand, March 25, 2009.
“Cancer detection with optical microendoscope,” Voice TV, Thailand, March 24, 2009.

“Innovation that shapes the world,” Bangkok Business Newspaper, Thailand, December 30, 2008.

“Confocal Microscopy for medical imaging,” an interview on the Bangkok Morning Talk, Channel 11, December
2008.

“Novel Medical Imaging Instrument,” Bangkok Business Newspaper, Thailand, November 11, 2008.
“Microtechnology enables endoscopic confocal microscope,” SPIE Newsroom 2007.

“Creating a microscope that reads minds,” an interview on the American Broadcasting Company (ABC) News,

USA, on October 19, 2007. Weblink: http://abclocal.go.com/kgo/story?section=local&id=5716715.

“Microtechnology enables endoscopic confocal microscopy,” in the SPIE Newsroom, USA, October 2006,
“MEMS-based scanning device facilitates microendoscopy,” an article in Biophotonics International Magazine,
September 2006, pp. 27-28. Weblink: http://pyramidal.stanford.edu/publications/Biophotonics-Sept2006-
MEMS.pdf.

“Two-dimensional OCT scanner promises in-situ diagnosis,” an article in Laser Focus World Magazine, USA,

July 2004, pp. 47-48.

Patents
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W. Piyawattanametha, “E. coli enumeration with fluorescence technique,” Thai Patent Application
1701006685, filed, December 7, 2017, Patent Pending.

W. Piyawattanametha, “Integrated wide-field and high-resolution catheter,” Thai Patent Application
1301005583, filed September 2013, Patent Pending.

N. Khemthongcharoen, W. Piyawattanametha, A. Ruangphacha, S. Rattanavarin, U. Jarujareet, S. Pathumraj, S.
Niruthisard, P. Sarapukdee, and R. Jolivot, "Development of a Fluorescence-labeled p16 peptide for cervical
cancer screening," Thai Patent Application 1201003486, filed September 2012, Patent Pending.

S. Rattanavarin, W. Piyawattanametha N. Khemthongcharoen, U. Jarujareet, A. Ruangphacha, and P.
Sarapukdee, “Line-scan based dual-axis confocal imaging probe,” Thai Patent Application 1201004887, filed
September 2012, Patent Pending.

W. Piyawattanametha, “Multi-spectral dual-axis confocal imaging probe,” Thai Patent Application 1101000602,
filed April 2011, Patent Pending.

Book chapters (selected)

“Optical MEMS,” Intech Book Chapter 2012, Source: Microelectromechanical Systems and Devices, edited by
Nazmul Islam, ISBN 978-953-51-0306-6, Hard cover, 480 pages, Publisher: InTech, Published: March 28, 2012.
“Advances in Bio-Imaging: From Physics to Signal Understanding Issues State-of-the-Art and Challenges,”
Series: Advances in Intelligent and Soft Computing, Vol. 120, Loménie, Nicolas; Racoceanu, Daniel; Gouaillard,

Alexandre (Eds.), 2012, 2012, XXII, 246 p. 129 illus., 84 in color, Softcover, ISBN 978-3-642-25546-5. Weblink:

http://www.springer.com/engineering/computational+intelligence+and+complexity/book/978-3-642-25546-
5.

“In Vivo Clinical Imaging and Diagnosis,” McGraw-Hill Book Chapter 2011, James W Tunnell, ISBN:
9780071626835 0071626832, Publisher: McGraw-Hill 2011.

“Miniature Dual Axes Confocal Microscope for Real Time in vivo Imaging,” Intech Book Chapter 2010, Source:
Advances in Solid State Circuit Technologies, edited by: Paul K Chu, ISBN: 978-953-307-086-5, Publisher:
INTECH, April 2010.

“Optical MEMS and Nano-Photonics,” in MEMS/NEMS Handbook, Chinese Science Publishing Company, 2005.

Professional membership

Senior Member of the Institute of Electrical and Electronics Engineers (IEEE) in 2010.

Senior Member of the Optical Society of America (OSA) in 2011.
Senior Member of the Society of Photo-Optical Instrumentation Engineering (SPIE) in 2012.
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