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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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M379 Pap smear Uagn15m372 DNA vaadalida HPV Asuansluzui 1.1

Primary Pap and HPV Test
;
i
: : } } !
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
Colposcopy Colpascopy in 12 mo inB-12 mo 3yr
I ; I 1
! ! ! !
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 avery 3 yr
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Conventional process Single visit approach
Screening fidiaa?
- Pap test : si”, v r
- HPV DNA test Vv 98 Screening
o . - identification of lesion area
Week 1 1% appointment
Diagnosis
- Histopathology . Diagnosis
-Estimation for the stage of lesions
Week 2
Treatments & ) @ Treatment
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2.1 welulagndesganssmiivvdesniglusianesinguniy
ol Mark Pierce uasagee [17] lovimuindesganssaluuvdeinislusenieviiayuning
Alnmitandaaunsaurlultwefnwnideluweattinlliving cell) lnganunsanansnmeasageny

NVUIDABUNILM DS IULLLIAD5 3 (real time) ﬁ'aa&h»amwﬁlﬁmmé’mLLamgiJ‘ﬁ o,

@/

JUN 2.1 Megrnisldndesganssmivuudssniglussnmesilayuniedsuasigesisaisud (Wide-field

fluorescent microscopy) @L%aﬁiuazuu In vivo

Richards-Kortum lagany [18] lavinsuseRugndasganssatailaguning wuusiangn
k1 o = ¢ < | X o o & o ¢ ) i
YU aAnwwaaNSIlutasnlusyuU Ex vivo wedinisltansisaqtasinadaumaasiueig wuan
AusanenviavaRvasRnUnRaINwadUNA e Bt 99819R WARIAIFUN 2.2 WBNANTUEIEMNTONARDY
Wawiiluszuu In vivo lnemeaedlugesniieguadiioyf@aluwadinsianwuanuiinundluuese
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JUN 2.2 mwiegnsanntiuilasudneiiofisdumnisiaienin amnashenniildanndeigansse
yilpyndng (Wide-field microscopy) Nwaurasnmvesiuilengnaladuazdondiuad (A) wadibe

L]

Yniiund (B) duiizuiinisiiayfinund (C) wadusss

2.2 wealulagiulnadansies
PagtumaiianisnsasnwuswdanisqluszdulanadunumdrAgluniswaun
wialulagnisnsiaitdadeuasnissnel Teelasuanuiledldegraunsuarenislunisnsiasnwnnelu
F1aMeUag (in vivo) lapass Layn13nsaiiadedsdmanngUasluiewmaass (in vitro) wadans
nyresnwiluszavluananlvegnilvludagiuendondnnisiudiwizseninduanatauivedniu
a &4 w N = / ¢ & < a =
wawdaudwnegaindulaanauadimislininel (Biomarkers) vadwaditoibonzise lnsuouivafiay
Y s = 2/ o o ' <4
gnltiduluanansiadu (Molecular probe) AnaainmigasUIdyyIMNIN 1Y d15i583uamgealsa
wus loulysiuazarsiyinliting (chromogen) tieldnsnsnitaduilioonsislaogradume Tagain
wanguwITenuinnasthlusiu p16inkda [19-22] Wl duluanausinisdiTinevesuSauinuegn
lnelduouivediluluanansisduarunsadraiivausmzlinuimatianisasiaiiadeuazanainy
wlsusraansudanansiaidaseslselundazasivseluwsazynna (Inter-intra observer variations)
[23-24] Piyawattanametha wazane [25] Fudenldlusfiu pleiNkda iulaanailvuieiafine

s

waUlnddudniwgdmiuldlununsinvussainuagnluseduluana lnewdlnadudung

2

PnlasensIvedanunsaltiunisnsiasnenlusinedsiidinlasaandasinaainuulnadunsievinie

asihdygy s wdmiunsnsifiadendesganssemingianiglu (Endomicroscope) [26]
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2.3.1 ¥anM3Y8eEsIseeuas (Fluorescence)

luianavigesisalwudidnvurnismevausssinsanluanaUszinndug fefiuandunin
2.3 linouveasnseiuasgngadulnedidnnseuveseynirngessaisud Jeosifinsefundsauyes
Sidnmseuludeseiugnnsedu Tagluvaesiignnsedu wdsnuazgaydelulunsvuiuvedduananiedinng
agloundsenludluanadrafes udsniudidnnsouszdesndsuiignnszdunaznduaaglu
sedundanuund Weannndsnuiianasesnstdesndanuresdidnmsewhlildlvneuiiianuen
AauTigeiu FetlFannsonensswinnduasildnseduiuaduuasivdeseenunld dnvmzveanis
UdeslvinouainlulanavesarsSesuasazldnuuziluau aundlmanaaisiouaagldansagn

nszAuluiladn (Photobleaching)

Excited State Levels
A\/\vf\ b g
A\ ARG KA Ty
A
Absorbed Emitted
§ excitation fluorescent
i light light
Fluorescence
y lifetime (ns) -
Ground State

Figure 2.3 mMwuansziundsnurasdidnnseudiagnnsssiunazdismsiouas

2348 W@JaaLiamuﬁﬁLUﬂm%&J (Fluorescence Spectra)
wasildnszduuasuasivdogoonuvadlinanaesansiiosuanyaueAAL

i Ingazanunsaianadunsmseninsmnueneduiuanuduvesdeyyraily
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Excitation Energy
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Wavelength {nm) Wavelength {nm)
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Funnaiivassesnun
2.3.3 Fluorescein
Fluorescein Wuansdunsivvoauniinddnuusluddunduriouns azarglaly
Yruasuoanesed Deuldiduaisiawaaitowansiunlmiesassaslunuduinine

Y P

E‘f’]‘iﬁﬂ\‘lLLﬁﬂﬁ'ﬁ’]ﬁJTﬁﬂQﬂﬂ‘i%ﬁmﬂ'ﬁﬂﬂ’ﬂuﬁf’nﬂﬁuuﬂﬂ 494 unlu

9

-4

(fluorescence tracer)

RS wazAIANEIATULENTINNNTIgATIaN T BILE A INsaUdeaenlafe 521 unly
Qs d' -:i A:i" = nJ L% [ I = o A -
wng aeiiuandluguin 2,589 s5eauasnldlutagqiuagdl 3 viiavdnfe 1) fluorescein

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

— Emission
Excitation

-----

i
500 600

. = i) 2/ o o a
Figure 2.5 ﬂWWLLﬁﬂ\"Iﬂ'J'mEJ'T'Jﬂﬁuuﬁ\‘im‘ﬁﬂ‘iﬁﬂuuﬁ%ﬂ?'mEl'l']ﬂﬁu%ﬁﬂﬂﬂaaﬂﬂﬁﬂﬁﬂsﬂﬂﬁ FITC

Ntziachristos wavame [27] 1617 FITC Tunisuansninasiuzisesla lnednaainiseg

Wa FITC AU Folate AIduwisiumadusgs Joihlianmnsassusuniwenvaduzisiliogrsdamu
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O

80+ v + Median
A Minimum
@ ¥ Maximum
B £ <0.001
o 60- I
=l
3]
0
<]
2 40+
2
B
é 204 v
Z
¥
0 t; T
Color FLI

v
&

5UN 2.6 gﬂmwm?amﬁwﬁﬁmuwaaLumﬂ'ﬁa'm"Nmimammwwﬂﬁﬁ’umwuwSaaLLad (A) &
UnAuaneteusinaiiduiiagen (B) awisauasiitanuanizusiasiiesan (€ nswluaniasnuiu

waaweuila1enveInsa1enMLAAZLUY

2.4 walulagialewnaiuas (Fiber optic bundle)
Fiber optical bundle imaging probe ugunsaifouseifdnvusniuiaveudulout
thuas gnoanuuuiitelflusuadanmvssndasieulaalasu(endoscope) iWugunsaifiiisdaui
Fyaauadugaudnuiala LLazﬁauﬁaWNWiﬂﬁﬂﬁmmmeLaamnu‘%nmﬁaﬂﬁmé‘umL%’ﬁ@jﬂﬁsmua%’w

A FanrstddaleunivinasduidednandrdyAanituazidenvosnInisiueyiuruInUes

¥ 0 =l

durngudnansvaaduleufiuasarsuludn viliifaderinsseninddeufiuanndndulugdnsu

Mlidoslin1suszananan mudsaInlan mandnlouniiwasn wdidninte laeg Tkaczyk Lagmue

v |
= o =

[28] I35 UsrananamanmAun s milavnialaumuadviiauazideafigauiesning

Y

9.1.1 Teensld A nuarenmiiaannnsieasululuienainIuun e @un19N1SAAaUNNEIN5H

i manUsznauudlaauazidenveIngign
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unii3 A3dliunnside

Wasiilividevedasinisiauindeanssaldmivdewsianiglusiniesiinguniimein
ToufuaslagldfuiuaaniFeuamigesisawudiiessymiwaaiitsoslsnssoFuduveanzissun
ungnuuslaseniluassdiundnde 1) diuauiseludiunisesnsuuiasiauindesgansmiwuudes
melusenmefiasnsatuiinawlivatsanueniadu (Multi-spectrum) Tagldfilaudntuas Wosessu
Fyanuasiivdesesninainasiieas muisanunsatuiinuasuaninniiiinoinnisasiouvauas
417 (white light) 2) 1uAdeludruvesmsUssananmmdnildninanndsudyanannudaie
WunaziBenvesnmliuaninanwlussiueadlugiunanaisld

3.1 gunsaliiliuasdusznay (Materials)

psrUsENaUNANYesTEUUAsUsEnauluime dnlowiiduas (fiber bundle), laudinguesndssgansse,

uvasulALAINSEAULUY LED Wagldulgeiiunim (CMOS Camera) failuandlunwd 3.1

Objective lens  Emission  Achromat
40X 1 0.65 filcer lens
connector A ]

CMOS

Sensor

? Aspheric lens

[ ] Excitadion fiiter

<7 Tube lens

Laser light source

U7 3.1 AINFIuY9932UUNaB9anssAUkUY Dichroic mirror

2.1.1) dnlewnauuas (Fiber bundle)

Felulasamaisedlaldialowdiuasmes Fijikura fiber ¥ FIGH-10-3505 Tnafidau

o o

1947135 Ud g aaivdesvsodsisunauntanuinafiaulaausatuiinduamifinauazieale

' '
= i o

g9 10,000 finwwa Fadrundudnvesdulouiniuasiuusnazusznaulumeduleduasiiuiu 225

i ezt dygauaanseRuInurasille (Excitation light) luivsnaiaula wesaniidusiu

@
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L3 = o e =l Q. = o v ] L] =
ULNANLWES 0.9 Upalums SAENHNNDITBINTTIUNTNA 70 a3 vlvanansashlulddesnsialuusinm

=

fl
U
Adnfalaginvessemelas

L9 LY

JUM 3.2 pwiweusovasinleunuuwas probe Nkentasuasilinseauiu

wasNgnUdoevisoagiounauu

3.1.2) Lauﬁi'mq%ﬁﬂﬁmﬁgam'ﬁﬂﬂ (Microscope objective lens)
iaudingidures Olympus (Thorlabs, RMS20X) Hifndewene 20 win uagliAn NA = 0.4

[ & o 3 ] v M v o 1 o P 1 (Y]
Juaudinguuu Achromatic viliamiladiaueudnlunngiuvesnnnueiaduadieisasiunis

uuuURaNEmNEMIAaY (Multi-Spectrum) 16a

UM 3.3 nmvaaauding RMS20X

3.1.3) unariillauaanseRuiuy LED (Excitation light source)
uwnasilauasnszduldiluunasiidauasuuu LED (Thorlabs, MWWHL3) $sazudes

AAULEIUT (white light) srerdadus 500 mw ieldlulynasiieunmunid wararunsauaeudy

Inunvigeasawudlalagldsinduiinsasnnuenafuvesdyyiauas (Thorlabs, MFA75-35) ionses
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lwzANNEIRAUTLTUYTIIA I AAUNSEAUYBIENSIS oA FITC Tnannandiinisnsotuessingas

aafiwandlugy 3.4

MF475-35
100

40 4

20 4

] |J | O | T T

440 450 460 470 480 490 500 510
Wavelength {(nm)

E‘Uﬁ 3.4 qumauﬂ’ﬁﬂ1'sﬂ'5aammmﬂﬁuuawmﬁamaq MF475-35

Transmission (%)

3.1.4) Wuwassunn
druvasnssunmldiauees CMOS (Thorlabs, DCC32400) ilpsannilannuligauasil
ANAZLBEATBINTN 1280x1024 pixels wazdl frame rate g48ia 60 fps Vi@ ITOLARIN NI EUUIY
na93la uavdainswensawuy USB 3.0 wiemwasainlunishnsodoasivgunsniussnanadu
| a ¢ o Wt \ o & A Y] 4 %
|y Aaudwes Wudy deludruvsauwassunintauisawasuldldndaanuu mirror less wnula

\iasnunsendignuasiinnn miidiitesne

DCC3240N

U 3.5 gUluLYRsUNM DCC3240C
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DCC1240C and DCC3240C

il Quantum Efficiency

—Blue

40 4

30 4

20 ~

10 4

Quantum Efficiency (%)

[Filter Blocks 4 > 650 nm|
400 500 600 700 800 900
Wavelength (nm)

3.2 N13NARDIERIRIRENITAALALNITT N TITO AN
msvadeunIsIiunTwadasIEndeanTsmidmsvdemsinnglusianiesinguniis

medalowiiduansinlaeinsneaesdaadivun Asluunavioulaauniund uarlvuangostsaiwud 3

v b5 <

YU URAMIDENS (Human fibroblast) fiandaudneansisaswas EITC Tunanannasansaluinan way

YU

fala ¥

WARININEBNN1998 LCD Tuszuugianidis Inenadwsinianishaauisodeaead niiduniu

AugnanaUsEana 10 luasaula Fusumadeunuikunaauneusiigui 3.6

U 3.6 gUmsnadeuyszavinimyesnaedlunisaednguuinianivusunaoy
s Qs ' ¥ [} L P 2/ 19 A W
‘I/’Tﬂxiﬂ']ﬂ‘l/l(ﬂﬁ'ﬂﬂﬂULLN’LW]@EIE)ULLa'J"ﬂQVI@aaﬂuﬂ'ﬁﬂ@\iﬁfﬁa‘lﬂﬂﬁ@ﬁﬂgﬂﬂEJiJﬂ'JEJﬁ']'iL'iE’NLLaGIC"IUNﬁf‘I'ﬁ

VAADUILABIANTOUENTEVIAETIgNanoanINNAugad e lnsg1edniau Aguiieem 3.7 uas
U 3.8
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UM 3.7 gUuansesnveagadui S uNiden

FEE1SIS09LAY Alexa Fluor 647

JU7 3.8 JUkaneFoENNTdRITAR

faeeUBIRInTay B (Human

dermal fibroblast) NATIALAEIRNY

1.4.3 aanwauziazUszininmlag sy

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

. Fluorescein

BIFE

. Image resolution (CMOS)

1280x1024 pixels

. Optical resolution (Fiber bundle)

6,000 pixels, circular

. fheghawad

Human fibroblast

|| | B W

. Improved spatial resolution image

processing capability

Yes

M15199 3.1 AuANvzwarUsTANSnMlasNvainaadnIn cell human fibroblast
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UNN 4 Nan1538

4.1 n15Us¥nau Hardware

audildoanuuuld wazUszneutuduszuuadsiiannsaghennainlesiihuasld Swsznouluse
druvesmahuasnuvassudauasdusuilode wardimeinisiunwdldiiaannsasfiouvouas
mmﬁmﬁaL"u’ﬂgiﬁ’*;%’ué’mmmm%m (CMOS camera) ﬁqgﬂﬁ 4.2 Fvin15WaiuLn9In Version 1 G‘fﬂgﬂﬁ
4.1 Tagis19insasuennass Digital (NIKON V1 camera) tiundas CMOS camera(Grasshopper3
9.1 MP Mono GigE ) shvenns configuration @1115U optical system  Iagsyuuiin optical systern 14
vJu fiber bundle 2710 Boston Scientific Spyslass g4l illurnination light source fimuenanay 455
nm (Md55L3 - 455 nm, 900 mW- (Min) Mounted LED, 1000 mA) ¥4 11U faflber 58 U29uaN YD
spyslass Intuasdeainsdiumination) £QNAYBYUU sample LavLasaETauaasTuLNg inner
fiber bundle 37U43U 6000 ﬁ'ﬂml,ﬁumwuaxgﬂmmaiﬂa objective lens (Nikon Microscope Plan -
40X/0.70 NA) mnﬁ’jugndalﬂé'aﬂé’aa NIKON V1 wiaviin1studin was1uiusinuas fiber bundle 910
Spyelass S1utNNEeRaldnmgadiiauaziBaisamedsinsasusyuu fiber bundle
wuulual (FIGH-10-350S Fijikura Ltd.) 1371724 bundles 10,000 fn  lasszuu Optical system Tu
Version ideatusgld Dichroic mirror lngnszantianansaiden wave lensgth 210 emission 161 ¥ilwlel

amugadlaelduannisuss Fluorescent 1o lngamnaglaiuaglniiveyaiiiesnasionisiidunnuiaund

YDULAA S
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Resolution

Frame Rate

Megapixels

Chroma

Sensor Name

Sensor Type

Readout Method

Sensor Format

Pixel Size

Lens Mount

ADC

Quantum Efficiency (% at 525 nm)
Temporal Dark Noise (e-)
Absolute Sensitivity Threshald (y)
Saturation Capacity (e}
Dynamic Range (dB)
Gain Range

Exposure Range

Trigeer Modes

Partial Image Modes
Image Processing

Image Buffer

User Sets

Flash Memory
Opto-isolated VO Ports
Non-isolated I/O Ports
Serial Port

Auxiliary Output
interface

Power Requirements
Dimensions

Mass

Machine Vision Standard
Compliance
Temperature (Operating)

Temperature (Storage)

3376 x 2704

9 FPS

9.1 MP

Mono

Sony ICXB14

ccp

Global shutter

1"

3,69 um

C-mount

14-bit

76 (Mode 0) 76 (Mode 7)

8.86 (Mode 0) 9.17 (Mode 7)

12.60 (Mode 0) 13.02 (Mode 7)

10529 (Mode 0) 10311 (Mode 7)

61.02 (Made 0) 60.56 (Made 7)

-9.431 dB to 24 dB

0.080 ms to 4 seconds

Standard, bulb, low smear, overlapped, multi-shot
Pixel binning, RO

Garnma, lookup table, hue, saturation, and sharpness
128 MB

2 yser configuration sets for custom camera settings
2 MB naon-volatile memary

1 input, 1 output

2 bi-directional

1 (over non-isolated I/O)

3.3 V, 150 mA maximum

Gigk Pok

Power over Ethernet (PoE), or 12 V nominal {8 - 24 V) via GPIO
44 mm x 29 mm x 58 mm

90 grams

Gigk Vision v1.2

CE, FCC, KCC, RoHS. The ECCN for this product is: EAR099.
07 to 50°C

-30° to 60°C

A1579 4.1 Specification of CMOS camera(Grasshopper3 9.1 MP Mono GigE ) #ildlu Version 2
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GENERAL /
Depth

Sensor Resolution

Optical Sensor

Image Processor

Sy -

Auto FocusPaoints (Zones) Gty
AEAF Cantral
Digita! Video Format

Image Recording Fafmiat

interfades Provided

Manufacturer

EXPOSURE & WHITE BALANCE /
Light Sensithving
Exposure Metenng

Exposuré Modes

ShE Effacts
e wiecls
White Balance

Max Shutter 5p

Min Shutter $

17 in

101 Megapixel

High Speed AF CMOS

12000000 pixels

10100000 pixels

13.2x 8.8 mm

29

EXPEED 3

TTL contrast and phase detaction
135

Face-priority AF, Subject-tracking AF
H.264 MOV

JPEG. MEF (R&W), RAW + JPEG

1920 x 1080

HOMI, USE 2.0, composite video/audio

Nikon Inc.

ISO 100-3200, 150 B400, ISC euto

center-weighied, matrix. spot

aperture-priority, automatic, bulb, manual, program, shutter-priority
close-up, landscape, night portralt, portrait mode

Custom Effect, Landscape, Monochrome, Neutral, Portrait, Vivid
automatic, custam, presets

cloudy, flash, fluorescent, incandescent, shade, sunlight

116000 sec

30 sec

+3 EY range. in 1/3 EV steps

11250 sec, 1760 sec

A5 4.2 specification NIKKON V1 74l Version 1
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item FIGH-016 FIGH 03 FIGH-03 FIGH-0b FIGH 06 FIGH 10

1608 2005 2158 2808 3008 3508
Pixel Number 1.600 = 3.000 = 6.000 = 6.000 = 10,000 =
160 300 600 600 1,000
Imagecircls diameter {m) 145 2 15 18615 180 = 20 258t 20 270 £ 20 325 = 20
Fiber diamster (um) 160 % 20 200 x 15 215 £ 25 280 = 25 J00.t 25
Coating diameter {um) 210 £ 30 2501 20 8% 230 340-% 30 400 1730 450 £ 30
Minimum bending radius, (mm) 20°0 (0" 2n'loris) 254 11578 0" 157 307 (187 3§ (20
Coating material Silicong resin (Black)
Latlice defect (%3) ik |
Uncircularity (3) 2 i

FIGH-30

6508

30.000 =

3.000

AN9797 4.3 Specification (FIGH-10-350S Fijikura Ltd) 7l Version # 2
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CMOS camera

Tube lens

Dichroic mirror

Objective lens

Fiber bundle

U 4.2 szuundesnanssem] Version 2

‘1/‘1{?7\‘1%’]ﬂﬁléf‘ﬁ’?ﬂfli‘dia‘iﬂE]U‘ﬁ%UUﬂ’]‘i‘%)Uﬂ’]WLLﬁ’J IN19RUINTTUSERIANAAIN LDLALAIIY

AZIBUATBINN UaZAAFQIATUNIUAIUNTEIEATNTEAUWAE FaN15UTEHIaRANIWEUAZIUIR8N

s e '

o 3 dau Ao 1) mmdadanasuniuanmsatennlaeldlowiituas 2) nsimuiniwiialale
ANUALLBEATEINNTIZITY Tvauresn wAtaRUBIYY uaziiuyutesvesnwlagldinalinnisdenin
(image stitching) 3) NFAATIERANANBULARIRILNUITONTEATIFBIasdE VEalanvaeRaUNA

4.2 A1Anuasden (Resolution)
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nsnaaauAtALazden (Resolution) Mlngninseugyinaseningn 2 3ANnaesEsNTaLen
90 2 reenaniuld lngnisnaaesnatauazideavilaensldusiu Resolution Test USAF-1951 &3

o L3 173 ' =l s =]
L‘IJ‘LJQUﬂ'3’5'143.]’1ﬁ‘i’]ﬁquzuﬂ?'ﬁi‘ﬁﬂﬂﬁ@ﬂﬁ?ﬂﬁﬂ?’]ﬂﬁﬂLEJEJWUEN‘JSU‘UQ']WWQEUVI 4.1

4.3 A3UNBIVRINN (Field of view)

2/
i ¢

AeAfiunnIsueuiureIndeamsegunsaiiteniwla 4 fgunsalitanimsuuasaniiuntue iuaud

PNUUANAIUUTULIBITUNINYBINADS

SUTl 4.2 USAF-1951

Group 4 Element 5 Group 4 Element 8

E‘Uﬁ 4.3 NN INAaDIIN USAF-1951
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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 B (5 6 T ) 8 9
1 2000.00 1000.00 500.00 250.00 125.00 62.50 31.25 15.63 7.81 3.91 1.95 0.98
2 1781.80 890.90 445,45 222,72 111.36 55.68 27.84 13.92 6.96 3.48 1.74 0.87
3 1587.40  793.70 396.85 198.43 99.21 49.61 24.80 12.40 6.20 3.10 1.55 0.78
4 1414.21 707.11 353.55 176,78 88,39 44.19 22,10 11.05 5.52 2.76 1.38 0.69
5 1259,92 629.96 314.98 157.4% 78.75 39.37 19.69 2.84 4.92 2.46 123 0.62
6 112246 561.23 280.62 140.31 70.15 35.08 17.54 § 8.77 4.38 219 ] 1.10 0.55

A1519 4.1 Wumsafisuauasiden(Resolution) USAF 1951 f451@13150 lANaLd8na N5z Ul

Uszuos 2-8 lumau

Without GRIND LENS (1) Without GRIND LENS (2) Without GRIND LENS (3)

With GRIND LENS 0.23 (1) With GRIND LENS 0.23 (2) With GRIND LENS 0.23 (3)

‘gﬂ‘ﬁ 4.4 Onion cell image ANS¥UY
nsnadauszuulaen sateANead Onion cell sauandlud 4.4 Falanadnsiduniuiay

walansluisawasmiuinasidun (Resolution) yuuesvaanmuaz (Field of view)



4.4 NWLYARULLSA(Cancer cell line)ANTZUU
TUATSAUNIWLYRAUELSI9IN Hey A8 cancer cell line (WaANELSsAYASINzIRBufian1sAny) lausiag1anw
cell uzifaluszasngg duanduguil 4.6 @ Tugnasien AewadifisaississailalunisAunmm 4.600) small masses (1-
3mm) Henudaundudlonaiiuluussunn 2 &ani dusandiiuineaduziSaSuiimsaundu lneszuuroasii
& ' & ¢ & T ' P ' Y <
aunsafiun nluegnadniay 4.6 WWINVALASTNISVUIANINTUDL1ITALIULINATT 4 mm Aaw ULy 4dUaT9

4.6(d) Microvasculature(fignas) ansnsodaunsiiuldnieldfiuiaves tisue Aalsvanm 4 dUam

3Uit 4.6 Cancer cell image (a) AenmwadiAiiinimnenduusidussesdusu (DwadnGuiimsiounn(a) Tussezaa 1 dUaw (<) uax (d) am

waslonandly 4 §Uam



24

; . .
unil 5 a5UNaNI5AE LA UBIEUDLUE
NN IRRLILT19818NA94 fiber bundle iiauazidan(Resolution) 2-8 lupau (@uagiy
objective lens il Aanu1snzaBAIMANALLDEN RBIWTIAEIIBAINTEAUIYAT tneLaNI1zg1984
& [ o [ I a a aa <1 o [l P v =
waauziSsBstolndulsanluamsnisidediaidudunuinnluniayl F9015180150NRUILATINTIT
mmadugianiisiagnniviewmanlinidugunsalitausadieliuwndidadouas Sinunainvosgiae
Iafuduiuann Taesyuuiddfunuegiuszana 500,000 uw luvngiaTasdlonviosmainsinussua

5,000,000 U1% Famauiiiinisvhanusiumsidenulsameiuiadsussuaznsvenenansluluouiam
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undl 6 d3U NaaaNlnaINeUIdY

6.1 sruundesfianunsaatenmsziuwas lagbimesualuldndueaduziialawingu lu
auanilanimiluldnawadnisnsuwndegreduledn Jatiodnlununidaiududn uas

aunsaldnawnuasadionindnle

6.2 M3UseynAgunsal ndes Digital sssumbinaneidundesnsiauziisieeduaiuinild

Optical system tagdalaanusily Conference 58AUWNUNYING
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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 Trowbridee Rd, East Lansing, Ml 48824, USA, T: +1 517-355-1855

Email: pivawatt@msu.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.timeshishereducation.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 d6th International Exhibition of Inventions of Geneva 2018, Geneva, Switzerland
® Awarded Special prize for smart emergency vehicle notification APP and traffic clearing system via cloud

computing from Korea Invention Preomotion Association 2018
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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 Intemational 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 Fraunhcofer-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 (lIEJ) 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 (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)
® |EEE Nano/Micro Engineered and Molecular Systems (NEMS) from 2012 until present (committee)

® |nternational 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)
® |nternational 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 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

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 Iinternal 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:
OTwo-photon microendoscope: to be used in small animal imaging
O Dual-axes confocal endoscepe: 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
(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

® (ollected 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

ml. L. Jung, D. Lopez, Z. Qiu, and W. Piyawattanametha, “2-D MEMS Scanner for Handheld Mutispectral Dual-

(2]

(3]

(4]

Axis Confocal Microscopes,” IEEE Journal of Micro Electromechanical Systems UMEMS), 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/mig070210.

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]

6]

[7]
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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,

61N, Khemthongcharoen, S. Rattanavarin, R. Jolivot, and W. Piyawattanametha, “Advances in imaging probes

9]

[10]

[11]

[12]

[13]

(14]

[15]

[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. Qiu, S. Friedland, J. T. C. Liu, K. Loewke, G. 5. 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. Thum, and K. Salisbury, “/n
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,”



[17]

(18]

[19]

(20]

[21]

[22]

(23]

[24]

[25]

[26]
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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. 5. 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
0. 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,” I[EEE 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, C. Solgaard, and
M. J. Schnitzer, “Fast-scanning two-photon fluorescence imaging based on a microelectromechanical
systerns 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. Nguyen, 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 Joumal 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 suided 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,” Bangkaok, 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 5" 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 International 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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[25]

[26]

[27]
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[31]

[32]

[33]
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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" International
Conference cn 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 Tth IEEE Interational 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. Jolivet, 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.



[35]

[36]

[38]

(39]

[40]

[41]

[42]

[43]

[44]

[45]

41

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 (MMCQ), 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
Medicine and Engineering (NanoMed 2012), Bangkok, Thailand, November 4-7, 2012.

A. Ruangphacha, N. Khemthongcharoen, W. Piyawattanametha, "Homology modeling characterization of
CDKd-roscovitine complexes,” 11" International Conference on Bioinformatics (InCoB), Bangkok, Thailand,
October 3-5, 2012.

S. Rattanavarin, P. Sarapukdee, U. Jarujareet, N, Khemthongcharoen, A, Ruangpracha, R. Jolivot, I. W. Jung,
D. Lopez, M. J. Mandella, and W. Piyawattanametha, “Handheld Multispectral Confocal Microscope for
Cervical Cancer Diagnosis,” IEEE International Conference on Optical MEMS and Nanophotonics, Banff,
Alberta, Canada, pp. 42-42, August 6-9, 2012.

l. W. Jung, S. Rattanavarin, S. Sarapukdee, M. J. Mandella, W. Piyawattanametha, “2-D MEMS scanner for
handheld multispectral confocal microscopes,” IEEE International Conference on Optical MEMS and
Nanophotonics, Banff, Alberta, Canada, pp. 238-239, August 6-9, 2012.

S. Rattanavarin, P. Sarapukdee, U, Jarujareet, N. Khemthongcharoen, A. Ruangpracha, M. J. Mandella, and
W. Piyawattanametha, “Handheld Cervical Confocal Microscope Based on a MEMS Scanner,” The 6" Asia-
Pacific Conference on Transducers and Micro/Nano Technologies (APCOT 2012), Nanjing, China, July 8-11,
2012

U. Jarujareet, N. Khemthongchareon, W. Piyawattanametha, “Micro Objects Detection by a Portable
Lensless Imaging Platform”, The 6" Asia-Pacific Conference on Transducers and Micro/Nano Technologies
(APCOT), Nanjing, China, July 8-11, 2012.

P. Sarapukdee, S. Rattanavarin, U. Jarujareet, N. Khemthongcharoen, A. Ruangpracha, M. J. Mandella, and
W. Piyawattanametha, “MEMS-Based Handheld Dual-Axis Confocal Microscope for Cervix Cancer Screening,”
International Conference on Electrical Engineering/Electronics, Computer, Telecommunications and
Information Technology (ECTI-CON 2012), Hua Hin, Thailand, May 16-18, 2012.

W. Piyawattanametha, “Light microendoscopy,” Nano-Thailand 2012, Khon Kaen, Thailand, April 9-12,
2012.

U. Jarujareet and W. Piyawattanametha, “2D Correlation Map Based Object Detection in Digital In-line
Holography,” Nano-Thailand 2012, Khon Kaen, Thailand, April 9-12, 2012.



[46]

(47]

[48]

[49]

[51]

[52]

(53]

[54]

[55]

[56]

(57]

42

P. Wongsawatsuriyha, N. Khemthongcharoen, and W. Piyawattanametha, “Video Mosaicing for Real-time
Field of View Enhancerment,” IEEE Robotics and Biomimetics (ROBIO), Phuket Island, Thailand, December 7-
11, 2011.

W. Piyawattanametha, O. Solgaard, and M. J. Schnitzer, “Cortical blood flow imaging with a portable MEMS
based 2-photon fluorescence microendoscope,” the 15" International conference on Solid-State Sensors,
Actuators, and Microsystems (Transducers 2011), Beijing, China, June 10-14, 2011.

T. Chantakien, P. Raphisak, |. Kumazawa, and W. Piyawattanametha, "MEMS-based handheld single-axis
confocal microscope design and  experiment," Electrical  Engineering/Electronics,  Computer,
Telecommunications and Information Technology (ECTI-CON), 2011 8th International Conference on, vol.,
ne., pp.38-41, May 17-19, 2011

W. Piyawattanametha and M. J. Schnitzer, “Cortical blood flow imaging with a portable MEMS based 2-
photon fluorescence microendoscope,” IEEE Nanoelectromechanical Systems (NEMS) 2011, Kaohsiung,
Taiwan, February 20-23, 2011.

T. Chantakien, P. Raphisak, I. Kumazawa, and W. Piyawattanametha, “Design and simulate of MEMS based
confocal microscope probes,” Information and Communication Technology for Embedded Systems
(ICTES),” 2011 2nd International Conference, January 27-29, 2011

W. Piyawattanametha, M. J. Mandella, H. Ra, J. T. C. Liu, S. Friedland, Z. Qiu, G. 5. Kino, T. D. Wang, O.
Solgaard, and C. H. Contag, “/n Vivo Skin Microscopy,” SPIE Photonics West 2011, Endoscopic Microscopy
V, San Francisco, CA, January 25-29, 2011.

W. Piyawattanametha, “Smart microsystems for disease diagnostics,” IEEE Optical MEMS and Nanophotonics
2010, Sapporo, Japan, August 9-13, 2010.

W. Piyawattanametha, M. J. Mandella, H. Ra, J. T. C. Liu, 5. Friedland, Z. Qiu, G. S. Kino, T. D. Wang, O.
Solgaard, and C. H. Contag, “Dual-Axes Confocal Microendoscopy of Gastrointestinal Tract,” SPIE Photonics
West 2010, Endoscopic Microscopy V, San Francisco, CA, January 23-28, 2010.

W. Piyawattanametha, H. Ra, M. J. Mandella, C. H. Contag and O. Solgaard, “From Bench to Bedside with
Advanced Dual-Axes Confocal Microendoscope,” IEEE Microelectromechanical Systerns (MEMS), Hong Kong,
China, January 24-28, 2010.

W. Piyawattanametha and M. J. Mandella, “In vivo Imaging with MEMS based Confocal Microscope,” IEEE
Nanoelectromechanical Systems (NEMS), Xiamen, China, January 20-23, 2010, pp. 146.

W. Piyawattanametha, “Advanced Microendoscopy with Miniaturized Confocal Imaging Systems,” IEEE
Photonics Society Winter Topicals, Majorca, Spain, January 11-13, 2010.

W. Piyawattanametha, H. Ra, and M. J. Mandella, “In vivo Real Time Imaging by a Micromachined based
Dual-axes Confocal Microscope,” the 3" IEEE International NanoElectronics Conference (INEC) 2010, Hong

Kong, China, January 3-8, 2010, pp. 32.



(58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

43

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

]

“In vivo real time imaging by a micromachined based confocal microscope,” the 13" International
Conference on Miniaturized Systems for Chemistry and Life Sciences (MTAS), Jeju, Korea, November 1-5,
2009.

W. Piyawattanametha, E. D. Cocker, L. D. Bumns, R. P. J. Barretto, J. C. Jung, H. Ra, O. Solgaard, and M. J.
Schnitzer, “A Portable MEMS Based Two-photon Fluorescence Microendoscope for Three-dimensional in
vivo Imaging,” IEEE Optical MEMS and Nanophotonics 2009, Clearwater Beach, Florida, August 17-20, 2009.
W. Piyawattanametha, H. Ra, M. J. Mandella, E. Gonzalez, R. L. Kaspar, G. 5. Kino, C. H. Contag, and O.
Solgaard, “Dual-Axes Confocal Microscopy for Human Skin Clinical Imaging,” IEEE Optical MEMS and
Nanophotonics 2009, Clearwater Beach, Florida, August 17-20, 2009.

W. Piyawattanametha, M. J. Mandella, R. Kaspar, and C. H. Contag, “In vivo microscopy in mouse models
of monogenic skin disease,” H. Ra, E. Gonzalez, World Molecular Imaging Congress, Montreal, Canada,
September 23-26, 2009,

“Real-time in Vivo Cancer Diagnosis with a Microelectromechanical Systems (MEMS) Based Handheld Dual-
Axes Confocal Microscope (Invited Talk),” the 4" Medical Biotech Forum 2009, Dalian, China, August 7-11,
2009, pp. 248.

H. Ra, E. Gonzalez, W. Piyawattanametha, M. J. Mandella, R. Kaspar, C. H. Contag, G. S. Kino, and O. Solgaard,
“Sequential in vivo Molecular Imaging with a Dual-Axes Confocal Microscope,” Technical Digest Series of
Conference on Lasers and Electro-Optics (CLEQ), Baltimore, MD, June 1-6, 2009.

W. Piyawattanametha, H. Ra, M. J. Mandella, J. T. C. Liu, E. Gonzalez, R. Kaspar, G. S. Kino, O. Solgaard, and
C. H. Contag, “In vivo clinical and intravital imaging with MEMS based Dual-Axes Confocal Microscopes,”
Optical Society of America, The OSA topical meeting in Novel Techniques in Microscopy, Vancouver, BC,
Canada, April 27-29, 2009,

H. Ra, W. Piyawattanametha, E. Gonzalez, R. Kaspar, M. J. Mandella, C. H. Contag, G. S. Kino, and O. Solgaard,
“In vivo Intravital Imaging with a Dual-Axes Confocal Microscope in Skin,” IEEE Lasers and Electro-Optics
Society (LEOS) Annual Meeting, Newport Beach, California, November 9-13, 2008, pp. 35-36.

W. Piyawattanametha, M. J. Mandella, H. Ra, J. T. C. Liu, E. Garai, G. S. Kino, O. Solgaard, and C. H. Contag,
“MEMS based dual-axes confocal clinical endoscope for real time in vivo imaging,” IEEE International
Conference on Optical MEMS and Nanophotonics, Freiburg, Germany, August 11-14, 2008, pp. 42-43.

C. L. Hoy, N. J. Durr, P. Chen, D. K. Smith, T. L. Larson, W. Piyawattanametha, H. Ra, B. Korgel, K. Sokolov, O.
Solgaard, and A. Ben-Yakar, “Two-photon luminescence imaging using a MEMS-based Miniaturized Probe,”
Technical Digest Series of Conference on Lasers and Electro-Optics (CLEO), San Jose, CA, May 4-9, 2008,
CThG5.



[69]

[70]

[71]

[72]

(73]

(74]

[75]

[76]

[77]

[78]

44

W. Piyawattanametha, H. Ra, M. J. Mandella, C. B. Du, C. H. Contag, G. S. Kino, O. Solgaard, and T. D. Wang,
“Three-dimensional in-vivo imaging with a miniature dual-axes confocal fluorescence microscope,” SPIE
Photonics West 2008, Endoscopic Microscopy Il (6851-13), San Jose, CA, January 19-24, 2008.

K. E. Loewke, D. Camarillo, W. Piyawattanametha, and K. Salisbury, Jr., “Real-time image mosaicing with a
dual-axes confocal microscope,” SPIE Photonics West 2008, Endoscopic Microscopy lll, Vol. 6851, pp. 68510-
19, San Jose, CA, January 19-24, 2008.

C. L. Hoy, N. J. Durr, P. Chen, W. Piyawattanametha, H. Ra, O. Solgaard, and A. Ben-Yakar, “A Miniature
microscope for two-photon imaging and femtosecond laser surgery,” Frontiers in Optics (FiO), September
16, 2007, San Jose, CA.

W. Piyawattanametha, E. D. Cocker, R. P. J. Barretto, B. A. Flusberg, J. C. Jung, H. Ra, O. Solgaard, and M. J.
Schnitzer, “A Portable Two-photon Fluorescence Microendoscope based on a Two-dimensional Scanning
Mirror,” IEEE/LEOS International Conference on Optical MEMS and Nanophotonics, Hualien, Taiwan, August
12-16, 2007, pp. 6-T.

W. Piyawattanametha, H. Ra, M. J. Mandella, J. T. C. Liu, L. K. Wong, C. B. Du, T. D. Wang, C. H. Contag, G. S.
Kino, and O. Solgaard, “Three-dimensional in vivo Real Time Imaging by a Miniature Dual-axes Confocal
Microscope based on a Two-dimensional MEMS Scanner,” the 14" International conference on Solid-State
Sensors, Actuators, and Microsystems (Transducers 2007 & Eurosensors XXI), Lyon, France, June 10-14, 2007,
pp. 439-442,

H. Ra, W. Piyawattanametha, M. J. Mandella, J. T. C. Liu, L. K. Wong, T. D. Wang, C. H. Contag, G. S. Kino, and
0. Solgaard, “Three-Dimensional in vivo Reflectance and Fluorescence Imaging by a Handheld Dual-Axes
Confocal Microscope,” the Technical Digest Series of Conference on Lasers and Electro-Optics (CLEO),
Baltimore, MD, May 7-11, 2007, CTuEEL.

W. Piyawattanametha, H. Ra, M. J. Mandella, J. T. C. Liu, L. K. Wong, C. B. Du, T. D. Wang, C. H. Contag, G. 5.
Kino, and O. Solgaard, “MEMS Based Dual-Axes Confocal Handheld Microscope for in vivo Imaging,” SPIE
Photonics West 2007, Endoscopic Microscopy Il (6432), San Jose, CA.

M. J. Mandella, J. T. C. Liu, W. Piyawattanametha, H. Ra, P. L. Hsiung, L. K. Wong, T. D. Wang, C. H. Contag,
and G. S. Kino, “Compact optical design for dual-axes confocal endoscopic microscopes,” SPIE Photonics
West 2007, Endoscopic Microscopy Il (6443), San Jose, CA.

W. Piyawattanametha, B.A. Flusberg, R.P.J. Baretto, J.C. Jung, T.H. Ko, E.D. Cocker, H. Ra, D. Lee, O. Solgaard,
and M.J. Schnitzer, “Toward portable two-photon fluorescence micro-endoscopy using a two-dimensional
microelectromechanical (MEMS) scanning mirror,” 2007 SPIE Photonic West Conference, Multiphoton
Microscopy in the Biological Sciences VII, San Jose, CA, January 22, 2007.

H. Ra, W. Piyawattanametha, Y. Taguchi, and O. Solgaard, "Reflectance and fluorescence imaging with a
MEMS dual-axes confocal microscope (Invited Paper)," Photonics West 2007, Endoscopic Microscopy |l

(6466), San Jose, CA.



[79]

[80]

(81]

(82]

[83]

[84]

[85]

[86]

(87]

(88]

[89]

45

W. Piyawattanametha, J. T. C. Liu, M. J. Mandella, H. Ra, L. K. Wong, P. Hsiung, T. D. Wang, @G. S. Kino, and
0. Solgaard, “MEMS Based Dual-axes Confocal Reflectance Handheld Microscope for in vivo Imaging,”
IEEE/LEQS International Conference on Optical MEMS, Montana, USA, August 21-24, 2006.

H. Ra, W. Piyawattanametha, Y. Taguchi, and O. Solgaard, “Dual-axes Confocal Fluorescence Microscopy
with a Two-dimensional MEMS Scanner,” IEEE/LEOS International Conference on Optical MEMS, Montana,
USA, August 21-24, 2006.

H. Ra, Y. Taguchi, D. Lee, W. Piyawattanametha, and O. Solgaard, “Two-dimensional MEMS Scanner for Dual-
Axes Confocal in vivo Microscopy,” |EEE International Conference on Micro Electro Mechanical Systems
(MEMS) 2005, Istanbul, Turkey, January 22-26, 2006.

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 using a microelectromechanical systems
two- dimensional scanning mirror,” Technical Digest Series of Conference on Lasers and Electro-Optics
(CLEO) 2006, Long Beach, CA.

A. D. Aguirre, P. R. Herz, Y. Chen, J. G. Fujimoto, W. Piyawattanametha, L. Fan, S. Hsu, M. Fujino, and M. C.
Wu, “Ultrahigh resolution OCT imaging with a two-dimensional MEMS scanning endoscope,” in Photonics
West 2005, Advanced Biomedical and Clinical Diagnostic Systems /], Session 11, 5692-49.

L. S. Fan, W. Piyawattanametha, M. Fujino, and M. C. Wu, “Endoscopic three-dimensional OCT imaging with
MEMS scanner (Invited Paper),” Univ. of California, Los Angeles; A. D. Aguirre, P. R. Herz, Y. Chen, J. G.
Fujimoto, Massachusetts Institute of Technology, SPIE Photonics West 2005, MOEMS and Miniaturized
Systems V, Session 5, 5719-20.

P. R. Patterson, D. Hah, M. Fujino, W. Piyawattanametha, and M. C. Wu, “Scanning micromirrors: an overview
(Invited Paper),” Optomechatronic Micro/Nano Components, Devices, and Systems, Optics East 2004,
Philadelphia, PA, Proceedings of SPIE, vol. #5604.

W. Piyawattanametha, L. Fan, S. Hsu, M. Fujino, M. C. Wu, P. R. Herz, A. D. Aguirre, Y. Chen, and J. G. Fujimoto,
“Two-dimensional Endoscopic MEMS Scanner for High Resolution Optical Coherence Tomography,”
Technical Digest Series of Conference on Lasers and Electro-Optics (CLEO) 2004, San Francisco, May 2004,
CWS 2.

W. Piyawattanametha, P. Patterson, D. Hah, H. Toshiyoshi, and M. C. Wu, “A 2-D Scanner by Surface and
Bulk Micromachined Angular Vertical Comb Actuators,” IEEE/LEOS International Conference on Optical
MEMS, Waikoloa, HI, August 18-21, 2003, pp. 93-94.

“Cascaded Micromirror Pair Driven by Angular Vertical Combs for Two-Axis Scanning,” IEEE/LEOS
International Conference on Optical MEMS, Waikoloa, HI, August 18-21, 2003, pp. 99-100.

W, Piyawattanametha, P. Patterson, D. Hah, H. Toshiyoshi, and M. Wu, “A Surface and Bulk Micromachined
Angular Vertical Combdrive for Scanning Micromirrors,” Optical Fiber Conference 2003, Atlanta, USA, March
2003, pp. 251-252.



[90]

[91]

[92]

[93]

[94]

[95]

46

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.

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.

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.

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.

Invited/keynote talks (selected)

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

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

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

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

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

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

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

2014.



[8]

(10]

(11]

[12]

[13]

(14]

[15]

[18]
[19]
[20]
[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

47

“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 - August 1, 2014,

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

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

“Early cancer detection with photonics technology,” The 1" Young Scientists Meeting, Tokyo, Japan,
February 13-14, 2014.

“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, Novernber 9, 2011.



[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[39]

[40]

(41)

[42]

[43]

[44]

[45]

[46]

[47]

[48]

48

“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.
“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 technigue,” 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™ |EEE 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
(TSPCQ), 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" |nternational 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.
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“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.

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

“Advanced Clinical Imaging (Invited Tatk),” 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 Koneg,
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 (SPRC),
Stanford CA, September 18-20, 2006.

“Surface and Bulk Micromachined Two-Dimensional Angular Vertical Comb Actuators Scanner for Endoscopic
Ultrahigh Resolution Optical Coherence Tomography Imasing,” 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/wortd—unIversity-rankings/king—mongkut&institutevtechnotogy-

ladkrabang)
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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/KMITLAENGlNEER[NG-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:/Anww.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 Microsysterns
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,” -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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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.

“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.comy/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.

“Farly 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.eo.com/kgo/story?section=local&d=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-5ept2006-
MEMS.pdf.

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

July 2004, pp. 47-48.
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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, 5. Pathumraj, 5.
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.
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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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