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Research Title: Design of Full Frame Biopsy Standard Slide Scanner for Cancer Diagnosis

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

Technology Ladkrabang
Abstract

This work presents a new low-cost digital single-lens reflex camera whole slide imaging (DC-WSI)
system, which is the most recent imaging modality being employed by pathology departments
worldwide due to its high-throughput routine and high-speed capabilities. The DC-WSI system
field of view achieves 22.6 times larger than that of the equivalent magnification of a conventional
microscope system. The DC-WS! is capable of performing the whole slide scanning (2 cm2) under

2 seconds.

Keywords: whole slide imaging; low-cost camera
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Tissue sample

Fluorescense

White () ® Light source
Light source f=50mm

Emission fileter
—
{fluorescense mode)

N

f = 50 mm
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NA fa Numerical Aperture
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Figure 2 NA = (n)sin(y)

(a)p=7° NA=D.12
(b} = 20°NA=0.34
{c) ¢t = 60°NA = 0.87

Figure 1

< Ha Vo
< P a .
il 8(a): mwlauussiisnunsoiudigssuuld il 8(b): nmaudindl NA dreiy
#un: mn:

3.1.2 ndnN1sYedENIiTaLUe (Fluorescence)
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neuresnansEfuazgnandulneBidnvseuesoynaigesisaleud dwsiiusefundanuues
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ANN A
MRAAYAVAV:
Absorbed Emitted
E excitation flugrescont
] light light
Fluprescence
| lilctmelss) \ 4
Ground State

AW 9 AMNUERISTAUNAIUTEBIENNIRUTagNnIERuLAzYI9N1TTaeUEN

3.1.3 vigeaisawudaunniu (Fluorescence Spectra)
weniildnseruuazuasivdeseanunvasluianavesasiiauasazanuenaiuiianes g

szannsauansunymseninsmnuemeauivanuduvesdygunlnsiuuasdygynivasy
v o 4 ywi 4 o ' = 4 o ‘ X 4
gony Afwandlugy 10 MnglanulairduiignudegesnunasiinnuemaiuiginiinnugIni

Aldnsgdutdesnniinsgydsndinuvasinsnsgfuannmanainanludiuremannisvesansises

Lheta

Excitation Energy
Aususug uorsTiwy

Excitation Energy
Aysua) vorssniy

/

Ex.
Wavslongth (rm) Wavelongth {nm)

AN 10 MNKEAIAMNFUNLETENT19AINY1IAFUAUAMMDNVDINGT NV IF YY1 TE

-SBe
=

wazdyyuivdagaanun

3.1.4 Fluorescein
. [ a 4 a o a ‘e ot 8 17 =] 3
Fluorescein \uansdsasizviosiniinianwaziduddudunssnng azarslalutiuazioans

go$ JeulfiduansSeaaniouansshumiviesessesluruiudiinen (fluorescence tracer) #13
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3 yiandanae 1) fluorescein isothiocyanate (FITC) 2) oligonucleotide synthesis 3) 6-FAM

phosphoramidite

— ERiSSION
----- Excitation

AR 11 ANuERIANEIRAULETTIINTERuLaTATINENIRAULEIYERERBNINYRY FITC

3.2 N15AF19ATIAULUULATDIENY
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Wereuwth FefiaTesdioavanunsatuiinmle 2 nun fie Inunasyiouuaw waslnuavigestsa
Wud Feganunsaviimstuiinnw wazdsnwluddumiieUssunanavasausinailasi (embedded
system) Gaszuvaussnatlsfaiananiuenainazyhulunsiy wasuaninaninuds Saluszaninm

1NNETUNNTUTEUIARANTNNE T893 UNTITFBE8ANINAIUNITUSEUIANAN N ILBUIAR LASBIALAY

sunuulsznavlumigesrusenaunisaluil

3.2.1 \aud (Lens)

A 12 AC127-050-A, Thorlabs



12

\iosnszaying uazsvaznneedsvuuaudianuduiusiviualag nutesssuvegunn
o ¥ x5 o @ w I3 aw eda v a o & v °
faiudsdiludewhmsidoieniaudiien NA uavszezivfanvingan Sduilowiu annsAum

manged] laudfiunzay Ae wudein Thorlabs Lwes AC127-050-A FuilszerIniawiriu 50

-— tc—v

]

T B

- AC127-050-A
Diameter : 12.7 mm
f:50.0 mm
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i
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3.2.2 Emission filter (Ruorescense mode)
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. . Wavelength (nm)
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§ o

Tulnuanmsvhnuuuurgesisaud Sulufinesesdiflawesineldlunisnsesnduuaiislala
P Y & v - o o & v <
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mauemeaLTissdea e maduLaddadld fethaty aansadenaruemaduuad
wnzaufuansGoua wasilameianzanugnduadiirunissiiaioaveadad viontiwes
wadld NawmeiTidenldasiuagfuinvesmmenaduresiadivdaseaninanansiFecuas Tngly
amAiddenTlawmedain Thorlabs wed MF530-43iitelsasiumueinduuawes FITC {Hundn

AN 14 BaTHINN 15

3.2.3 Full frame CMQOS sensor

mwﬁ 16: Sony camera, a7Sll

e iMslunmstuiinamhilasimsidetazlfieuwesanndos Sony fu a7sil faudundes
P XY v o o ¢ v o 44 & v s ¢
fanunsamlavialumuvissnann leswmpaiidenguweiveindeswitiiionin 1) Wundewiliwuiwes
& . aa ' . & 4 ¢ 6 o & a
AR (full frame size) AfisAsie pixel Aouiveswugesmngaluviowan 2) ffwun
w94 pixel lagUszananviniu 8.33 luaseu Fullanumuizauielalunisidululasanist 3) wieen
\Hundesimlamivluviowmatn warfinnuiewgs vinlianunsandeslumangnninfiiveldlusmiide

e

3.2.4 szuvanaInaiei (embedded system)
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Tissue sample

TN ,
Fluorescense

11 Py
White {3 ® Light source
Light source f =50 mm

Emission fileter
{fluorescense mode)

i 4

f= 50 mm

5U# 18 AMTDDNRUUTEUUKENLAYTINYBDAAT DA RN UFIDE 1 UBLED
evhnsgegunsalnwilieanuuuly wasusenauiudussuuateianusndieninain CMOS
sensor ¢ aUsznavlufedInrsInIsinasnerasndasasluduilaie wasdiuvoen1ssunmale

v o Qs

\Ainannnisazvisuvadasndlanidngfmudyginunm (ndeswdvia) fsguin 19-20

JU# 19 mmsguudsstaansadenmannaladfieieuain pap smear 19
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@ o

danutiauas (Light source)
ung Micro stage xyz navsAvaea (Digital

camera)

punamas (Motor driver)

Dh.

UULA

JUT 20 druisznausingg YeessuumenIn

finsmaasuiionAInINasdyn (resolution) AN3aBTBINIH (field of view) Andsvenevogy

(zoom) seezianlglunisanetiunwiauaualas el
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4.1 Aauazdea (resolution)

AoA1SEEEYINTENINNgA 2 gafindesanunsanenya 2 greenainiuld lagn1sveasamiAIAm
avidon nszvilagldnuy Resolution Test USAF-1951 Fadugunsalinasgnilunisldnaassmaimiy

AUlBUATBITTUUAEAMAIFUN 21

SU#l 21 USAF-1951

4.2 AYNUB VRN (field of view)

b= J

AoAfiufinisuesiuroindewsegunsalateninle q Ngunsalonenwiuwasaniuitue sy

waud INTUUANAIUYUILDITUNNYBINGDY AIFUN 22

Focal Length
eusnividhuenaud

JUN 22 AunuUYeITEUUANEA TN



4.4 Fndsveevivagy (zoom)
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AaAiauduiusiviiusreiniaveaaud telephoto msmussazlniavesaud wide-angle &9

Tty

Zoom =

focal length of Telophoto Lens

focal length of Wide — angle Lens

4.4 szezaiglunisaneiunmnndualas

oy

Aaszeznafiszuuldlunisareifuaimainuiualan ThinPrep viaudu Tnensusenuantaden

Headas erfilussesnamenmessndssdeiinausilunmsaienin 5 fos seesiiaIn1snasuang

wanazsruzafianangadandsainiadeuiiyssuna 0.5 Juil uasiiuivesudualad ThinPrep

Uszu0d 500 9151908 AWHS

A9 1 AssuanIRuaNTRvaITEUUaIBAIN

Focal length | Focal AN | A Aupes | ssezianiild
of Telephoto | length of | avidem | Mdwwens | vesmw | enstfiunn
lens Wide-angle | (um) (1) (mm?) (unn)

lens
20 70 3.89 3.5 30.40 12
20 200 3.89 10 4.20 82.5
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Wide-angle lens

Slide holder
Telephoto lens

Light source Digital camera

XYZ stage L Motor driver
Actuator

3U# 23 fuluurassEuuinenw

ngufl 24 spuudsnamiineasBeadeiigunsaliintilunsaeusiualad ThinPrep Tnvduiia
ag”lunémﬁ'nﬁaﬁ’uuaasumumnmauan naealivnIANIe 40 WUFRIAT 8717 60 WuRluns Lagge 30
RS Sunasiudauasiiiu LED-ring Fadu LeD Aldiuawn shuau 48 waen awnsausuaudy
voauasld Fenmilarnnsaaieldasiinsguaglugag 3.5 - 10 gu 1¥ndea NIKON D3400 Aflvun

WULEINI19 23.5 fafiuns wavend 15.6 daduns Wudisunim 3 XYZ awadwsuidaudlandedunse

ol

Boulaly 3 unuie wwIsn wuaueY uazuwIRe Tnennsadaudily DC servo motor (wgnﬁ’qﬁqﬁ’amn K-
Cube Brushed DC Servo Motor Controller 958 Motor driver) muqumsmﬁ‘auﬁ' wazidsresnsg
\AADUTILLAAN LUIUBULATLUIR ATOUARNSEYEVNN 12, 12 Uag 12 Hadunsaud1ny nsLAADuT
wuds wazwueu il faninsadeldaseungunialad wasnsiedeufiuundnviminfidmiy

USudumisvadududlad ThinPrep Wilunyalnfaveaaudinelilanwindaan
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unil 5 a5unan1sideuasdaiduauue

1ANISAAUILS192Lanave CMOS camera double lens system(Wide-angle lens and
Telephoto lens) fifiaruaziden 3.89 pm Tagaunsaviuaiidsuengld 3.5- 10 wia Tngfl Focal
length of telephoto lens winfiu 20 , focal length of wide-angle lens winfiu 70 t31vgldAssBIYes
AT 30 .44 mm? wae Focal length of telephoto lens winfiu 20 , focal length of wide-angle lens
Wity 200 isagldrnyumaauesnnil 4 .20 mm?

Fanwadndsinaniuiisawed miunisasiifogad Fudriinswaun Software lunsmsag
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[1] Suvicha Sasivimolkul, Tanakit Jittichaiwet, Wibool Piyawattanametha, “Whole Slide
Imaging Based on Low-cost Camera, 2018 International Conference on Engineering, Applied

Sciences, and Technology(ICEASST), Phukut, Thailand, 4-7 July 2018.
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Wibool Piyawattanametha, PhD

King Mongkut’s Institute of Technology Ladkrabang (KMITL)
Group Leader, Advanced Light Microscopy
1 Soi Chalong Krungl, Ladkrabang, Bangkok, 10520 Thailand, T: +66 (0)2-329-8000
Email: wibool@gmail.com and wibool.pi@kmitl.ac.th
Adjunct Professor, Institute for Quantitative Health Science & Engineering, Michigan State University
220 Trowbridge Rd, East Lansing, MI 48824, USA, T: +1 517-355-1855

Email: piyawatt@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

J//www timeshi

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

® Awarded Gold Medal Award for Smart Road surface Monitoring System via Cloud Computing from the 46th
International Exhibition of Inventions of Geneva 2018, Geneva, Switzerland

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

® Awarded Special prize for smart emergency vehicle notification APP and traffic clearing system via cloud

computing from Korea Invention Promotion 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 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 (P) in the following funding agencies since 2009 (USS$ 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
® FElevated 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 (US$ 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 Agéncy (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 (UM3) in 2014 (guest editor)
® PLOS ONE from 2012 to present (reviewer)
® |nternational Journal of Cancer (IJC) 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, TECHN!ON, Peking

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

PROFESSIONAL EXPERIENCE

Michigean 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 Rediatrics

® 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 scannirig microscopy. Those microendoscopes/endoscopes are:
OTwo-photon microendoscope: to be used in small animal imaging
ODual-axes confocal endoscope: to be used in human patients
® Co-developed the first compact 2-D MEMS scanners with high speed and large angular rotation for endoscopic
imaging applications
® Optimized micro-fabrication process of MEMS scanners to increase production yield, production efficiency,

and increase scanner performance

® | ectured in MEMS/Optics classes at Stanford University

University of California, Los Angeles (1997 - 2004)

Graduate student researcher

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



(5]

[6]
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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. V. Liu, W. Ma, W. Piyawattanametha, Y. Zohar, “Isolation of circulating
tumor cells under hydrodynamic loading using microfluidic technology,” Advances in Mechanics, 2014, 44:

201412.

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

(10]

1]

{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 Japa.n,” 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. 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, “/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),”
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“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,
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“Confocal microendoscopy,” International Coastal Biology Congress 2014, Yantai, China, September 26-30,
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“Light microendoscopy for early cancer detection,” The International Conference on Beneficial Microbes
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“MEMS based medical microendoscope,” Institute of Photonics and Microsystems, Fraunhofer Institute,
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“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.
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“Biological imaging with handheld microscope,” King Mongkut Institute of Technology Thonburi (KMUTT),
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“Imaging Systems in Dermatology,” Thai Dermatological Society Annual Meeting, Centrara Hotel, March 11-
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“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™ International Conference on Sensors 2009
(AsiaSense), The Imperial Queen’s Park Hotel, Bangkok, Thailand, July 29-31, 2009.

"Advanced Optical Endoscopy and Microendoscopy," Stanford University Photonics Retreat (SUPR), Monterey,
CA, April 3-5, 2009.
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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,
Bangkok, Thailand, November 4, 2008.

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

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

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

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

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

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

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

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

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

“Surface and Bulk Micromachined Two-Dimensional Angular Vertical Comb Actuators Scanner for Endoscopic
Ultrahigh Resolution Optical Coherence Tomography Imaging,” at Optical Sciences Center, the University of
Arizona, October 8, 2004.

Media articles and awards (selected)
Listed on Times Higher Education Ranking Website as a notable KMITL  Alumni

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

ladkrabang)
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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
(IEEJ), 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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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.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:
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, S. Pathumraj, S.
Niruthisard, P. Sarapukdee, and R. Jolivot, "Development of a Fluorescence-labeled p16 peptide for cervical
cancer screening,” Thai Patent Application 1201003486, filed September 2012, Patent Pending.

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

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

Book chapters (selected)

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

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

“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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