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Fiber optical based endoscopic imaging for in vivo cancer diagnosis
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Research Title: Wide-filed fiber bundle fluorescent in micro-endoscope

Faculty: Engineering  Department: Biomedical Engineering King Mongkut’s Institute of

Technology Ladkrabang
Abstract

This research focuses on the development of wide-field imaging, using an optical fiber bundle
as the light source. The reflected signal from the samples will be guided through the optical
fiber bundle to a scientific grade CMOS camera.  Sample collection will be from resolution

target or cells in real-time.

Keywords: Microscope, cancer, fiber bundle, Fluorescent agent, endoscope.
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unit 1 unth

1.1 anuduauazanudidyvestym

Tutagtunisasianseszsahinungnlaldiveadia Pap smear uaginAllANIINTIIMNABWOYDT
Felada HPY Baunadarsansfananldgnesusuuasgninluldmunilsauziianungnlungussmed
Wanud [1] udnedanismadanseanduldlilinafiviiiaslungulssmamdsiauilanlagun
N1 80% vasfihouzsanuagnianuanveglunguussmat dsimunsudssamalne Tnauvg
wanldn AnaALAaUNIN INTLAZYARA NS UANSTEY ALEAsLilavesUszv v Aga iy
mMsmsrafansedsauziisinuagn wasdedrdnizesaal mudumne wazduyulumsasiadanses
uzifeunumgnuesmaiailinsiafnnsesilieg lutagtunisamadanseszdsinungnieinaia
MAgadInense Pap smear Ifesianiamadafie n1siianaauais (false negative) Fse19iinane
uwsiivsdseslsalignifustudunsunsfviodiueadanitisfaunndoraliannsofueadi
Aaundldmnuinnseslsafivumdninlienlunsssydumiinavesseslsansoogluunaiiiy
fhegawadlienn nudvtuseulumaeiealadunznmsfomeadiifianunng msasamigadinnund

=

Fafldrwutesunndodisuiudegraradnnuandndudesldyanainsiifiauderglunszuiunis
U 10383 kazns29319dy [4-6] sredediinnenaininliinaaniueadine w3e Pap smear 1Uu
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watandanulign nsiazdulddansesuzsainuagnivlanaguisdndudesinsiagiagie
alanenne 2 U Mlvdesldeudssanauaryaaainsidninade g g luniunisusmsinniseas n1s
Wawunallan130529 DNA veudiolisa HPV Aluaivguadlsaunsainuagnaiunsatiendlamises
Naauan (false negative) lodumiansiiosannidiolr¥a HPV ilwdennuldgvalulunguuszung uae
AUaenfnwelasa HPV 1nnda 90% anunsaridnuasmetduuniliedaglineliinlsauesa [7-8] v
TnAfiAn15m333 DNA seuidolifa HPV faulniulduazisuyulunsnsiangaiiosninmaiia
Y ' o & v X a wa Aa A4 A Y - & o sa
aanandndudedddvieslfifin1miliniasilotuganensiany DNA vaadelisa n1snsianuuwadinegn
%39 Pap smear 921AUN1501519%1 DNA 9aat@alasa HPV Sanimaila Co-testing F4a1u1308AAAA
Yoen15tnnsIITlunszuIunNIATIafanseslaiusgeioy 3 Yrensauasldiuuseanasueenisngia
AnNsoetioaniINIInsIRnnsesntdinaila Pap smear Wigsografieann 2 Y [9-10] Co-testing FaLu
Wumsgrulunisnsadansesssainuagnlutdegduaudeninuavesesdnsainasieg wu ACOG,
ACS wag USPSTF 33101831110 tu509A210 1uagAnud s vaanataniasnanlananiuiead win
nupMuRAnUNRIINNAN1INTIAT LT ude N 1snsradudulaenisldnansindaenesi (Colposcopy)

WBNIUSIUTR8lSALNEARTULLERTITUTUNAREMATANIINENTINEINBUINILNULTN15SNE Tag
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7373 Pap smear kAEN150339 DNA 20utalasa HPV Aswandluguil 1.1

Primary Pap and HPV Test
|
Pap LSIL or HSIL Pap ASCUS Pap ASCUS Pap negative Pap negative
Any HPV result HPV positive HPV negative HPV positive HPV negative
Repeat Pap Repeat both tests Repeat in
Salposcopy Colposcopy in 12 mo in 6-12 mo 3yr
l :
! ! I }
Any Pap result Pap LSIL or HSIL Pap ASCUS Both negative
HPV positive HPV negative HPV negative
‘ I
v ! | |
Colposcopy Colposcopy Repeat Pap and Routine screening

HPV in 12 mo every 3 yr

JUM 1.1 uNun159AN1sLenTI93Had891NHaN1IATIAAANT DU

MndedndnnsiumaiauasnIzuIuNTINNIRIna 1IuziNliIIMInssnwEelsauzsaUn

v 1% [ & o < 2 v Y A < o [l I's gj o ya
ungnaesldiiaruiunatedlan IndusesiagUigiiioninsiakasiiuilgruwadnangasa Ml
lanagadegUieseninnisdanadnwlauin wavdededddunaininisaisisaay Loun wnng,
Weua, LM Agiiautgaviglunsmisuiiegineadiasiuidatagne sunndidudiuauuin
Aaudsladinmsiaumaia Visual inspection with acetic acid (VIA) Fadunuimnienisnsiawuu Single
visit approach (SVA) #39 See and treat approach fgtnAlARINE1ILNNIAILITNINITHTIAIUIRY

waglinssnwlalwiunifiganisdaemaniune asuanduguin 1.2



Conventional process Single visit approach

Screening > 9
R .-k ;
- Pap test LAY

-HPVDNAtest & [ g Screening
; e . Identification of lesion area
Week 1 1t appointment
T3 > ~ .
Diagnosis 'g'{ m?rg% |
- Histopathology s € Diagnosis
s el -Estimation for the stage of lesions
Week2 2™ appointment
- ¥ ™
Treatments .; - s An c Treatment
’ J ' )
vk dr
Week3 39 appointment

JUN 1.2 Uuanen1silSauiisunsngaasneiuuisiaiu SVA
FavhlrinsnsiadansesuazsnylsrugtiaUInunandmnusInEIAues19un e nunmdausassy
a

UShifasasdevosseslsalalaanisdensianmendesilndiuenen1sunun1svinugaseveinsnuwed
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fin w3e nsndu fuseslsaszeziuduvedlsanzswinungn wiedelsfinumaiia VIA gxdidedninad

o w A

d1fype Anulidnwizsieseslsarilviianauinasladng (false positive) [12-14] Gathludgnisinu
AunAuAINI Ty (Overtreatment) wasvinlruszansanvssmaia VIA Fildfuiifiasilaiisuniu
WAlAN13ATIARUY Co-testing [15] vilvinisdnalia VIA wigsag1apeuldiiiensiadnnseeyuaeg
< @ 1 ::4' 1 dl' = ] £ <2 Y] 1 qy dg‘/ -:'9.1 [y} a al
wzisanuegnésliiduniniene dwmsresiuiegsiuliandesasduainnaiia VIA lunsiaazdenly
¥ a wva a g.JI
o uRn158nATY
¥ aa <@ Ly} < 1 a o 4:4' 1 < 1
ndeyasienuadaliaugTvesan I TulsAusiuiand U 2555 k1w asidiuind
Swugtisuzsisglndiinadunn? Taelugae 10 Idnenaudsenunisadfaian (U 2555) 1ad
ﬁﬂwmzﬁmﬁﬁumﬂ 10.71% 1wt 2546 1y 17.77% Tud) 2555 VoIV INUAVRIUTEINALAL 1AL

'
v v a

wwlduinasindudn InegUasuzsanuegniidnuugiiedusuiuiiaesie 14.39% vasgUasuzis

[
v = o

mandarianun [16] Kaduiafanusuduludusesnisiaumedanisasadansosuziielnungn
Lﬁ@iﬁﬁﬂizaw%mwLLazﬁﬂizmumiﬁ'dwwiauwméuaz;ﬁﬂw TngandelaluIeuveInIsnIIauY Single
visit approach (SVA) flunndanunsarhmsasisidadeuaslimssnwldiuiinnelumsinadaiior sl
ligapdsdiaslussninnisdansaineu danunaiuszdslunsanainviiendunouuas
nszuaunslidudounazantiosasnnmatiauuuifu sasdssandunulufuresufoinsilily
nMsnsadansesdtasugSslinuagndndae dadunisiauinisnsranuy SVA daeimaiia Visual

inspection TiAuILNIZLazIALULTRR0VINANITNTIY dunsavilalaeiauesAUsENaUNEN 2
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1 o

seelsaldodrsgnieuiiudlagldsiududulnddnnigdeseslsauziseuinuagn 2) Waunddlng
° = s < Y v Aoy A Ao s o

Tnneianusassywadniiseslsauzisauinuagnlnegisgnaes laelasinidetiddlingussasdnanty
nsiauIndeRansIaddesnsiangluviayunhamianuazideavesninlussaugadlaglddnluuia
wandudnidygauaninngueadiiegsludidnsunin Gannazgnawioluddiudseuiana
AmieUsuatazidunvesnnliEnsauansan wlusTaUadls uagianassdiaunTasudyyu
waslaaneAue1IAA UL TR Ud LI ItAnI I Naa NI oIuaEITILNIE R ulADNA1Y &9
lassmsideilanunsoinluldududlnddnmesieseslsaszesiusuredlsn unsalnungnnoudin

< A [ < v a aa b - Y aa
wziSaneldlunisnsiadnnsesusiseunungnlusyduniaiin (pre-clinical) wagseauadlinnaaes

(clinical trials) sialy

1.2 IQUszaIAUaIuITY

1.2.1 iilooonuuundesnansiadensrnnegluivnessiaguninsiannaiudygauasain
nsUdeedysrnuavainainigeaisaud (FITC) avdyanueaswn (white light) laglddalowiaul
uadusmimndyeanamnnaneadiaula

1.2.2 ieRmuinisUszanananmilddnloutaiuandusmidyaasadifiauazidonly

SEAUAALAZANLITOLARIHATLTEUUTIUIANATLA

1.3 YBULUAYDINITIVY
AT ladunsiaunaesiasalvdansisntslusiniesiayuninemiauasidenly
Y] I = Y l ¥ R a saa =
seAuwad lngaiunsaidaninualaseninaawnd (white light) vsauagesisagudiiaiiuginiu
iz Feagldlaloniuuandumiidyaianasniouasmidasaciydingueadnauls wazsu
dyrauasiasvisuniegnudesaanuiniwadvsenainsediasmgeaisaudndugdiusunin lng

1 ) ' saa = . 2 a
NAFDUAIYNITLEAINANINAINAIDYIUIAANAARANLIDILLES (Fluorescein) w38 FITC Iug’mnmﬁ]iﬂ



1.4 AUYAFIULALNTOULUIANMUAAYRSLATINITIVY
n1siauIUsgansamlunisnsiadanseswaridadelsauziseunuagnaiunsoilalaenis
90nkUY wavasngunsaliieaniatlunisnsiadansesuwazidadelsauziss suviadinauwiugilunis
asaussalnuagnld tnglulasansideildyadunsimundesiannsalddemnsianieluineyiia
Y aa a ) I3 & Y ' . . =
yundenfiavasidealussiuwad lngaiunsaienlnunlaseninauasny (white light) nSouasges
sawudniianuenadudnme saezldinlowinhuasduinihdygrauanuasiidauaddudings

waniauly uarSudyaauaiazyisunsegnUdegesninnwadvieaainisesuamlgesisaludnaug
dusUNIN IANAFaUMENITLANINANTNIINFIDYTAANAARAINLI B (Fluorescein) w3e FITC Tu
1% WeliguuRnuiianuazainlunisuf s inlidseansamlaenmsinlunisnsiadanses

wardfadelsruzisaunungniivga s

1.5 ANd1AYURINITIAY

naesansIel, uzisaunuagn, daleuianiue, arsieuas, ndoideensIa

1.6 Uselaviifinnndnazlisu

mATeitnananiidutunumensunmduadu multi-disciplinary ~ research  5¥#314
Engineering and Medical Laboratories 3auanidedndnuaiaun1dimnssudinisunmg eanunse
iU lonia3sli ansuvmemans guiasnsal wndngnds uenatnil snaded Sanunsodadn
UssmauardifnenmilagldsuseTaannmsuszninlasainsidosnslusesumfuas miosedunnuned
WU True Innovation Award, International Contest on Applications of Nano-Micro (ICAN)
Technologies, Biz Barcelona, Global Social Venture Competition (GSVC) uaﬂmﬂﬁ mu"?ﬁaﬁ #@u1sn
Juandvdmslussiund  (@endesganssmiwuvdewnmanieluiumesiayumeanhafedalouih

wadlanieluszezinaivedlasenis



UNM 2 LUIANINARA NRERLATUITENNLITRY/N1TNUNIUITIANTTH

ndosganssaduuuldassniglusiinmeviayuning Wundesiidiunimluyunine wagldianlu
2 = o o & = = ° a

nsUszanady Iuslevidlunsihldlunisesiadanseadeswiu viswmangnziunldlumalian1snsia

I3 = 3 1 o o o o daa o S a o A vy
wzisnuagniknndanunsalinissnunasidnseslsalaluriuivuginidedensluasanes Jedele
Patiuayunsinureinsnamseelsauzsinuagniussezisudunawiauzsliiiussansnm
Wingavu lnendesiananlaldvannisnistsamadlugumnugnafuidinglldausnaigndoune
wWilnadunnesieseslsaiilafnaainsosiamgoaisaudionly wagldfasudmyaauadunsduninues

a a s A o ° | s & <
V]Uﬂ@ﬂ@@ﬂm’m’mﬂﬁ’mlﬁﬂﬂLLﬁ\‘iWQ@@LiﬂL%UﬁLW@LLﬂﬂQNaL‘U‘Nﬂ'ﬂ/\lﬁﬂLL‘VI‘LNSU’ENL‘UaaVILUu%JEJ‘UENIiﬂﬂJ%Liﬂ

2.1 weluladndesganssaduuvdesnmalusisneviiayaning
| 1 . v o 1% ¢ | ] a v
feuninil Mark Pierce wagamy [17] laviaunndasganssativudesnislusianesiinguning
e v a ) ° v A e awv salaAa o & 1
inmiaudranansadiluldiiefnuidelugadiddinlliving cell) Taganunsananininyeseadniiy

meivereuiunesluluiaasreal time) segunmilsannndauanigui 2.1

JUN 2.1 fegrnislindeansiminuvdesnglusanesiaygunieieuamgeaisaisud (Wide-field

fluorescent microscopy) @L%aaﬁlmwu In vivo

Richards-Kortum wazany [18] lavinisusefvgnassganssataiiagunitg wuusiangn
X ) 3 < | . a 1% a A v 61 1% i
Ju wefAnwigaduzisdlugesnluszuu Ex vivo lagiimsldansiseuaiedouigndsiame nui
annsauenviinveagadiaunianadunilaeg 10819 Laneiagun 2.2 wenaniudianunsannaas
¢

Jessiuluszuu In vivo lnenaaedutesiniieguaditeyinduluwadinsiamuannuiauniluuese

nanevila wud@msalanIn NTBLadUNANRnaNsISa e lal Ui



JUT 2.2 awdregenntuiilemudieiiofaunusiinignin anwnanfenmiilainndesganssml
winanine (Wide-field microscopy) amauwfenInvestuilefignaladuasdadiaad (A) wadlte

9

UNTIUNA (B) daudiisufinisiasafinUnf (C) wasuzise

2.2 walulafulnedamnsizn
UagUumaiianisnsaasnwmussienisglussduluanafivnumddglunisiamun
wAluladni1snsiadnadewaznssne leelasueudsuldagransnaranalunisnsiasnuinielu
$1MeEUae (in vivo) lagnse wazn13nsIaladefednmsiannguhgluiemanad (in vitro) wmalianis
nyadnwlusvdulutananldednilyludagiueidendnnisdu e seninduanawesuivediy
LLauaLa]ul,ﬂmma%\iﬁﬂL“fJuIaJLaanﬁmﬂ%ﬁwm (Biomarkers) vaawaaiiiotdouzise lnsuwaufvanay
Y v a v o w I} =
gl ulauanansiadu (Molecular probe) AnaainAigansthdyaIunIn WY asiseduasngenisa
I3 4 Ql' o Y a r-:lI % aa (Y] d’lj dl' @ % [l o
wus Loulesiiazarsiinlmang (chromogen) teldn1snsvddadeillelenziiclaognsdnng lngain
wanguwITenudnisiilusiu pl6eiNkda [19-22] Wldiluliianaustimeaiinenvesusisalinungn
Tnglduouvediduluanansisduaiunsadisiiuanudnizsliiumeiianisn sl daduuazanniny
wlsuriurainsuUananTnitaseslstlundazaTavselunsiazyaa (Inter-intra observer variations)
[23-24] Piyawattanametha wazany [25] Fedanldlusiu pléiNKda Wuluanaidinuneiiiefnw

o

WawUlnadudmegdmsuldlununnadnvussinuagnluseivluana lnaiulnddudinng

av o o ] a ada Y] a ¢ o ¢ v
‘Uqﬂiﬂi\‘iﬂ']3'3"Uﬂuaquqiﬂlﬁuﬂqsﬁ]iﬁiﬂiﬂ‘l‘ﬂiuiqﬂﬂ']ﬂaﬂiﬂnmiﬂﬂﬂﬂLLUaQWﬂQaWﬂLUUI‘W@aQLﬂi’]g'ﬁﬂ'ﬂﬂ

o 1% [

ansidaunIndmsuninsInitadundeansiaunsianiely (Endomicroscope) [26]



2.3 wAlUlad a5 39 akaIN19NITUNNE
2.3.1 ManN15U99a15L309a9 (Fluorescence)

luanangeeLsawudlanvaenNIsnouauewaIntuanalsuandug asiuanslunin
2.3 lnouresuainssiuazgnaadulagdiannsouratoun1ANgeolsawud Ja9siiusedundanuaes
a & ) ) P a P ) a ) A
dudnnseuludsseaugnnszau Insluvaeignnsedu nasnuazagdslulunsvuiuvedduananselinig
angloundsnuludluanatnufes ndsntudidnnseuazlassndsuiignnsssuwaznauiioglu

U [ a d' [ d' 1 [ a o ) d'd
FEAUNSIUUNR LTD99INNEI9UNaNAIU8INI1TUFDENSIIUYDIBLANNTaUYIN A Lo Lo TAdue
A A X &4 o % | = g v v o A ~ \ v o

AAUEWY Foilanusauenseninandusasiildnseduivpiuuasnuasyeanunla dnuusvadnis
Uaoelvnouanluianavesansisewasssdanvauzduniu upIluanaa1siseaazldaiunsagn

nszsulmilasn (Photobleaching)

Excited State Levels
 \WAWA LN,
o WL A
A
= Absorbed Emitted
E excitation fluorescent
= light light
Fluorescence
3 lifetime (ns) K
Ground State

Figure 2.3 N WHAAITEAUNANILUDIBANTITOUTagNNIZAULATYINNTTDIUAT

2.3.2 vigeawsawudaiunasu (Fluorescence Spectra)
waslinsedulariaUaosoanuvedlilanavedaiTRIuaNazAINE AR

e lngazanansananadunsinsyningmugninauiuauduesdyunld

nszRukazdaavaeseenun daiuanslugy 2.4 anglasiulainmduiignudes
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Figure 2.4 A

Figure 2
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2.3.3 Fluorescein

Fluorescein tJuansduasizviaanninianwaziduddudunsawns azanglaly
Tuazweaneses JuyldiduansSasnasfenanasiuniansesassoslumusudiinen
(fluorescence tracer)  @136304HaHAINIAYANTEAUAILAINUYIATUIES 494 UTLY
' = =~ = = - P | v

WAS LAZAIAINNENIPAULANTINNNTIgATIaNs TduatiannsaUdesaanunlafe 521 wily
wnT Auandlugun 2. 5% sTeuasnldludagtiuasil 3 ¥ilandnde 1) fluorescein

isothiocyanate (FITC) 2) oligonucleotide synthesis 3) 6-FAM phosphoramidite

—— Emission
Excitation

mmm——
_——

300 500 600

5 AINLEAIAINETIAAULATLENTBAULAEAMLENIAAULAINUd D8RaNNYRY FITC

Ntziachristos wazaz [27] i FITC Tunisuanininasduzisesaly Tnsfnaanises

o A o Y} s & = o 8§ v ° | I3 G VY 1 o
L@ FITC AU Folate NN AULYaaNsiag %quiﬁaqﬂqiﬂigumqLL‘VT‘LJ\T’U?NL‘Uaaﬂglﬁﬂlﬂaﬁﬂﬂsﬁfﬂmu
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A Minimum
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3 P < 0.001
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o
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JUN 2.6 SUNMUSEUWBUT LRI L8N TENINNNTENENMLUUUNARUN WL UL D3Uaa (A) &
Unfuanafiausiniduiioten (B) nwisasuasiiuantinmzuiiianiosen (C) ninuandiuim
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2.4 waluladiinlouiuiuas (Fiber optic bundle)

Fiber optical bundle imaging probe \Jugunsaliieussifidnwazsidudaveadulowd

] (%
faa v

Wuas gnesnkuuiieldlunuadisninvendeseulaalasi(endoscope) Lugunsalfidivisaiui

o o

doyayraunasludauiianuiauls wazdiunanusaihdyganasnusuniaulanduuaidignssuiuaing

DA

o v A o w A a

A Fanslddaleunidinastuiidediand1AgAeniiuazldenreinInaziuegiuauInved

o

a o

Wurhaudnaavesduleumiuassarduludn ilviAndesdnesenindlenmiiuasnindndulugdndu
lidosinisussaanan nndsaindibininaindaloniiiuasnudadndings lne Tkaczyk wasaue
(28] 1§ AUsrnanaieimuaunwussnmitldandmlowfihuadifinuasndeniigaudanmd
9.4.1 Tognsldnmmarenniliinannsiadeullufievnsdiimun Wenidunisnsiadeudifaiunss

WINMNUTENBULAINANELLBYAYDIN NG TIER
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unii3 FBeudun1side

Wsaduidevedasinisiuuinsesganssaddmsudemmaniglusinesiayuninameda
ToumihuadlasldsiutvaanizesnamigesisawudifiossyniwadfisiseslsasvezFuduvemszisalan
ungnuusldeandugesdiundnde 1) daanideludiuniseenuuuuazinuindesganssaiuuudes
melusrsnmedianansatuiinnmldnarsannuenindu (Multi-spectrum) tngldfiinloniatiuas esossu
Fyanauasiivdeeeninainansiieauas sauisanansatuiinuazuaninmillinainnisazviouveduas
4717 (white light) 2) 1uddeludiuwesnisuszsananan nndaniildninunandsuduaianinwduile
dupnuazdeavesnmliuanmanimlussivwadlugiunmaiild

3.1 gunsaiifuasdusznau (Materials)

asfUsEnaundnveITEULIrsEnaulume dnluwiiiied (fiber bundle), laudinguainaeiganssa,

uwdsridnuainszduuuy LED waziduieesiunm (CMOS Camera) ssiuandlunind 3.1

Objective lens ~ Emission  Achromat
40X/ 0.65 filter lens
connector A 1

Fiber optic bundle

CMOs

Sensor

collection
? Aspheric lens
illumination

[ 1 Excitation filter

< > Tubelens

Laser light source

U 3.1 NINFIUYD9TEUUNGBI9ANTIAUMYY Dichroic mirror

3.1.1) daloumuas (Fiber bundle)

Falulnsansiseilaldinloutauasmes Fijikura fiber 3891 FIGH-10-350S Tneiidau
YoInsSudaaasiivdesndodsviounduinanuinadiaulaawnsotuiinunwiifinuazienlsd
34 10,000 finiwa sdruidusaveadulowmihuawiuuenazdszneulumeduletuasiuiu 225

o v 1

WU Weasidyaasnseuanurasinia (Exctation light) lunusiiaunauls wWesindidusiiu
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=

Augna1aLiies 0.9 fadluns wazdlyuueseanssunngs 70 e iliansnsathlulddensinluuiion
mdnddleannvessanielen

JUN 3.2 nmvinlieusisvasdalowiitiiuas probe Muendednasiildnseiuiu

wanngnudeeviseasiounduin

3.1.2) Lauéi’mq%amé’awawﬁﬁﬂ (Microscope objective lens)

laudingsdumas Olympus (Thorlabs, RMS20X) fif1dsueny 20 win uazdien NA = 0.4

Juaudinguuu Achromatic villdinwilasianupudalunngiuvesrugnnaunaiialisessunis
MuLUUMaIeALe1IAdN (Multi-Spectrum) 169

JU 3.3 nmweaauding RMS20X

3.1.3) unaarllawaenseauiuy LED (Excitation light source)

wnasilauansyiuldiuunasiiiiauasuu LED (Thorlabs, MWWHL3) gsagdae
ARULEIYT (white light) Aaemdsdusin 500 mW iieldluluunasisuninund uavaunsaildeudu

Inuergealsaudlalagldsiuiufiingesninueinauvesdyaauas (Thorlabs, MF475-35) Wivensed
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winzanueriuiilugmnuerdunseiuresasiseas FITC lnenuaudAnisnsasweiinges

Aanuanslugy 3.4

MF475-35

100 —
g wl 1
= v || .
O 60 | || |
)
w
£ @
w
c
© 20
-

0 ——

" ausll v T T T
440 450 460 470 430 490
Wavelength (nm)

—

500

510

JUT 3.4 amAuaudRN1INTBIAINENARULEYRIAINTEY MFAT5-35

3.1.4) [WuwassunIn

druradn1ssuNlwULgas CMOS (Thorlabs, DCC3240C) Lﬁaqmﬂﬁmmhqmasﬁ

ANNAELBEATRININ 1280x1024 pixels kazdl frame rate g4die 60 fps MNlAEIUNTORAAININTFUUTIY

avy o o = ] ~ a 1A ) ¢ d'
L’Ja']%i\ﬂ,ﬂ LAZYIUNITIBDUABRUU USB 3.0 LW@ﬂ'J']ﬁJagﬂ'JﬂIUﬂqﬁmﬂm@ﬁ@?ﬂiﬂUQUﬂﬁm‘ds%iﬂama@u

| a s & v o= ' co o, a Y v . Y
WU ABUNILRBS LUUAU G(NIU?"JUGUQQL%UL%aﬁﬁUﬂqwuaqﬂqﬁﬂLﬂaﬂu‘lﬂlﬁjﬂaa\?LLUU mirror less LW]UVLG]

= i a Ao A
Lumf\]’]mﬂi?ﬂ’mgﬂLL@%ZLIF’}ZL!JHWVI@LWENWEJ

DCC3240N

U7 3.5 sUluma$iun1w DCC3240C
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3.1.5) Gradient Index (GRIN) lens
GRIN Laudyinuinflunnsnsiaaeuiiuiényl  Objective lens UnAinlifeneiudadiusylonegnsdmsu

fiber bundle Tunsldnsiaaeuwaalufiufidng

GRIN lnes Conventional spherical lens

Microscope
Objective

i
1
1
]
i
i
]
]
]
1

Intermediate N
/ Image Plane —.‘{-‘\'—"’
4%” TN

GRIN Lens

H
;

.\95'— a0 7k A ¥
{ \u Vs NS M
y' :4.* y @1.0 mm Spa\r:ﬂe yt

\[ This GRIM lens can be used as a 1:1 imaging
relay between the objective lens and the sample

200 pm Field of View

500 um Field of View o
AW Neurnal activity 2asuy 2 Neurnal activity zasny

1nel% G2P10 GRINES lens Tautaf G2P10 GRINES lens
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DCC1240C and DCC3240C
Quantum Efficiency

(5]
o

THORLARS

-

Blue

'S
o
L

w
o
1

N
o
1

-
o
I

Quantum Efficiency (%)

[Filter Blocks 7. > 650 nm]

o

400 . 560 ) 660 : 760 . 360 900
Wavelength (nm)
3.2 NMINAABIHRIADENYARULAZNISEANEITITDINGS
MaveEeuUNISNUNTNRATENdeanssAddmsudatnsanelusamesiinyuning
sesfalouiihuasazilaesinsvaaesaasinun Aeluunazviounasynund uaslvssvigeaisaioud 39
wyhuuwadsioes (Human fibroblast) figndonsneansidesias FITC luvasamnasmieluman uay

WARININDBNNI998 LCD Tussuugiuniandss Wngnaansinanisfeaunsodeiead ndidusu

Augna1auseann 10 luasauls BesunaaeuiulHuageUnauIgun 3.6

5U71 3.6 3UnsnmaaUUsEaNENINYRINABslunsFsIAgULIAAN A UEMAEEY
vdanmageufulumageuLd I maaadunsdeseadnnasfigndeuseasfoadasnans
NAABUILFBIEINIALINTEINwadTigndeueenanngueadau Ifessdniou fagusogsi 3.7 uaz
U7 3.8
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JUT 3.7 Uuansdnngsvaagaduzi s ufuunday

AIeAN5L509Las Alexa Fluor 647

1.4.3 aanwazuazUszansamlag sy

JUN 3.8 JUuansiIg I sde e

089U (Human

dermal fibroblast) NLTIAwaLARE

1. Frame rate

60 fps

2. Operating wave length
2.1 Excitation light
2.2 Emission light
2.3 White light

455 nm - 495 nm
519 nm
400 nm - 850 nm

3. Fluorescein

FITC

4. Image resolution (CMOS)

1280x1024 pixels

5. Optical resolution (Fiber bundle)

6,000 pixels, circular

5. f70g199aa

Human fibroblast

6. Improved spatial resolution image

processing capability

Yes

M1517 3.1 AdnyzlarUEaNSNNlagTINYeINaeInIN cell human fibroblast
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d aw
UNN 4 Nan13528
4.1 n15Us¥nau Hardware

Tun15n529 microscope asanunanfifisesn lnald fiver bundle tusndudesdl GRIN lens

Premuthluanwagues Objective lens Wislwanunsalanineg1etaiay

GRIN lens & Fiber bundle UV curing adhesive
Figure 4.1 GRIN lens and fiber bundle

N1358A GRIN lens 111U fiber bundle uagviin1sianleing) UV curving adhesive wasannfinald UV

Gun Tun1svinlidnenUszanudiauszning GRIN lends and fiber.

Figure 4.2 UV gun
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Optical system

Objective lens y | | = -
Computer

Fiber bundle

GRIN lens

E‘Uﬁ 4.3 s3UUNNuAUD9 Fiber bundle Fluorescence microscope

JUN 4.3 uang szuunavun lagseuu optical systems Wulsynaulunigszuuves Fluorescence microscope lagil
objective lens Nifant fiber bundle lneg Fiber bundle Tu version UlAsaita  GRIN lens ametduiu lnawiolanin

wankagnlunanavinIeneuiames 1ievinnsuseuiananis Detect wansnesaly
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4.2 Arpuazden (Resolution)
NsNAFBUAIAINALLEEA (Resolution) YIlAEN1TINTEEENATENINGA 2 IATINBIENITAKEN
0 2 Yaeananiiule lngn1smaaesmiauazdavilagn1slduny Resolution Test USAF-1951 &

Jugunsalnesgulunislinaasmnaimiuazidenvessuunmeagui 4.4

4.3 ANYUNB9Y8INN (Field of view)

A &4 & o = 6 1 = 6 1 o X A 1 s
ﬂ@ﬂ']W‘u‘V]ﬂ'ﬁll@ﬂLV]U‘U@Qﬂa@ﬂﬁi@aﬁﬂﬂimﬂqﬂﬂqv\ﬂﬂ i 'V]Q"Uﬂiﬁ“ﬂ']ﬁlﬂ']Wﬁ‘ULLﬁ\‘i'ﬂ']ﬂWUV]uu‘] WNIULAUE

ANUUANAIVULLULYDISUNTNUDINAD
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Width of 1 line in micrometers in USAF Resolving Power Test Target 1951

Group Number

Element -2 -1 0 1 2 3 4 5 6 7 8 9
1 2000.00 = 100000 | 50000 = 250.00 | 125.00 62.50 31.25 15.63 7.81 391 1.95 0.98
2 1781.80  890.90 | 44545 = 22272  111.36 55.68 27.84 13.92 6.96 3.48 1.74 0.87
3 1587.40 79370 @ 39685 = 198.43 99.21 49,61 24.80 12.40 6.20 3.10 155 0.78
4 141421 | 707.11 35355 = 176.78 88.39 44.19 22.10 11.05 552 276 1.38 0.69
5 125092 = 629.96 @ 31498 = 157.49 78.75 39.37 19.69 9.84 492 2.46 1.23 0.62

| 6 112246 = 56123 | 280.62 140.31 70.15 35.08 17.54 8.77 a3 K 219 Yy 110 0.55

Uil 4.4 USAF-1951

Objective lens which is connected with optical system

GRIN lens
Fiber

State for placing the fiber and grins lens Fiber connected by GRIN lens
gﬂﬂ?‘i 4.5 naaeunslgnussuy

U 4.4 uanshisnsldeuiiariinisusaes UV /1 optical system ®1u Objective lens TUgs
fiber uaz GRIN lens lnauas UV aglunsequliwadidimuneUses Fluorescence aanunuainiunauly

839 GRIN lens waz optical systems Bnasa Gaagyilmslanmasaigaaingenisaiy
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50x 10X

JUT 4.6 MINAFDUAENINLYAE Pap smear NiMaIvene 50X Uag 10X

10X -
50X

JUN4.7 msnagauaienn Fluorescence bead aunaLdusuAugnans 1 lulasiuns

35U 4.8 2 Fluorescence bead w19 1 lulAsiuns

N 4.8 azmiulaindield Fiber bundle Winlluszuuaziinle Field of view unlnfanazianizyn

AWMU NSTUNISUILINTIVRNIELLARYIN M A 1Y RLLDYMANIELYAR I ATUAIY
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unil 5 agunan1sideuasdaiauauue

INNTRAUITIEIANAD4 fiber bundle AlANazdualaUINNINAL TasEINITAAIEANALEN

170 YUA 1 hueeu 19eg19tnaY 1ngaIUasldgnNSEUUYAWIIANNTaV A dULREINeNIZ a1 AN
'y} I3 1 q' I3 < d! = 1 I~ d‘ I~ a Ada =3 o 1 = -d! v
sERuad InglanzegvBaganuess@einlulsanduamansdetiaduinuinantuniasl 30
LE@NTANRULATOMTIIN MaALLSTisAgnnITiemaalan Jugunsalfianunsotaeliunmd
WadsuarsnuAinvesiUielidudiuiunin Inesyuudfiduyuegiuseunns 500,000 um Turaed

LA 09N BINAINSIAIYTTUIA 5,000,000 UW Fenaudisiiuddeniaaninun Software Tun1s

Classify waduziisnauandlusy 5.1 uagluawpmsdn Al iglswnmdiddemwaduzisdneie

# Good Matches 1 Ee X

g‘l.lﬁ 5.1 Feature extraction from cell image
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uni 6 a3U wadanlaanauidey

6.1 szuundesfiarunsaatgninszaugas ngliisausinluldnduieadusisalavinuu Tu
auaniileniailuldnsagadnisnisunndegiduledn Fedeindunuidaufual waz

anunsalanannuweIaedianyanla

6.2 N3Uszgnfaunsal ndea Digital sssumbvinansilundesnsiauzisweendeaiuinida
Optical system wagdilaanunly Conference SEAUUIUILA
6.3 @11150NAWT  Software N¥191U5IUAUTTUUT NBNISUBNLEAdNEAMURAUNG LAY

gnaatlunmsItdelsavasnng
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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


mailto:wibool@gmail.com
mailto:wibool.pi@kmitl.ac.th
https://www.timeshighereducation.com/world-university-rankings/king-mongkuts-institute-technology-ladkrabang
https://www.timeshighereducation.com/world-university-rankings/king-mongkuts-institute-technology-ladkrabang
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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)

Contributed to seven book chapters and filed 5 patents in micro- and nano-systems and biomedical imaging

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

® National Research Council (NRQC)

® 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)
® International Conference on Beneficial Microbes (ICOBM) in 2016 (chair)
® |EEE Optical MEMS and Nanophotonics (OMN) Conference from 2015 until present (committee)
® |[EEE Nano/Micro Engineered and Molecular Systems (NEMS) from 2012 until present (committee)

® International Conference on Bioinformatics and Biomedical Engineering (iCBBE) from 2008 - 2013
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® 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 (1JC) 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 (JSTQE) 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

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)
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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

® | 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:
O Two-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
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® Designed, fabricated, and demonstrated the first 2-D MEMS scanners with electrostatic angular vertical comb
(AVQ) actuators based on surface and bulk micromachined techniques for endoscopic imaging application

® Demonstrated the first MEMS based Non-Interferometric Differential Confocal Scanning Optical Microscope

® (o-developed the first linearization control method for electrostatically actuated surface micromachined 2-
D scanner

® | ectured in @ 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

® (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.

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

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

C. B. Wong, B. Y. Khoo, S. Sasidharan, W. Piyawattanametha, S. Kim, N. Khemthongcharoen, M. Y. Ang, L. O.
Chuah, and M. T. Liong, “Inhibition of Staphylococcus aureus by crude and fractionated extract from lactic
acid bacteria,” Beneficial Microbes, March 2015, 1;6(1):129-39.

C. Zhao, Y. K. Lee, R Xu, C. Liang C, D. Y. Liu, W. Ma, W. Piyawattanametha, Y. Zohar, “Isolation of circulating
tumor cells under hydrodynamic loading using microfluidic technology,” Advances in Mechanics, 2014, 44:

201412.

@8I N. Khemthongcharoen, S. Rattanavarin, R. Jolivot, and W. Piyawattanametha, “Advances in imaging probes

[9]

[12]

[13]

[14]

[16]

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.

K. Kongsmak, P. Pungpit, M. R. Kano, S. Komai, W. Piyawattanametha, and O. Phanraksa, “Perceptions of
Research Excellence in Thailand and Japan,” Science Technology and Innovation Policy Review, ISSN: 2093-
3053, October 2013, Vol. 4, No. 2.

W. Piyawattanametha, H. Ra, Z. Qiy, S. Friedland, J. T. C. Liu, K. Loewke, G. S. Kino, O. Solgaard, T. D. Wang,
M. J. Mandella, and C. H. Contag, “In Vivo Near-infrared Dual-Axis Confocal Microendoscopy in the Human
Lower Gastrointestinal Tract,” Journal of Biomedical Optics 17(2), February 2012, 021102:1-4.

C. L. Hoy, O. Ferhanoglu, M. Yildirim, W. Piyawattanametha, H. Ra, O. Solgaard, and A. Ben-Yakar, “Optical
design and imaging performance testing of a 9.6-mm diameter femtosecond laser microsurgery probe,”
Optics Express 19, 10536 - 10552 (2011).

K. Loewke, D. Camarillo, W. Piyawattanametha, M. J. Mandella, C. H. Contag, S. Thurn, and K. Salisbury, “In
Vivo Micro-Image Mosaicing,” The IEEE Transactions on Biomedical Engineering, January 2011, Vol. 58, No.
1, pp. 159-171.

W. Piyawattanametha, H. Ra, E. Gonzalez, M. J. Mandella, G. S. Kino, O. Solgaard, D. Leake, R. L. Kaspar, A.
Oro, and C. H. Contag, “In vivo imaging of human and mouse skin with a dual-axis confocal fluorescence
microscope,” Journal of Investigative Dermatology, January 2011, 131, 1061-1066.

J. T. C. Liu, M. J. Mandella, N. O. Loewke, H. Haeberle, H. Ra, W. Piyawattanametha, O. Solgaard, G. S. Kino,
and C. H. Contag, “Micromirror-scanned dual-axis confocal microscope utilizing a gradient-index relay lens
for image guidance during brain surgery,” Journal of Biomedical Optics, Aril 2010, vol. 15, pp. 026029.

W. Piyawattanametha and T. D. Wang, “MEMS-Based Dual Axes Confocal Microendoscopy (Invited Paper),”
The IEEE Journal of Selected Topics in Quantum Electronics (JSTQE), July-August 2010, Vol. 16, Issue 4, pp.
804-814.

W. Piyawattanametha, H. Ra, M. J. Mandella, K. Loewke, T. D. Wang, G. S. Kino, O. Solgaard, and C. H. Contag,

“3-D Near Infrared Fluorescence Imaging using a MEMS-based Miniature Dual-Axes Confocal Microscope,”
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The IEEE Journal of Selected Topics in Quantum Electronics (JSTQE), Sept-Oct 2009, Vol. 15, Issue 5, pp.
1344-1350.

W. Piyawattanametha, E. D. Cocker, L. D. Burns, R. P. J. Barretto, J. C. Jung, H. Ra, O. Solgaard, and M. J.
Schnitzer, “In vivo brain imaging using a portable 2.9 gram two-photon microscope based on a
microelectromechanical systems scanning mirror,” Optics Letters, August 1, 2009, Vol. 34, No. 15, pp. 2309-
2311.

E. Gonzalez, H. Ra, R. P. Hickerson, Q. Wang, W. Piyawattanametha, M. J. Mandella, G. S. Kino, D. Leake, A.
A. Avilion, O. Solgaard, T. C. Doyle, C. H. Contag, and R. L. Kaspar, “siRNA silencing of keratinocyte-specific
GFP expression in a transgenic mouse skin model,” Gene Therapy (2009), Vol. 16, May 28, 2009, pp. 963-
972.

E. Gonzalez, H. Ra, R. P. Hickerson, Q. Wang, W. Piyawattanametha, M. J. Mandella, G. S. Kino, D. Leake, A.
A. Avilion, O. Solgaard, T. C. Doyle, C. H. Contag, and R. L. Kaspar, “Characterization of a transgenic GFP
mouse skin model for development of siRNA delivery technologies,” Journal of Investigative Dermatology,
April 2009, 129, S90.

C. L. Hoy, N. J. Durr, P. Chen, W. Piyawattanametha, H. Ra, O. Solgaard, and A. Ben-Yakar, “Miniaturized
probe for femtosecond laser microsurgery and two-photon imaging,” Optics Express, Vol. 16 (2008), Issue
13, pp. 9996-10005.

H. Ra, W. Piyawattanametha, M. J. Mandella, P. L. Hsiung, J. Hardy, T. D. Wang, C. H. Contag, G. S. Kino, and
O. Solgaard, “Three-dimensional in vivo imaging by a handheld dual-axes confocal microscope,” Optics
Express, Vol. 16 (2008), Issue 10, pp. 7224-7232.

H. Ra, W. Piyawattanametha, Y. Taguchi, D. Lee, M. J. Mandella, G. S. Kino, C. H. Contag, and O. Solgaard,
“Two-dimensional  MEMS scanner  for dual-axes confocal = microscopy,” IEEE Journal of Micro
Electromechanical Systems (JMEMS), Vol. 16, August 2007, pp. 969-976.

A. D. Aguirre, P. R. Herz, Y. Chen, J. G. Fujimoto, W. Piyawattanametha, L. Fan, and M. C. Wu, “Two-axis
MEMS Scanning Catheter for Ultrahigh Resolution Three-dimensional and En Face Imaging,” Optics Express,
Vol. 15 (2007), Issue 5, pp. 2445-2453.

J. T. C. Liu, M. J. Mandella, H. Ra, L. K. Wong, P. Hsiung, T. D. Wang, G. S. Kino, W. Piyawattanametha, C. H.
Contag, and O. Solgaard, “A miniature near-infrared dual-axes confocal microscope utilizing a two-
dimensional MEMS scanner,” Optics Letters: Vol. 32 (2006), Issue 3, pp. 256-258.

W. Piyawattanametha, R. P. J. Barretto, T. H. Ko, B. A. Flusberg, E. D. Cocker, H. Ra, D. Lee, O. Solgaard, and
M. J. Schnitzer, “Fast-scanning two-photon fluorescence imaging based on a microelectromechanical
systems two-dimensional scanning mirror,” Optics Letters, Vol. 31, No. 12, July 1, 2006, pp. 2018-2020.

B. A. Flusberg, E. D. Cocker, W. Piyawattanametha, J. C Jung, E. L. M. Cheung, and M. J. Schnitzer, “Fiber-
optic Fluorescence Imaging (Invited Paper),” Nature Methods: 2, 941 - 950 (2005).
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W. Piyawattanametha, P. Patterson, D. Hah, H. Toshiyoshi, and M. C. Wu, “Surface- and Bulk- Micromachined
Two Dimensional Scanner Driven by Angular Vertical Comb Actuators,” IEEE Journal of Micro
Electromechanical Systems (JMEMS), Vol. 14, Issue 6, December 2005, pp.1329 — 1338.

M. Fujino, Pamela R. Patterson, H. Nguyen, W. Piyawattanametha, and M. C. Wu, “Monolithically Cascaded
Micromirror Pair Driven by Angular Vertical Combs for Two-Axis Scanning,” IEEE Journal on Selected Topics
in Quantum Electronics, Vol. 10, No. 3, May/June 2004, pp. 492-497.

H. Neuyen, D. Hah, P. R. Patterson, R. Chao, W. Piyawattanametha, and M. C. Wu, “Angular Vertical Comb
Driven Tunable Capacitor with High Tuning Capabilities,” IEEE Journal of Micro Electromechanical Systems
(JMEMS), June 2004, Vol. 3, No. 3, pp. 406-413.

H. Toshiyoshi, W. Piyawattanametha, C. -T. Chan, and M. C. Wu, “Linearization of Electrostatically Actuated
Surface Micromachined 2-D Optical Scanner,” IEEE Journal of Microelectromechanical Systems (JMEMS),

June 2001, Vol. 10, No. 2, pp. 205-214.

b. Conference

W. Piyawattanametha, “Virtual biopsies with handheld dual-axis confocal microendoscope,” World
Congress on Medical Physics & Biomedical Engineering, Prague, Czech Republic, June 3-8, 2018.

W. Piyawattanametha, “Fiber-optical microendoscopy based on MEMS scanning technology (invited),” Asia-
Pacific Conference of Transducers and Micro-nano Technology 2018, Hongkong, China, June 24-27, 2018.
W. Piyawattanametha, “Multi-spectral  MEMS based dual-axis microendoscope (invited),” IEEE
Nanoelectromechanical Systems (NEMS), Singapore, April 22-26, 2018.

W. Piyawattanametha, “Multi-spectral MEMS scanner based dual-axis microendoscope (invited),” Focus on
Microscopy, Singapore, March 25-28, 2018.

W. Piyawattanametha, “The Global State of Young Scientists in ASEAN: What is the next step? (invited),”
The International Workshop on Asian Young Academies, The Israel Academy of Sciences and Humanities,
Jerusalem, Israel, February 11-13, 2018.

Z. Qiu, N. Loewke, W. Piyawattanametha, I. W. Jung, T. Teraphongphom, R. Ertsey, F. Schonig, S. Rogalla, S.
Friedland, M. J. Mandella, D. Lopez, E. Rosenthal, and C. Contag, “MEMS based multi-spectral dual-axis
confocal microendoscope for clinical applications (invited),” Photonics West 2018, San Francisco, CA, USA,
January 30 - February 1, 2018.

T. Marumo, G. Murashova, D. Agnew, F. Schonig, M. J. Mandella, W. Piyawattanametha, Z. Qiu, M. Dantus,
and C. H. Contag, “Design of MEMS based handheld multi-photon and second harmonic generation imaging
system for early detection and imaging guided surgery of oral cancer (invited),” Photonics West 2018, San

Francisco, CA, USA, January 30 - February 1, 2018.
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S. Suwan and W. Piayawattanametha, “A handheld Escherichia coli Detection System,” International
Workshop on Advanced Image Technology, Chiangmai, Thailand, January 7-10, 2018.

M. Dumripatanachod and W. Piyawattanametha, “Automated Paptest Diagnosis with Artificial Neural
Network,” The 2017 International Conference on Embedded Systems and Intelligent Technology a Theme
on “Smart Embedded Systems for Industry 4.0,” Bangkok, Thailand, August 2-4, 2017.

K. Phasuk, C. Pipitsombat, S. Pattanasak, and W. Piyawattanametha, “A fast Escherichia Coli Detector for
Water Inspection,” The 16" International Conference on Environment Engineering, Science, and
Management, Bangkok, Thailand, May 17-18, 2017.

K. Phasuk, S. Suwan, and W. Piyawattanametha, “Development of E. coli detection,” The 5t Higher
Education Research Promotion Congress, Udonthani, Thailand, March 2-4, 2017.

C. Pipitsombat, K. Phasuk, S. Suwan, and W. Piyawattanametha, “Evaluation of rapid detection system for
Escherichia coli in water samples,” The 8" Biomedical Engineering International Conference (BMEICON
2016), Luang Prabang, Lao People’s Democratic Republic, December 6-8, 2016.

M. Dumripatanachod and W. Piyawattanametha, “Wide-field high-resolution fiber bundle based
Endomicroscope for Cervical epithelium cells imaging,” The 8" Biomedical Engineering International
Conference (BMEICON 2016), Luangprbang, Lao People’s Democratic Republic, December 6-8, 2016.

M. Dumripatanachod and W. Piyawattanametha, “Centralized Pap Test Diagnosis with Artificial Neural
Network and Internet of Things,” The 10th IEEE International Conference on Nano/Molecular Medicine and
Engineering (NanoMed), Macau, China, October 30 — November 2, 2016.

S. Pattanasak and W. Piyawattanametha, “Virtual biopsies with a MEMS scanner based confocal
microscope,” IEEE Nanoelectromechanical Systems (NEMS) 2016, Matsushima, Sendai, Japan, April 17-20,
2016.

W. Piyawattanametha, “A handheld confocal microscope for 3D biopsies,” Photonics West 2016, San
Francisco, CA, USA, February 13-18, 2016.

M. Dumripatanachod and W. Piyawattanametha, “A Fast Depixelation Method of Fiber Bundle Image for
an Embedded System,” The 7" Biomedical Engineering International Conference (BMEICON 2015),

Pattaya, Thailand, November 25-27, 2015.

C. Pipitsombat and W. Piyawattanametha, “A Portable Escherichia Coli Detection Platform for Water
Inspection,” The 7™ Biomedical Engineering Interational Conference (BMEICON 2015), Pattaya, Thailand,
November 25-27, 2015.

S. Pattanasak and W. Piyawattanametha, “Three-dimensional microscopy of biopsies with a handheld
confocal microscope,” Microscopy Conference 2015, Gottingen, Germany, September 6-11, 2015.

W. Piyawattanametha, “Three-dimensional microscopy of biopsies with a handheld confocal microscope,”
IEEE Optical MEMS and Nanophotonics 2015, Jerusalem, Israel, August 2-6, 2015.

S. Pattanasak and W. Piyawattanametha, “Light microendoscopy with MEMS technology (invited),” IEEE
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Nanoelectromechanical Systems (NEMS) 2015, Xian, China, April 7-11, 2015.

C. Pipitsombat and W. Piyawattanametha, “Fiber-optical endoscopy with MEMS scanner technology,”
Photonics West 2015, San Francisco, CA, USA, January 31 - February 5, 2015.

W. Piyawattanametha, “Portable holographic imager for biological samples,” The 7" Biomedical Engineering
International Conference (BMEICON 2014), Fukuoka, Japan, November 26-28, 2014.

W. Piyawattanametha, “High-resolution Imaging with MEMS based handheld confocal microscope,” the
International Workshop on Image Electronics and Visual Computing (IIEEJ), Samui, Thailand, October 7-10,
2014.

W. Piyawattanametha, “Confocal microendoscopy (invited),” International Coastal Biology Congress 2014,
Yantai, China, September 26-30, 2014.

W. Piyawattanametha, “MEMS based fiber-optical microendoscopy,” IEEE Optical MEMS and Nanophotonics
2014, Glasgow, Scotland, August 17-21, 2014.

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

W. Piyawattanametha, “Light microendoscopy for early cancer detection (invited),” The 1% Intemational
Conference on Beneficial Microbes (ICOBM 2014), Penang, Malaysia, May 27-29, 2014.

W. Piyawattanametha, “Light microendoscopy (invited),” The 2nd Optical Science of Dynamically
Correlated Electrons (DYCE 2013), Kashiwa, Japan, December 17-18, 2013.

W. Piyawattanametha, “A review: Endoscopic imaging probe based on MEMS technology for nanomedicine
(invited),” The 7th IEEE International Conference on Nano/Molecular Medicine and Engineering (NanoMed)
2013, Phuket, Thailand, November 10-13, 2013.

W. Piyawattanametha, “Advance in Light Microendoscopy (invited),” The 6" Biomedical Engineering
International Conference (BMEICON 2013), Krabi, Thailand, October 23-25, 2013.

W. Piyawattanametha, “A review of MEMS scanner based endoscopic optical imaging probe (invited),” IEEE
Optical MEMS and Nanophotonics 2013, Kanazawa, Japan, August 18-22, 2013.

S. Rattanavarin, P. Sarapukdee, N. Khemthongcharoen, U. Jarujareet, R. Jolivot, I. L. Jung, D. Lopez, M. J.
Mandella and W. Piyawattanametha, “MEMS multispectral confocal probe,” the 16" International
conference on Solid-State Sensors, Actuators, and Microsystems (Transducers 2013), Barcelona, Spain, June
16-20, 2013.

P. Sarapukdee, S. Rattanavarin, N. Khemthongcharoen, U. Jarujareet, R. Jolivot, I. L. Jung, D. Lopez, and W.
Piyawattanametha, "Handheld multispectral dual-axis confocal microscope for cervical cancer screening,”

Photonics West 2013, San Francisco, CA, USA, February 2-7, 2013.
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[41]

[42]

[45]

40

N. Khemthongcharoen, A. Ruangphacha, U. jarujareet, S. Niruthisard, W. Piyawattanametha, "Phage-displayed
pl6INKda binding peptide scanning from phage display library as a HPV-related cancer cells tracer,"
Molecular Medicine Conference 2012 (MMC), Bangkok, Thailand, December 19-22, 2012.

P. Sankatumvong, P. Sarapukdee, S. Rattanavarin, U. Jarujareet, N. Khemthongcharoen, A. Ruangpracha, I. L.
Jung, and W. Piyawattanametha, “Characteristics of MEMS scanners with different driving bias,” IEEE
International Conference on Electron Devices and Solid State Circuit (EDSSC), Bangkok, Thailand, December
3-5, 2012.

N. Khemthongcharoen, A. Ruangphacha, W. Piyawattanametha, "Phage Display Specific p16INKda Binding
Peptide for Ex Vivo Cancer Cells Imaging," The 6" IEEE International Conference on Nano/Molecular
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(https://www.timeshighereducation.com/world-university-rankings/king-mongkuts-institute-technology-

ladkrabang)
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[9]

[10]

[11]

[12]

[13]
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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)
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

(www.globalyoungacademy.net)
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[28]
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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.

y

“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.

“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.


http://abclocal.go.com/kgo/story?section=local&id=5716715
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[5]

[1]

[2]

[3]

[4]

[5]

o1

Patents

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 Intellicent 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.


http://www.intechopen.com/books/editor/microelectromechanical-systems-and-devices
http://www.springer.com/engineering/computational+intelligence+and+complexity/book/978-3-642-25546-5
http://www.springer.com/engineering/computational+intelligence+and+complexity/book/978-3-642-25546-5

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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