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Pap smear diagnosis machine with Deep Learning Technology
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4.3 Nan1INAaITURaUNIT@uluLAga resnet50

4.5 HaN1SNAAITURDUNITEDY LA resnet152

4.6 HANISNAADITUABUNNTATIVFBY MLAa resnet50, resnet101 wag resnet152

4.7 NaNIINAADITURDUNITVAGDU LULAG resnet50 ATIN

N

4.8 HANISNAADAVUNDUNISNAFDU LULAA resnet50 AN

4.9 MISMHNANISNARDIVUADUNISNAZDU LULAA resnet50 ATIN 3

4.10 HaNSNAABITUABUNIINAADU Laina resnet101 ASI 1

4.11 NaN1SNARBITUADUNITNAEDU LAa resnet101 ASIN 2
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4.12 NaN1SVAABITUADUNITNAADY L3LAA resnet101 AT

4.13 HaN1SNARBITUABUNITNAADU LHiAa resnet152 AT 1

4.14 NaN1TVINABITUNDUNITUAADU LULAA resnet152 ASIN 2

4.15 HANISNAADITVUNDUNSNAFDU LULAA resnet152 AT 3
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Research Title: Pap smear diagnosis machine with Deep Learning technology

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

Technology Ladkrabang

Abstract

This research is made to solve the lack of Pathologists by focusing on the cervical cancer cells
classification using artificial intellicent based on cloud by the system consists of 1) Device for
capturing ThinPrep slide from a liquid-based pap smear, and then send images to cloud. 2) The
processing system for detect cervical on cloud used artificial intelligent type convolution neural
network to detect cervical cancer from images, then send prediction to pathologist, so that it can

be viewed from any location.

Keywords: Cervical cancer, Deep Learning, Artificial intelligent
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1.1 anudunuazanudiagvestym

Tudaglunisasianseswnsainuagnlaldinaina Pap smear wazinadan1snsiamAdueves
delada HPV Funedavisaosiinanldgneoniuuazgninluldmunulsruziisinungnlunguusemed
Wanud [1] urinedanisnsadansesnduldlilduavinfieslunduussmaidaiauvilaningun
ni1 80% vesftsuShnungniimuanuaglunduussmaidsiasuicssmalne Tasanive
wanlen AaIALAAYINNTLAZYARAINTITUASISIEY ALiReLilavesUssvvwAE iy
mMsnsIafnnsedlsaNzi3sIningn uardedidnizesnnuly mnudimy wazdunulunsnsiadanses
uzifennuagnueamadaildnsadansesildey Tudlagiunisasiadansomniwinuagndioimaia
mMawadIng1vie Pap smear ifosainnanaiafie msinnaauads (false negative) Jseainanda
wlsiivadseslsaldgnifvaluduneuniafuiedasadanguasdunndenaliaunsafueadd
Aaundldmnuinuseslsaiiumadniilieinlunisssydumisiiinaesseslsavisegluuinuiiiv
fhoghaadldenn sufiureulunawisaladuasnisomeadiifiguning mansamwadinund
afldunupeinnifleisuiusheghamadimAvundndudedfyanansnimudemalunssuaums
WU w3eu Larnsa93tlade [4-6] aagdesnianinanivihliinelaniswaainen ¥3e Pap smear \Ju
waiafiiaulasd msfiazdnalddanseansielanuagnlifldnagiresndudomingiadiogng
ahiaueyng 2 U ihlidesldsuyssanauasyraainsidanudesvgludiuasuimsdanisgs nng
fiawadianiaa DNA veaieliia HPY Aifuawmeslsnunisinumgnanansotientdymides
KAAUA (false negative) Iédunilusifiosannidelasa Hpy Wudedinuldilulunduuszens uas
fefiRaidiolasa HPY wnnndh 90% ansnsarndnuazmeidulnfldiodasldnelifislsnusss [7-8] v
THinafiani13ns1a DNA veaidalasa HPV Sinralufulduasiduyulunisnsiafiguiesinvaia
fanansnudodivesufoinmaifiniastieduguiiansaan DNA veadolda mamsanuuadine
%39 Pap smear 921UN19M5799%1 DNA voutala¥a HPV 3eniumafia Co-testing 29anunsnannInud
voamstansatlunszuiunsesadansedididuedieten 3 eatauarlfsudssanumuvenisnma
dansesfosninmsnsadansesdiliinadia Pap smear Liissagaiieann 2 U [9-10] Co-testing dauLu
FBuwmsgiulunisasvsanseanziiinuagnlulagiumutdenivunvetesdnsainanie) wu ACOG,
ACS waw USPSTF dsanndoadnludosauliasanuaimzvesmeianaesdaiildnd g wn
wuauAnUnAnran1sasIaiesududesinisnsraudulaensldndestideenss (Colposcopy)
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N3TUIUNINTUTMIInMSLitefasandaiUlednduiilefigadnamemadan1ang13ing maaainnis

7333 Pap smear UAzN157533 DNA Yaudialasa HPV dwandlugui 1.1

Primary Pap and HPV Test
|

| ' I ! }
Pap LSIL or HSIL Pap ASCUS Pap ASCUS Pap negative Pap negative
Any HPV result HFV positive HPV negative HPV positive HPFV negative
! : ' ' '
Repeat Pap Repeat both tests Repeat in
I
Celposcopy Eclposcopy in 12 mo in 6-12 mo 3yr
, |
l hd l v
Any Pap result Pap LSIL or HSIL PapASCUS Both negative
HPV positive HPV negative HPV negative
|
- ;! v l
Colposcopy Colposcopy Repeat Pap and Routine screening
HPV in 12 mo every 3 yr
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Mndedrfanesumadatagznszuunsinnisfeingnmagiulidinimainugiae
Isausaunnuagndesldiiauiuaedlnii anndoyasienuadflsnusiswesantulsauzi sty i
T 2555 i asfuiniidunudtheumdglnifutunn® Tneluda 10 Bssnaudsmeauma
affaan (U 2555) IaiiheusSadiudiuann 10.71% Tu 2566 Ju 17.77% 1ul) 2555 vefievimun
vosUsznakazdinsdnunldufios fiuiudn lnediisusfanuegnisniuidodududuiiaesie
14.39% vasfithenzianadaiomn [12) Sududesindiofionniauaniviedasadnasnss
bvidlemagaderdaesenitamsdansiasnwnloun uazdadaslduaainsmsasisauae laun wwne,
WEIUA, L%’mﬁwﬁ;}’ﬁm’mL%mmfyiumim‘%améﬁaaﬁawaéuazﬁuﬁaLLazwm%LmeéLﬂmﬁ”]u’mmm
Fofulasimdeilsdldeenuuuszuuiteudtameenam Tnensieuesssuuazdsznouluieinios
aunugadmogsillfiivininguaelutuneunisyin Pap smear uagymsdenmvongadlugundes
Wi (server) FaiaToausidngagyinisdnnsesead fenslitugusefug (Artifical Intelligent) way
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1.2.1 W03 AT0awNUYaa Pap smear Nilnalulad Deep Learning
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lassnsillagatiuniseenuuuszuulunisasiadanseseaduzisauinuagnietdygussfvgi
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vinueguunag lngsyuuiazusgnauldiig 1) inTesaunuded1awadfileainnis Pap smear 39
WIDARNUY anansafvzannueadidagantnainuinungnuesyUie waitnistuiinain siudedanin

Wluesosudvieriumaduneside 2) ssuunisUssananaiiiodnnseueadfivhanueguuiaioduwivng

a & a

Ingszuusananazldlygrusshvgutinlasaunsyuszaim (Neural network) ag Deep Learning 1o

43
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nsAnNseINMYBIaTUINUAgNTIdw wIeIATBsaLnueanLuUlulATINTITel

1.4 UYAFIULAZNTOULUIAMINANYDILATINIGTINY
Tutlagiiunisideluesvenadosaunudiodiniobe womalulodildlunisdufinami
{Aerfuganiginamansidede (histological) lé3uamuaula uasgnitmuiunesisdeiiles ilesan
qﬂﬂizﬁ%’umwsuﬁmﬁﬁuﬁawﬁwmmﬂiuia@mﬁmeﬁwm'ﬁimmswﬂﬂa (Tele pathology) 34
weluladiananfinud i lunmsfnmnendinevedsamaeq eg1aun tnsiawglsafiinnsidadose
maiusedniladedundnegialsaunss Taelud 2003 Dr. B. Molnar uazane [13] 1Avhmsidely
msasuRdneadlasueshediladefifvrfunssmizormaazdild eldlunsinsidemaie
n1sdesndesganssaidiass (vitual microscopy) Tnun1snaaosillémuisesenunaniuisoves
Asmara Afework bagany [14] Sa.8un1sidunisiinsgisoimaiianisdesndosganssmidiass lag
mslfinediandenanssmisiasssmiunsiesziamildainnisaisidnoadladveswenuaidnsagy
Tnelumsfiunmwainsiedraideidotu fnduues Dr. B. Molnarsanarldldinies Axioplan 2 MOT &4
Mnamaziulidnszuufindesqanssaiiivunniilvg sanmsmaisenanslfiiuinnisins g

o

wetlan1sdeinaeganssaiiaedunisitadelsaiineadunsesmy wagaldlinuniugnia 95.1% %9

v Y v Y

WaleuiunNITINdgIeA L UAINIALLLUEY 98% vinlwLiiuI1 n1ATadeAemATANITAINand

Janssaddnaesdauuiugnantsadedold duasesannudlegiulioelualadluiuuiaue

£ v a

lasans3deil laldnannsieituiumatianisdesndesgansiatdiass nszilieinguiianisly
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Uunil 2 UUIAUAR NBUATIUITENNEITDY/NITNUNIUITTUNTTY

N3rUIUMTIUNINTIIAANTOINIELIAININTIgAlUNSARNSBIRIEWALlA Pap smear AB N15d8Y
asrailoneadninunfuudiegiaieaBeinuunangiie msizdiuiuveuwadiiaunffivusuends
seelsauzisanuegnuesgadiseluiidiuundesuindliefisuiuwaddiegeviaue inliduneuly

a a & vV

nMsfuwasiinUndsinandedddina wazaueanuegsnn ﬁqﬁ?umﬂ%{kyﬁmﬂiswgmm?hEflu
duremsfumaaiiinunfduazannsoy i iRauienuazmniy lifufoinuinailuns
PIINAOUHANITAANTOILINTY m’mLLajusT'fLumsmaaﬁmﬂiaﬁagﬁu Frfusruumadnnioneaduzss
memqﬂéhEJﬁzgzmﬂisﬁwjiuimqmiﬁﬁqmEJLﬁmﬂszﬁm%mwimsJi'Jmeﬂﬁmaa]ﬁ@mmmL%ﬁhﬂ

ungniudagtula

2.1 M5138U3LB9AN (Deep Learning)

Deep Learning Lﬁuﬁmﬁﬂﬁa (algorithm) ﬁgﬂa%ﬁﬁumLﬁaﬁﬂﬁméaﬁmﬁam%mauﬁuma%
annsnideuiuasdilalfndoutuued Tneyamdsdasinlifnadosinsamnsayssmanadoyadau
1N waziimsdrassiaseriuszamuuuiieniuluaueswasnwd 1wy sunmmilepddsazyhlsisunim
Wasudunnimesvesnnuaiiwiogadinea m‘%auaﬂuwﬁuqaﬁwﬂuLs‘fimsuawawaﬁmqﬁm6] RRHGN
'jWLi‘Juﬁuﬁmmgﬂﬁ'wﬂmﬁlﬁ mnmumwzmmEJé’ama’n%ﬁﬂﬁm3L§8u§ﬁazv‘imu¢iwq6‘] Pilgrdnealain
szilunisiseuiandnlundivianisidinisuansesnnisd@nin adiuldiinisiaunalulad Deep
Learning tiugninsathluianaldegramainmans segransiiausansiluntilagld Deep Leaming

WanaguN 2.1

everis p
- e
y o g
mp S, n o
k'3 b = @i - f?
'b\ b 5 - 4
- - 2 " . = —
.ié. = " S - - 1& "-"" "
j \ = A Ld

_—
¥
‘\
1
133

JUN 2.1 dregenisiseuiandtluninlagld Deep Learning [15]



Deep Learning A Machine Learning é]’awﬁqﬁlﬂﬁﬁmmiﬁwmmﬁ’ugﬂmwwhﬁ?u UAAEYINU
fudoyaidumiedoyasiavdunfld Ssdnunzves Deep Leaming Aldifumnmsgiluilagtuiudiany
winzaufuteyaussiangunmilusazfinaiiniumneidenleadu vl Deep Learning fiusylow]
lun1streanainugeenlunszuiunisin Machine Learning dwmsutayaguninasegraiidedAgla

W12 N13a319UUIIRRY Machine Learning Meuiveyavnjunintuazlildanuwazveenisldsuin

Y

S -

Tlunuudraedaense wisdagdeaiunssuiunisainnuanvugeanunou wdidsiinudnyeanie
wlaluldlviuuudnass Machine Learning 3eusioly feegramalintingg1uves Deep Learning lley

Tdiuludagduuansdaguin 2.2

Convolution Paaling Convolution Pooling Fully Fully Qutput Predictions
Connected - Connected

1 - —==rar===rae ... dog (0.01
> AN == "Bt (0.00
7> rrto r baat (0.54)
i . W- bird (0.02)
- ] B o = I Bl P &

N e I Al e -

5U71 2.2 Convolutional Neural Network (CNN)

Y

WATANINTFINYDY Deep Learning Mleuldiulutiaguu [16]

2.2 Yaunnfn9vay Traditional Machine Learning fiu Deep Learning
N58UUNNTVDY Machine Leamning tiadau Input 191lU TUsunsnagyinnig Extract (N15a1in)

Toyasne 9 eonu1AINTeyanyinng input 1k ielvilusunsuanusatteyalussulanaluduneu

Y
I

soluTeffadunau Feature Extraction (N13afnamanune) lngdunauilazyililinmanvuzinuves
Taya input kagaaniweInNsvestaya input tislidesenisuszuianadall ndsanduneu Feature

Extraction Uszananaiaiasausasaslayn Model vosdayail input inunluml Inedeyayaiiazgniily

Y
Wisuileuivyadoyainuniey wienisdauennquuesdeyauavindeyaludnaiudmsuldvinneie

Y

v v Y

AsvdeuANgnsesiutayayanely @11 Deep Learning Network dudunilsludanesfiuves

Machine Learning Tunaun15v91u199lUsunTuagAa1eiu Machine Learning Llggus Deep learning

Network Jlalaidndudesimunguuuudanesiiu wavaoudanasiiulifiuaeuiiomes tiewaArinig
wisudeyanindiegisiideanisldauienly ugrdnimmariudeuidinszuiunisves Machine
Learning wazlusunsuagyinisuszananalnesilutid udmnglddesnisiagyiuneguain fAiflosud
ﬁaugﬂmwﬁé{aqmiﬁwmEJlfﬁch IﬂiLmimﬁ%ﬁwmiﬂizmawaLﬁam'%smLﬁaugﬂmwﬁﬁmmiﬁmwﬁu

P A

Joyazunmiiilagiiiowand output 88N



Feefis Traditional
Input  —{ e —»| Features [—> ML Output
Algorithm

Traditional Machine Learning Flow

Input >~ Deep Learning Algorithm Output

Deep Learning Flow

'gﬂ‘ﬁ 2.3 Flow 13guLfiguszing Machine Learning VS Deep Learning [17]

2.3 Deep Learning Network

UseLnna09 Machine learning wuseanidu 3 Ussinnlaun

1. Supervised Learning

2. Unsupervised Learning

3. Semi-Supervised Learning

Tne Deep learning framework finmggdnsindanuiansfinuitu Faeglulszanvos

Supervised Learning §3 Supervised Learning §39879n15%1137u283 Supervised Learning LLamﬁﬂgﬂ‘ﬁ'
2.4 \BumaBeuiivuidesldfusuusiideuhdeyavaduiutoyavesdda wu nmaduiadesiing

ladoyagrnfouivuaninlunmuesatiy WelilusunsuSeusuazinnisduwunliludeyaaiv

Supervised Learning

Tag: Cat ﬁ
4 legs ‘
B

= ] tail » Cat has fur,

has fur 4 legs and 1 tail.
(Extracted (Model)
Feature) ‘

Training
Dataset No, it is not a ¢at.

'31117{ 2.4 MSVIINUVDY Supervised Learning [18]

N3£UIUYIN9IUYDY Deep Learning Network Usznoume 2 ﬁﬁzumau%ﬁﬂ laun

1) Training {uiufiinsdeudeyairlululusunsuileUszananasuundeyauasirludaifvly
2) Test Hutuiiflidoudoyalvaiidlululusunsufiolilsunsuriinisussuianauazsiiune
ponint Faduteyaludssiavla Tasnsiunethlusunsuasideyalunsudieutudoyadils

NTUNDUNIT Training



e Classification Image

=1

e ey
kh‘ = oupemaien = | CNN = kﬁ + Teddy Bear
" Y L

Input Image Output Data

e Object Detection
J =
hi

]
] v ]/ ] i + Teddy Bear
f . Jd as - + Plastic glass
% = osmprepraton mp | CNN mp (172 o
> W

=

Input Image

Output Data

gﬂﬁ 2.5 N38VIUNTT Testing

2.3.1 TumadUN1T Training
n13 Training Lwtuneuninisthteayatiludszaalulusunsy Tnedeyatuasieadiyuyei
IS v 1 v g A o a o aa A
wanviaty wagilnugadeas Wy Tegagus X Mmhunldlunmsuszananaaisisa X lunanvaneifiive
Tinan1sviwngesnuniiniuiiugunnign n1suszulananiIsitugyseianvestayaoiadaiig
a Y Y Aoy v ' o v aa i 9 & | ° v
AananlanndayansuidnanlinssivteyaninisTrainingld WWsknsufagliaunsavinuessnnls

Wi seeiugUgivearuuaneld uisnngudnivlindunnvionts test Wsunsuaslianunsavihunele

gﬂﬁ 2.6 A719819n15 Training Wag N3 Testing [19]

lun1sihdeyaiingiuneuves Deep Leamning Network Hulusunsuagviinisiaseudeya Loy

nsUsuravesgun ez lisunmdlanuantdnunniy - iiewseunioudngduneunis Training
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Image Resizing

Original Image Histogram Equalizational
SUN 2.7 Tumaunisinseunn
waRINNswsELdayaudanazgiuneunisinvinndu model nioguuuunisiieusiieiiuld

\Hudoyaitasiirluldlunis Test Inglufitisilénszuauns Convolutional Neural Networks : CNN Tu

msUszanaragunm ievilinisTundeyaiedu waganunsadaiule

Vil
| o = Teddy Bear
L

Input Data

JU7 2.8 N2UIUNTT Training

2.3.2 Convolutional Neural Networks

CONV - Convolution Layer
RELU - Rectified Linear Unit
POOL - Pooling Layer

FC - Full Connection

Input CONV RELU CONV RELU POOL FC FC Output

g‘dﬁ 2.9 ASTUIUNISTINGIUYBY Convolutional Neural Networks



1. Convolution Layer: CONV
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2.10 N19%1 Convolution Layer : CONV [20]



10

1) Mwasazalufineaves feature vosnmiiaenndasiu

2) geuusaziiniwaues feature iU filter Tnefumvasfinwadiaenadosiulunm

3) vinnAmeuindEAuLaTIIFE IUTITesRinialy feature niidesinaTiduT
(aediAdu 1) udr 1% 1 = 1 mnvsaeaduden (edandu -1) ud (1) * (1) = 1 Fadmnaseiuaziin
Tinaansiafinwady 1 wnlansatudy -1

4) virgwn  finwaved feature YoINMN

85

ons [ o+ B o O o

LETRRTREY 100 s fadl o

Eka - -

055 [EEERNIEE]

011 ‘041 -0

U7 2.11 fhegramssuas Convolution Layer : CONV [20]
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2. Rectified Linear Unit: RELU
11 output 210 TumeuN1s Convolution ABUREIIIAIUIUINNTUNAANSTILARDAIYBS

RL VIRV EY

B - o« (S0 - B3

0.11 ¥l -0.11 0.33 .11 011 -0.11

0.11 —0.11 0.33 fo.l1 -0.11

|
- [
= |

-0.11 1011 ER 1.00 EUSERNSE

»
0.11 011" -0.11 gkE —O.llvOll

sU#l 2.12 M9¥1 Rectified Linear Unit : RELU [20]

3. Pooling Layer: POOL
TudrureItunauns Pooling 1y 9gvinisidenArfininanainvuinunindndenty

[y

ganu eUsuvualigunménas wasldnaenuaeiidiAgvestoyaoanin

- N
0.77 EORENS LN 0.33) 011 [OES
— =

0.11 ¥y —Oll@—ﬂ.ll 211 -0.11

041 -0.11 BEIR 033 ‘ max pooling

lmﬂlu

- ...6 0.11 [kl
0.11 041 -0.11 [EEN 0.11 UGN -0.11 4
o - B -

SUTl 2.13 feehadunounsi Pooling Layer : POOL [20]
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100 | 055

Iuss 100
» » 100 e
|nss 055

+t + 1t 1+ ¢ -

CONV RELU CONV RELU POOL .

gﬂﬁ 2.14 g3Un13ns¥UIUNITYINGILTD CNNs [20]

2.4 lasevnedssanmiisy  (Artificial Neural Networks)

v

Junisasireuiiamnesiidnastenismsinuresausmywd wsevilineuiamesidnfnuas
IpdlusuifgiulasUieUssamuoysd Wedislineufivmesiliniwuyudladila d1ueen uas

L5le Feonasenlginduansena

Y

2.4.1 M3¥1191uv849 Neural Networks
dlodl input 1Y network Ak input 1AM weight Yeawsazw Nailldan input N9

2949 neuron AELANMITIUAULAIALDILTABUAU threshold Aifnuald damasiuia1uinnin threshold

o .

L&3 neuron Avwds output 8anly output UARgnalUds input 183 neuron 3u 9 MTouiuly

= %

network t1A1188A11 threshold Aagliiiia output Asd1AEABLSIABINTIUAT weight ag threshold

o

= &

dwdudsiiadeansiiielineuiamesii Fadudfliniuey uiaunsodwmuslinoufiamesuiuen
mdwﬁ?ulé’lmaﬂﬁaauiﬁﬁuﬁ’ﬂ pattern %aa?qﬁmﬁaqmﬂﬁﬁuiﬁw 56197 "back propagation” Ty
NTLUIUNITHOUNGUYBIN1333 Tun1TAN feed-forward Neural Networks aziinslddanasfiuuuy
back-propagation Lﬁ@iﬂNﬂﬂiﬂ%UU?ﬂﬁ’Mﬁﬂﬂ%LLuuﬁuaﬂLﬂ%a"d’la (Network Weight) nasanldsusuy
Joyadmiuiinliuriedoueluidarafauds Ailldsu (output) mnedetneaggninluiiouiisutuss
fienavts udwhmsdummaauianain Fsinuianainirgnasndudiginietneioldudle

AninAzuuse U

R

. outputs
inputs

input layer hidden layer output layer

JUN 2.15 lasease Layer vadlasetneussanniiniuunaiedu [21]
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LA38IASI3 Pap smear MIU5¥UU Deep Learning Technology a1nalas ThinPrep Lﬂuqﬂﬂszﬁﬁ
szraglunisasradansetmaduzisaiinuagnainaieiianeainalas ThinPrep lawuddiun1syineu

panu 2 d1ufe Hardware wag Software

3.1 “ann1588NLUU Hardware
1. SEUVAILNS0ONEN NSRRI DE19TALAU
2. szuvaLnsaanenmnivuIadnlasg1evaLau

3. SEUUENIA BN MNTLINeInIwmINnIINdesganssaduuulduas

3.1.1 YUABUNNTEBNUUY

1. ¥nsAnusEULIeINAesRanea DSLR vaa Nikon ¥ia DX waz FX formatifiavinnis
enndosfunzantumslfnulussuuiiian

2. MN15ANBITZUULATAITNIIUTB LA UE DX was FX format Litardoniauddidl
& weneAvnzaufunIsEIs A a5

3 ymsAnwssuuldieldlunisiandnndssegamangan

4 fhmsfnunszevinsesnsaladainiaudiuenzauagiiunwaaiae

5. fhnsneaesans A i SR UANEALTA ATITETe LAZLNUBIVBIN N

6. ﬁﬁﬂ’]iﬁ'ﬂ’g’mqﬂﬂiﬂj%ﬂﬁmﬂLL‘U‘UﬁaﬂW}LLMﬂQLLﬁU%’]ﬂ’]'ﬁW@ﬁ@Uaﬂﬂ% f518av1dun

famalull

3.1.1.1 ¥A15ANEINADY Nikon DSLR WUU DX way FX lnsgnvuin CMOS sensor

[ £

Wundnd1dn ms1zis1@09n15nnniianuazLdgnaut1d (Lateral Resolution) 3-4 Talasiunsd ety

o

'
a

AMUazRuATiaansawenlnadeananiule ladnisnedeunded 2 wuu A

1. ndo9 Nikon D3400 dvu1n CMOS sensor N314 23.5 Jaaluns 817 15.6 Jaaluns
Snuinwansuaie 24.72 S ufina flf sensor resolution width 6054 finlea 92aNANTAFUIAIMY
YUIN SreEvinesEning 1 finlwavidermaziBeniuindign 19a1n auniiaves CMOS sensor 113Aae

sensor resolution width aglé 23.5 1y, /6054 = 3.89 lilAsLuns
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5U7 3.1 ndos Nikon DSLR D3400

2. naa4 Nikon D80OOE Huu1s CMOS sensor 35.9 13, x 24.0 Ui, INUIUNNLYANINUA
AB 36.8 a1uNNLa 1A sensor resolution width 7379 ANLE LFIUITOAIUIUNIVUIATLY LN
s¥114 1 finlwanseaddagideniuinian 1Aa1nA31un3d19909 CMOS sensor #113A38 sensor

resolution width azl@ 35.9 ui. / 7379 windu 4.87 lalasiuns

5U71 3.2 ndoa Nikon DSLR D8OOE

31ndeyatnedudeliiaanndes Nikon DSLR D3400 Ho991nnsenNAudInIsLaziiniy
winzauias 4l

3.1.1.2 ¥nsAnwaud Im@ﬁ fin f-number Way sz focal length vesauATARI2

# Tagdien f-number denafisUSanauasiiniuiiniaud g fnumber dopgsunasdenirailruad

HIUAUALALN WAA1AT F-number g9 3ULAIIELAY LasIsRUdLaudlitae sEuuTivhnisvnaeuds

1 2 syyusssalul

a a

1. sutfocal length 18-140 tHun sldiaudiill focal length 18-55 fiaduns waziaud

v Aa [y 1%

71 focal length 18-140 fadwuns ueneiulagliaud 18-140 fadiuns 1Wuiifniunass wa1ana

=

VAU 18-55 TadlUAT MINUNAUALAFULUFLaUd 18-140 Naduuns T99slan1suuds Anlaainnisa

Y
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Ye1szey focal length Aldmnsiesee focal length Tisnanvaaiaudiiiu focal length AdonldnAe

18 fadwns dmsuauddmg Wesnnilunisnaaudnduiiu falunisannisguazdesdndaundu

'
o

\Ju focal length MiR7igan1sae focal length a1nnisAnenlidantdiaudiamviiniiszee focal length
18 fiadwuns uaziaudfinandeadu 140 fadwns Aslunisyuvesszuuazdawindu (18/18) x (140/18)
Useanad 7.778 Wi uag assinisaneninazlananimeliil

U7 3.3 USAF 1951 990530V 18-140 T1aAIINS

Pnamazuldnmalauiudvedidiudinusey q duieanmsiaudilnaingiien

9

f-number 1NN AUATNRANA DTN ALAITIL I UAD U InINE1

Light i Glass Slide

Reverse Lens

Camera Lens

Camera

JUN 3.4 mMaiiuvesuasanalanidl CMOS sensor

nantasonurtudldiduinuinelalunisiluldauaswiissainuasiidrudulann
NSENUAIUY CMOS MINUATULAUIIEIMNLY Fadun1sily sensor o klifulseansnmasvinnis@ne

AaudRenzvesaudunariiiy auldszuulumimdu 20200 Tadwns
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2. 53U focal length 20-200 fiadluns YiuUssssutananduusn dadentaudiin
ndoaidu Nikon AF-S 70-200 mm /2.8G IF-ED VR Il wazarudlndingilu AF-S NIKKOR 20mm /1.8G

ED Aagldn1sgy 200/20 winfu 10 win nafildenundaguang

U7l 3.5 USAF 1951 99n53UU 20-200 fladuins

v a & P ¢ o Y = ! saa
Gﬂ']ﬂﬂ']Wﬁ]Siﬂﬂ']WVlellLWill LUBNNALAUARNINUIL f-number 1.8 99U1ANILAUENEHA

nN&eandl f-number 2.8 yiliaauit1g CMOS sensor loviaa fagusdall

Glass Slide

Light

Reverse Lens

Camera Lens

Camera
JUM 3.6 JULARINTHRUNINYDIUEINNNTENU CMOS sensor ¥845¥UU 20-200 Hadiins

AIUERYIINISEBNTEUY Laud 20-200 Hadwns Fedln1sgudiaaisves 20 Ay 70
Tadwns 1e1 3.5 i1 wavlnsgugegansyee 20 fu 200 dadwns a1 10 wih gleaingun 3.7 galad
nmsthluneaesiiennadidndenunsiiegindivens nafildeenunaiunsowenidadonliagadaiau

dlegupaatiuszuuidenldinfe 20-200 mm.
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4
2 2

v g e G a
31 10 N

JUT 3.7 wadilinidenunaisy

3.1.1.3 denjUnuuuvasiniliowas ladnsfnwwuunsay wuunsuasdunisldlndes
dualanudilinasitudiaudlig CMOS sensor Aslaiaannisldluuwuunsiu Ingldln 48 LED

microscope kuvenal Wuurasinianasanunsaususeauanuduuaalanuiisdesnis

JUT 3.9 MIneaesfisyey 44.5 Hadluns
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3.1.1.4 yinmsnageumiuniaredunasinianas vinnisuidumisiiaiunsaniegy
gonulitalulagainnisAnussuundeduasiaud sseviidaiian Ao svezifieifiuszesynaaudnga
ndaedia CMOS sensor WiNUTEEEN1AUTEUIU 4.5 WUAAT 21NN1TNARRILARAAIFUN 3.9 JUTLA

sonuntueglutesvarliiaveandes vihliawnsousaiualadldtnau

JU7 3.10 sUwadinidonunsiiniadavens 10 wh N5gee 44.5 dadwns
3.1.1.5 ANUATEEYRRUNTIaINUn IN13nIMuAsEEsYetaUnsalyInLALa 111N
naaeanneUdegafienadeuaudauasidweteresnn tneviinisaeadidanionuwnuaziead

N LNDYIINISNAFBUNNAIVL1YLALANUTAYDINTIN

JUT 3.11 wadidadenuns

[

= o 1 § o = ¢ o 1 aa P = o &
3.1.1.6 EJ@G]']LLWNQ?J?NQ‘Uﬂim mmiamqﬂﬂimmwmawmmuasﬂaaﬂL‘waLmiammﬂu

NABINBAIINAILIN AN kaZAZAINADNITITIIN N1sEadIurUaresgUnsaiiildautulainisly

v
a ]

FudwNNsUTy 3 TRugiglunisdunesalunisieiumigunsalviduasdulaeddudiumg 9 A

=3_
be

3]
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UM 3.14 grusniaudinadng

9

d” 1 dl Y o L 24 dl = 1 5 1 Y o ¥ €Y 1Y
wnanstluenashanulidmiunislidnuienisfinwwing eugrelnhluldussTovdmunisdn

I = O L A Oy agve & - & A ° %
lm’mﬁaﬂ,m NG E]ﬂVNMWiJEJIW@@LLTJaQLu@ﬂW LLaS(ﬂENE)’]\TENfNLﬁ]’]GUENL@ﬂaqiwﬂﬂiﬂwmﬂqﬁuqlﬂiﬂj
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5U7l 3.16 §I1UVU 3-Axis Linear Stage

3.1.1.7 3-Axis Linear Stage +uguivihunintrglunisindeunvesaladlneaziigiud
wlinsalanuasurasnilianasnialidsuy lngdiuves stage duAtuiadu 3 dwmunsindoud
Tngunavadrutufazinamesyiutnilunmsaulimadoun Aaguvanulmdy wi-vds $1e-921 wavdu-

N
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gﬂﬁ 3.17 3-Axis Linear Stage

3.1.1.8 drudutadeu stage 18u DC servo motor @nsaredeudild 12 fadwns 19lu
MK stage idouiily 3 wnu Tagld 1.6 sio 1 unu TneifugunsalifanusBenlunisindeudige
wazfianuialumsindeuiigian 3 dadwnsreiuid dranuianainlunsindeuiitosnin 5
lulasiuns Lﬁammmmﬂ K-Cube Stepper Motor Controller #siifitoeannnililifinasonsideuuds

fegunm

gﬂﬁ 3.18 DC servo motor

3.1.1.9 duAuANAITULATBU DC servo motor K-Cube Stepper Motor Controller
Wudqunvininilunisaiuau DC servo motor Ingsiassaiuranwisuunouiianesuasdaauniy
AOUILADTVIS0AN5AANG kinesis llae 1ag kinesis 1 #1 AIuA DC servo motor 1 #7 titelyiug

avsmnunenidudaszainiu
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gﬂﬁ 3.19 K-Cube Stepper Motor Controller

3.2 N159RNKWUUTaNa3NUYRIlUsHNTUUITUIaNa

denmsUszmnanalngldinaluladtygiussivs (Arificial Intelligent) lunisussanananngs
laus13 (Library) fandndildlunisuszaiadelwnes (Pytorch) dudulavsislunguniniouives
\A39948n3 (Machine Learning) Wazn15i3euIeE AN (Deep Learning) fidvuelausisan fautianeu
warUszananaldisindnddu q msranunsofshdslunisuseananaannnisnae (Graphics Processing
unit w58 GPU) u1ldlaegafivsednsain laonisiaunlusunsudssauianaazaguuniw lnnay
(Python) fidannawn lumeulunisiaulusunsumszatslnveudamiudaluniswauisiniinie
S ufsstuinimun szlasadwesnmulidudennazidnlade aunsathludesenlduinue
\lesnniTlausiisessumsidarumainnans saudslausislunguniseuivonniesdng (Machine
Learning) M3i3oudiTedn wardy 9

TunstildsunsuuszmanaluldiuuuauimesseuuyfiRnig Windows asuiinesiades
fusndufesatiusunsunrvilimeunarlausivuaiesneuiamediu o dou viensdildnis
Uszananauunguiuel (Cloud Computing) neuRamasiaiasiuliandudomslusunsunwilymeunas
laus13an 9 uireuRmesAesansaRnsedumesidnls

3.2.1 Supoumsmauvesldsunsy

%umaumsv‘hmumaﬂﬂiLmsum%mdu‘[a%igagwszﬁwﬁluﬁmmsmﬁﬁ (recognition)

LagN13AANTeY (classification) JUN1MITIaU (negative image) visogunMvaLaaUNd wazFUANTS
U1 (positive image) 3ogUnMveswadfisiaLAnUNG Tengamneiiodansesdladuivaiofosis

< ~ v " ] 4:4
i'ﬂ@LstLLagﬂJﬂfnugﬂ@@\iqq I@IEJﬂ'ﬁﬂiglnaNa‘U@QI‘UiLLﬂigJﬂgLL‘UQL‘Uu 4 YUNDUAD

[
Y

1. duppumMIeELgUA N

ee

2. YUpdUNITaDU (Train)

Qe

3. YUNDUNIIHITIdBU (Validation)

Qe

4. PUADUNITNAFBU (Test)
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doanslilanmaiim

Y ¥

Tvan pretrained Tvaalumaiignll

| () |

aulranwiuldaaed Train, Validation udz Test

|

nszuumsUiudTagdan

Trmmnasinau

Validation

b J

v
Train (3.1.1.2) Validation (3.1.1.3) Tesﬂ (3.1.1.9

-/*\_. |
> <

UNMITHI

JUN 3.20 uNuAMTURBUNTMNUNIEAYelUsINTY

n3UN 3.20 Wialsuldnulusunsuyimsideninanlinaignasuuas (pretrained model) %30
Fenlanlumaievliidunaglulusunsy anduiegulidsuninlvames Train, Validation uag
Test 3nUUANINSIvaasUndIn1YINsUTUUTIgUA NI ULEY F0819n15uUadsuIAfinyeenw

Mt nsanaun (resize) N13ATEU (Crop) N13naunIn (Flip) wagn1sniueuealad (Normalization) s

a

Junszuaunisnaggaeligunasdnlldlulusunsuinmnulndifissiuguiignldlulumaignasuuiuds

Y Y Y

(pretrained model) tUudu 1ntudaasiingluunnisvinudauegivinglddesnisvinululuunla

Y

LAITIAUNITNIIUUDILUTHNTL
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UNN 4 Han15I8

LA309M 339 Pap smear #1858UU Deep Learning Technology Wutlugunsailunistiensia
lsauzisalnnuagnlaenistufinamainalas ThinPrep 91033 liquid -based tiiotundiasizsiuas

Uszaana doslinsnadeuauainsakavaunnvesrunsallugiusineg dwiolull

4.1 n15Usenau Hardware

gunsaldmernusiinihiilunisarenmalad ThinPrep lnsdiutiazeglundesduitetuuas
JUNMUAINABURN NaBliuwInnd1e 40 WUAlLAT 817 60 LUUAWAT Wavad 30uwuRwns Jundaniiile
waaiilu LED-ring F0LUULED 48 viaen awnsaufumnanduvesuadls Ssnmdtanmisanielsazinngg
ueglutas 3.5 - 10 wh uagldndes NIKON D3400 Afvupiwuiesning 235 fafluns uazen 15.6
faduns Wusiunw uarllamaiienliavsuideudlaseanansnideuldlu 3 unufe wwdn wuueu
uazuuns Ingld DC servo motor Tsanunsnindouiild 12 faduing waziemiuaaandouvonis

wasun Uszanm 5 lleswuens Faduaniesnnawililifinanenisideunaiaissuuuins

} - ' 7. )
<iﬂ_.p ‘%It o ll.i_l.l_i::'f'.,‘:jlﬂl ) -

d’ 1 (3 (3 gj 2 = 1 ¥
E‘U‘VI 4.1 Qﬂﬂiﬂﬁi\lﬁ’li\m@ﬂﬁ’ﬁ@LL’J?VI\‘]‘MQJG"IW@\‘]@U’WEJ@G]’]LL‘VIUQLL&’J

wazwwuey e lilddmiuimdeudealadiiiolianunsadglanseunqunsalan duwuidn v

nihidmiumszeglniavesaudinalilissosnamdniign lneaiuau DC servo motor 910 K-Cube
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Brushed DC Servo Motor Controller Kan15MARBIN13aNEAIMANQUNTAINEAMUMaSsuToeua I LaNa
samalull
INNANITNAFBININAD8BNUINUTAMUANTAlUsEAUnTInNeazaIu1saunlUIAT1EA Y

X v vy o~ ¢ & A sala o I ¢ & vy
LU@Q@UIW)’] llL‘Uaall%lﬁﬂ‘ﬁi@L‘ﬁaﬁﬂllLLU')IU?J"\]%LUUL‘Uﬁ@N%L?QI@

sU#t 4.2 awalast ThinPrep 7 3.5 9

‘.l!":llu “aL illl'l"

U7 4.3 awialad ThinPrep 7 10 g3
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4.1.2 mnagaulszansnmvasgunsal
nsnageuUszaninmuesgunsalazldauduszuivvesgunsaldudigneds lnedn
NANUUABVDININ tnensanen ki luyseuianalaeganIsnAIALUaBYeININ
4.1.2.1 wagauanuluszuuluwuiueu
yhmsnaaeulpemenwlussziidadian 1 nn ududoudladlumaing 2 adilae
madeutnevidorn 1 afuluszey 2.3 feduns udwWiulinmiudadan ndudounduundidums
Tumeuusn wdvinisdienainduiiamita 2 smagoumAiauiuae Bawadiaauuasiildain

4

FaNWISHANLDY LUNILANINATNLAIULUADLIN

= &
M19197 4.1 nanmeaeaAudusyuvesgUnsalluluiueu

A =2 9wy ' 3
ﬂ']W‘VI‘IJ’LI‘VIﬂ'lﬂ ATAIULUADINTBNILIT
4.90

ANDI9DY

5.00

AMNVGUVI 2 ASY
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4.34

AINALADUNULIA VAU

MNHANINARDY LiiudiimuasreIn IdsanEURd U TId L ANT AP LUae
founiinoudeuinn uladigunsaiiulildsyuuluuunueu maeifledeundaufunmlitaudadon
ndunmiianuuaeunturilfaunseagliindinindesesgunsallussuvlunuoulussduiiund
wwilnasiensideudlaslumadienionn wdvilinmAnnaivasuszerlnia

4.1.2.2 wagauarmduszuulunuans
vnsnaaeulngiisnnluszesiidhiian 1 o udndeualadiu 2 ass Tasnns
Boutuvdens 1 edulusees 1.5 Sadiuns udwiulinmiudafianantudeundumfisuddunon

LN BAVINISENEATININNTULUININTY 2 UINAFDUNIAIAIULUAD SINAAIAINULUADN bHANTDNKITH

'
1 a o

ANNBY ALVUNYANUINATNIANLLUADUIN DIATAIUUABDINNYINWLITUATILIN FENUIEAIIUINNNEITH
NKANITNABDY AZLAUIIATAIIULVADVDIATNNEINLEDUNS VNS U LRuT A N AR
YouAuLn Feeglusyiunensuld JeasuldhanuBedussiuunnsdinatesundenisiteudlan ¥

yMlsldfinasonisiasussegliiaasnin
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A13797 4.2 Kan1INAaeerUTuIEUI eI UNTallULLIAY

w2 9wy ' 3
ﬂ'lW‘VIU‘LWIﬂ'lﬂ ATAIULUABINTBNILIT
4.90

AND9DY

4.98

ANVTUIU 2 A9

4.85

AMNTLRDUNDULALAUILSN




4.2 pan1snagaauUsEaNsAINvaluswny

4.2.1 uamsnagaunluanivinnAuusiug1gngn

4.2.1.1 NANNINAFIUIUADUNITEDU
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NANISNAABUIUNDUNTEBULLLAA resnet50, resnet101 way resnet152 laaunay

TuLmadinIsneaauTanua 3 ase dnan1snaaswduluniunisned 4.3, @15199 4.4 Lagn15199 4.5

ANUAINU

A151991 4.3 ANTNHANITNARDITUABUNTIIABY LIRS resnet50

TuLaa resnet50
Al 1 pSsil 2 ASil 3
Epoch ANUMAIUEY | A1 Loss | AuWUET | AY Loss | AdnubaugY | A1 Loss
1 61 0.584 63 0.626 61 0.67
2 77 0.53 81 0.583 65 0.623
3 82 0.496 7 0.55 66 0.581
4 84 0.477 76 0.559 74 0.556
5 85 0.475 78 0.496 75 0.517
6 87 0.43 85 0.463 79 0.492
7 88 0.413 83 0.449 78 0.482
8 83 0.397 86 0.456 84 0.468
9 88 0.388 82 0.425 86 0.456
10 88 0.373 86 0.403 79 0.432
11 87 0.403 84 0.394 80 0.418
12 88 0.397 87 0.413 86 0.411
13 87 0.346 87 0.384 86 0.392
14 88 0.341 87 0.382 84 0.421
15 87 0.352 88 0.374 87 0.392
16 88 0.343 87 0.361 86 0.381
17 87 0.335 84 0.355 85 0.369
18 88 0.328 84 0.359 87 0.367
19 87 0.317 85 0.356 87 0.356
20 87 0.32 87 0.344 86 0.377




A151991 4.4 A1THANITNAADIVUABUNITAOY LULAa resnet101

30

laLna resnet101

ASaii 1 ASaii 2 Aeil 3
Epoch ANMLUEY | A1 Loss | AuMAugY | A1 Loss | Adnuddug | A1 Loss
1 73 0.604 62 0.638 71 0.59
2 78 0.552 69 0.581 72 0.55
3 84 0.512 79 0.55 80 0.515
i 81 0.526 75 0.51 80 0.507
5 77 0.476 85 0.497 80 0.496
6 80 0.448 78 0.472 81 0.458
7 87 0.432 86 0.4390 82 0.449
8 86 0.428 84 0.435 82 0.455
9 82 0.418 83 0.432 84 0.418
10 85 0.424 83 0.416 83 0.408
11 85 0.398 86 0.403 82 0.427
12 85 0.427 82 0.424 85 0.383
13 85 0.397 81 0.417 87 0.402
14 83 0.414 85 0.39 85 0.416
15 84 0.409 86 0.387 85 0.385
16 85 0.368 78 0.456 85 0.391
17 85 0.414 82 0.429 85 0.379
18 81 0.434 86 0.364 83 0.403
19 81 0.434 86 0.371 85 0.383
20 82 0.426 83 0.421 82 0.418
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A151991 4.5 ANTNRANISNAADIVUABUNITADY LIRS resnet152

Tuiaa resnet152
ASaii 1 ASaii 2 Aeil 3
Epoch ANULIUEN A1 Loss AULAIUEN A1 Loss AULAIUEN A1 Loss
1 76 0.626 69 0.604 59 0.648
2 69 0.566 70 0.567 61 0.601
3 79 0.526 83 0.543 76 0.553
4 87 0488 80 0.494 78 0.515
5 84 0.469 82 0.464 76 0.487
6 86 0.446 83 0.45 79 0.458
7 87 0.434 82 0.432 85 0.457
8 87 0.417 82 0.421 85 0.435
9 87 0.406 85 0.407 85 0.4
10 85 0.39 84 0.411 87 0.399
11 87 0.389 87 0.39 86 0.385
12 82 0.4 87 0.383 85 0.42
13 86 0.381 86 0.373 86 0.372
14 87 0.365 86 0.366 85 0.367
15 84 0.373 87 0.37 86 0.357
16 84 0.356 87 0.351 86 0.365
17 87 0.347 85 0.347 89 0.338
18 85 0.367 86 0.345 87 0.345
19 84 0.345 87 0.345 90 0.334
20 85 0.353 87 0.344 87 0.326

Mnuansneaeuia 3 lueanuilueaiifinnuuiuglutuneunisaeusndianie Tuiaa
resnet152 Inefiaauudugrinfufosas 90 fidn Loss agil 0.334 lunisneaaeuaiail 3 Epoch 7 19
pAUTEHanTInaesanlaaais 3 luaa aindeyafivanesiuiu Epoch aerlilunadion
ANULNUGAUSDYAY 75 Ya9lutna resnet50, resnet101 wag resnet152 AA1UsEu 8, 16 way 23

Epoch 1ua1AU F9491NN1TNAADULTIAIMUATIUIL Epoch LvINAU 20 Wniuny 3 Tuina wudltuves
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lunaiifaan1391uIu Epoch Tun1siseuiios A1sasdA1Auaug1agn winan15naaeIlsingin

Laa resnet152 fAnAdnuuaiugngadign
4.2.1.2 HANSNAFBUYUADUNITATIVFU
NANTISNAZDUIUNDUNITATIVABULLLAD resnet50, resnet101 ay resnet152 lag

uaazlsnaiinisnaaeunavan 3 A39 nansaasaduluaiunisean 4.6

A15199 4.6 A1 INANITNAADITUNBUNITATIVEBY LULAa resnet50, resnet101 wag resnetl52

Ased 1 ASed 2 K
luiaa AULUUEN A1 Loss | ALMAIUEY | A1 Loss AULIUEY | A1 Loss
resnetb0 88 0.351 88 0.351 88 0.351
resnet101 87 0.432 87 0.432 87 0.432
resnetl152 87 0.488 87 0.488 90 0.334

NNANSNAADUIUTUABUNTNTIRAU NUIILIAENT 3 LAaTIgNLTENNINTIFA0Y

U

oA 1 & Ao v 1 o 1 )
WU’J’]QJﬂWﬂﬂG]ENL‘IJUlUW]iJﬂiQVWI’]ﬂWTVI@ﬁE)U gNA9819N15U L ULAG resnet152 bL“LJ[3\1’]‘L!“U‘L!(3]’e)‘Llﬂ’]ié’i’e)‘Ll

Y

[
v a

ATIN 2 AIAINLLUEININTFAIINATIN 4.6 FaTeas 87 wazildn Loss 1Yy 0.488 31ntukile
SENLULAAMINAININTIFARUNEMAINUITAIAIULLUET LagaT Loss WAL wagtiloiluing
resnet152 LUANUTUABUNITABUASIN 3 A3HAIAULILENNINTGATNNINNTIATIN 2 2INAN91991 4.6 fiD
$ovaz 90 uasdlAn Loss Wiy 0.334 kaziilauiun329a0uNnuINlAIA10wluEY LazAl Loss
wWagulUiuenl

aAuTenanInaaes Tunsunisnsivdeulagaldlunisesisaeulunanignduiinliiie
= = 4 v oA ! o ! [ Ao = N ot
Senduunldauniends Taeuwiugaza Loss tulumuiduiinlumauvseld Fwanismeass

Wuldsuinesnwuuld

4.2.1.3 HANISNAFIUVURDUNISNAFU
NANSNAADUIUADUNISNAABULULAR resnet50, resnet101 wae resnet152 tagwe

azlumalin1sNAaRUTINLA 3 AS9 Han1seae LT ulUAILA1IT197 4.7 B9rN51971 4.15 nnwAldARnIng

v a =

1 a d' Y] a ¢ v = ° & a & av oo I3
N']‘Uﬂ']im@ﬂ']ﬁ‘ﬁ@"ﬂ']ﬂUﬂWEJ']ﬁLLW‘VlEJLLa'J"UQﬂ']Wﬁ']WU‘V] 29 20 ﬂ@ﬂqwL%ﬂa‘U‘Vﬁ@L‘UUﬂWWWINL‘UUNSLiﬂ

WAZANEIAUN 21 D9 60 ABATMTIUINUSOA NI TULZIST M19799 4.7 B9 m15199 4.15 azUsznauly
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meTesunm naansilaantusunsy Tugae 0 s 1 @daudilng 1 watiamduasilunimiday
wazfiav1lng 0 wuann Lz dun1ImTUIN) WAZAMUNLNY ABNITBIUAUNUIBTIIINAILAY
1 I3 a Gl a

INTUNIMBIVINNTBLTIAY

a ] & A
A193719 4.7 A151HANITNAADIVUNDUNITNAFDU IQJWIa resnetb0 AN 1

SUTl HOAWS | A27amInY SUTl HOAWS | A27amInY
1 0.2445 Positive 31 0.190533 Positive
2 0.750567 Negative 32 0.0982 Positive
3 0.711133 Negative 33 0.6549 Negative
a4 0.558133 Negative 34 0.655667 Negative
5 0.750067 Negative 35 0.0527 Positive
6 0.6343 Negative 36 0.2845 Positive
7 0.786367 Negative 37 0.254033 Positive
8 0.5504 Negative 38 0.242067 Positive
9 0.580933 Negative £ 0.220033 Positive
10 0.6244 Negative 40 0.146767 Positive
11 0.713733 Negative 41 0.366867 Positive
12 0.711867 Negative a2 0.3156 Positive
13 0.863133 Negative 43 0.1936 Positive
14 0.815433 Negative a4 0.285733 Positive
15 0.5044 Negative a5 0.4924 Positive
16 0.6005 Negative 46 0.1465 Positive
17 0.777633 Negative ar 0.2933 Positive
18 0.9719 Negative a8 0.0751 Positive
19 0.843667 Negative 49 0.2864 Positive
20 0.951333 Negative 50 0.1297 Positive
21 0.3843 Positive 51 0.1419 Positive
22 0.291767 Positive 52 0.172 Positive
23 0.139367 Positive 53 0.072333 Positive




[V

A15199 4.7 69 A5 HANITNAABIVUNDUNISNAFDU LakAa resnet50 A9

sUTl HOAWS | A27amInY SUil HOAWS | A27amInY
24 0.082167 Positive 54 0.0561 Positive
25 0.113233 Positive 55 0.340767 Positive
26 0.3992 Positive 56 0.1287 Positive
27 0.285833 Positive 57 0.104867 Positive
28 0.7232 Negative 58 0.172533 Positive
29 0.2259 Positive 59 0.146333 Positive
30 0.4398 Positive 60 0.188333 Positive
A997 4.8 M IRANINARDITURBUMINAZEU Laina resnet50 ASai 2
SUTl HAANS AUNLNY Ul HAANS AUNUY
1 0.327433 Positive 31 0.269 Positive
2 0.8168 Negative 39 0.118067 Positive
3 0.7987 Negative 33 0.7047 Negative
4 0.681967 Negative 34 0.705333 Negative
5 0.875467 Negative 35 0.033367 Positive
6 0.774633 Negative 36 0.352967 Positive
7 0.9164 Negative 37 0.283867 Positive
8 0.6639 Negative 38 0.254267 Positive
9 0.726967 Negative 39 0.2923 Positive
10 0.738867 Negative 40 0.1918 Positive
11 0.840833 Negative a1 0.550033 Negative
12 0.8643 Negative a2 0.354367 Positive
13 0.9343 Negative a3 0.173833 Positive
14 0.919933 Negative a4 0.4604 Positive
15 0.570267 Negative a5 0.627833 Negative
16 0.727767 Negative a6 0.168533 Positive
17 0.9189 Negative a7 0.435133 Positive
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A15199 4.8 § A1 HANITNAABIVUNDUNISNAFBU LakAa resnet50 A9

sUTl HOAWS | A27amInY SUil HOAWS | A27amInY
18 0.979267 Negative 48 0.104 Positive
19 0.849633 Negative 49 0.296167 Positive
20 0.957167 Negative 50 0.1601 Positive
21 0.5438 Negative 51 0.1899 Positive
22 0.391733 Positive 52 0.3416 Positive
23 0.1432 Positive 53 0.1407 Positive
24 0.0876 Positive 54 0.099 Positive
25 0.1058 Positive 55 0.370233 Positive
26 0.501733 Negative 56 0.1119 Positive
27 0.395467 Positive 57 0.1351 Positive
28 0.704433 Negative 58 0.1953 Positive
29 0.2604 Positive 59 0.217967 Positive
30 0.637833 Negative 60 0.2996 Positive
AS9T 4.9 AS1HANSINABITURBLNITINEEY TLiAa resnet50 ASad 3
SUTl HOAWS | A77amINY STl HOAWS | A27amunY
1 0.290167 Positive 31 0.2427 Positive
2 0.8168 Negative 32 0.1234 Positive
3 0.7987 Negative 33 0.7156 Negative
4 0.681967 Negative 34 0.717867 Negative
5 0.875467 Negative 35 0.032533 Positive
6 0.774633 Negative 36 0.359133 Positive
7 0.9189 Negative 37 0.283867 Positive
8 0.6696 Negative 38 0.216133 Positive
9 0.726967 Negative 39 0.2315 Positive
10 0.721 Negative 40 0.2132 Positive
11 0.830167 Negative 41 0.5802 Negative
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A15199 4.9 6 A1THANITNAABIVUNDUNISNAFBU LkAa resnet50 A9

[V

sUTl HOAWS | A27amInY SUil HOAWS | A27amInY
12 0.8471 Negative a2 0.354367 Positive
13 0.885967 Negative 43 0.173833 Positive
14 0.919933 Negative a4q 0.3804 Positive
15 0.575633 Negative a5 0.572867 Negative
16 0.744533 Negative a6 0.151567 Positive
17 0.858433 Negative ar 0.467767 Positive
18 0.977233 Negative 48 0.114867 Positive
19 0.8365 Negative a9 0.296167 Positive
20 0.957167 Negative 50 0.1595 Positive
21 0.5438 Negative 5,1 0.192733 Positive
22 0.412467 Positive 52 0.276 Positive
23 0.1197 Positive 53 0.146967 Positive
24 0.081267 Positive 54 0.107 Positive
25 0.1058 Positive 55 0.370233 Positive
26 0.501733 Negative 56 0.1119 Positive
27 0.385933 Positive 57 0.1452 Positive
28 0.704433 Negative 58 0.1836 Positive
29 0.2168 Positive 59 0.217967 Positive
30 0.637833 Negative 60 0.2688 Positive
A1979ft 4.10 snsamanIsneaesduseunIAdey Tulea resnet101 afii 1
SUTl HAAWS | A27amng SUTl HAAWS | A27amng
1 0.581833 Negative 31 0.2835 Positive
2 0.699933 Negative 32 0.1841 Positive
3 0.4086 Positive 33 0.413733 Positive
4 0.499367 Positive 34 0.436733 Positive
5 0.689133 Negative 35 0.1374 Positive
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A157197 4.10 fd MITNKANITNAABITUABUNITNAGDU LilAEa resnet101 ASIN 1

=p

U WAaWS | A21umaNeg Uil WAaWS | A21umaNg
6 0.457333 Positive 36 0.4543 Positive
7 0.657867 Negative 37 0.1819 Positive
8 0.596033 Negative 38 0.3501 Positive
9 0.501067 Negative 39 0.4181 Positive
10 0.632367 Negative 40 0.119967 Positive
11 0.695033 Negative 41 0.4141 Positive
12 0.632467 Negative 42 0.537967 Negative
13 0.741467 Negative a3 0.295233 Positive
14 0.6715 Negative a4 0.315633 Positive
15 0.437933 Positive 45 0.367567 Positive
16 0.553267 Negative 46 0.2272 Positive
17 0.589 Negative av 0.395767 Positive
18 0.929067 Negative 48 0.2759 Positive
19 0.7212 Negative 49 0.323933 Positive

20 0.636333 Negative 50 0.1187 Positive
21 0.4338 Positive 51 0.213267 Positive
22 0.3903 Positive 52 0.224067 Positive
23 0.1012 Positive 53 0.2497 Positive
24 0.193167 Positive 54 0.2064 Positive
25 0.287267 Positive 55 0.249167 Positive
26 0.460967 Positive 56 0.189467 Positive
27 0.2488 Positive 57 0.1008 Positive
28 0.511467 Negative 58 0.263667 Positive
29 0.2387 Positive 59 0.225867 Positive
30 0.4669 Positive 60 0.211667 Positive
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A15°97 4.11 AITNRANTNAFDITURDUNITNAFDU LULlAa resnet101 ASIA 2

=p

U WAaWS | A21umaNeg Uil WAaWS | A21umaNg
1 0.6767 Negative 31 0.2324 Positive
2 0.700867 Negative 32 0.1999 Positive
3 0.4099 Positive 33 0.439767 Positive
a4 0.499367 Positive 34 0.408267 Positive
5 0.679467 Negative 35 0.1638 Positive
6 0.431867 Positive 36 0.4147 Positive
7 0.705133 Negative 37 0.198067 Positive
8 0.620867 Negative 38 0.4141 Positive
9 0.501067 Negative 39 0.365367 Positive
10 0.6927 Negative 40 0.1197 Positive
11 0.695033 Negative 41 0.343033 Positive
12 0.637533 Negative 42 0.4943 Positive
13 0.741467 Negative 43 0.2286 Positive
14 0.6336 Negative 44 0.3375 Positive
15 0.4534 Positive 45 0.357033 Positive
16 0.474 Positive a6 0.2621 Positive
17 0.5735 Negative a7 0.394333 Positive
18 0.929067 Negative a8 0.2759 Positive
19 0.7182 Negative a9 0.329467 Positive

20 0.8372 Negative 50 0.125133 Positive
21 0.3856 Positive 51 0.205333 Positive
22 0.3609 Positive 52 0.218633 Positive
23 0.1058 Positive 53 0.2458 Positive
24 0.1649 Positive 54 0.2092 Positive
25 0.306733 Positive 55 0.240133 Positive
26 0.4732 Positive 56 0.1884 Positive
27 0.2488 Positive 57 0.154167 Positive
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A15199 4.11 fB ANSHANISVNAABITUABDUNITNAZBU LlkAA resnet101 ATIN 2

sUTl HOAWS | A27amInY SUil HOAWS | A27amInY
28 0.449 Positive 58 0.291733 Positive
29 0.2387 Positive 59 0.219133 Positive
30 0.4669 Positive 60 0.2552 Positive
M7 4.12 AsRaNIARBIT UL IMAdeU Tuna resnet101 adait 3
SUTl WAaWS | A27umaNeg Ul WAdWS | A27umaNeg
1 0.581833 Negative 31 0.1813 Positive
2 0.7018 Negative 32 0.1999 Positive
3 0.409033 Positive 33 0.439767 Positive
4 0.499367 Positive 34 0.436733 Positive
5 0.689133 Negative 35 0.1374 Positive
6 0.457333 Positive 36 0.3949 Positive
7 0.705133 Negative -3, 0.198067 Positive
8 0.596033 Negative 38 0.3821 Positive
9 0.425 Positive 39 0.391733 Positive
10 0.5117 Negative 40 0.120233 Positive
11 0.712967 Negative 41 0.343033 Positive
12 0.6426 Negative a2 0.5598 Negative
13 0.711733 Negative 43 0.361867 Positive
14 0.6336 Negative a4 0.326567 Positive
15 0.437933 Positive 45 0.357033 Positive
16 0.553267 Negative 46 0.2621 Positive
17 0.589 Negative ar 0.394333 Positive
18 0.933733 Negative a8 0.3323 Positive
19 0.7212 Negative 49 0.335 Positive
20 0.736767 Negative 50 0.131567 Positive
21 0.4097 Positive 51 0.205333 Positive
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A15199 4.12 fiB ANSHANISVNABITUABDUNITNAZBU LlkAa resnet101 ASIN 3

sUTl HOAWS | A27amInY SUil HOAWS | A27amInY
22 0.3609 Positive 52 0.2132 Positive
23 0.1012 Positive 53 0.2497 Positive
24 0.179033 Positive 54 0.2064 Positive
25 0.3262 Positive 55 0.2582 Positive
26 0.460967 Positive 56 0.1884 Positive
27 0.2422 Positive 57 0.207533 Positive
28 0.480233 Positive 58 0.263667 Positive
29 0.248133 Positive 59 0.225867 Positive
30 0.5047 Negative 60 0.2552 Positive
A997 4.13 1S IRaNINARDTUREuMINAEeU Lina resnet152 pdsil 1
SUTl HOAWS | A373muIY Ul HAWS | A27amunY
1 0.4587 Positive 31 0.286733 Positive
2 0.573533 Negative 32 0.226267 Positive
3 0.5507 Negative 33 0.528667 Negative
4 0.3208 Positive 34 0.5183 Negative
5 0.555533 Negative 35 0.1845 Positive
6 0.526633 Negative 36 0.582933 Negative
7 0.557167 Negative 37 0.354367 Positive
8 0.541233 Negative 38 0.354433 Positive
9 0.4126 Positive 39 0.386567 Positive
10 0.6068 Negative a0 0.271367 Positive
11 0.5551 Negative 41 0.4288 Positive
12 0.6109 Negative a2 0.461133 Positive
13 0.612167 Negative a3 0.401 Positive
14 0.8369 Negative 44 0.465667 Positive
15 0.2965 Positive 45 0.2738 Positive
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A15199 4.13 fB ANSMHANISVAABITUNBUNITNAFBU LlAA resnet152 ASIN 1

sUTl HOAWS | A27amInY SUil HOAWS | A27amInY
16 0.5065 Negative a6 0.3798 Positive
17 0.653767 Negative ar 0.5496 Negative
18 0.880767 Negative a8 0.294833 Positive
19 0.8072 Negative a9 0.379367 Positive
20 0.847933 Negative 50 0.223933 Positive
21 0.570067 Negative 51 0.3067 Positive
22 0.369467 Positive 52 0.3162 Positive
23 0.1832 Positive 55 0.3684 Positive
24 0.2385 Positive 54 0.2304 Positive
25 0.218967 Positive 55 0.313667 Positive
26 0.343933 Positive 56 0.3535 Positive
27 0.256267 Positive 57 0.2419 Positive
28 0.461267 Positive 58 0.448233 Positive
29 0.286 Positive 59 0.424467 Positive
30 0.549133 Negative 60 0.3835 Positive
A9 4.14 msrsHamInnaesTuReunadey luna resnetl52 aSad 2
SUTl HEAWS | A21amng Sl HAAWS | A273mMnY
1 0.4294 Positive % 0.283167 Positive
2 0.573533 Negative 32 0.166 Positive
3 0.5507 Negative 33 0.528667 Negative
4 0.3174 Positive 34 0.519967 Negative
5 0.547367 Negative 35 0.2008 Positive
6 0.512167 Negative 36 0.534867 Negative
7 0.552933 Negative 37 0.3781 Positive
8 0.5329 Negative 38 0.354433 Positive
9 0.473267 Positive 39 0.386567 Positive
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A15199 4.14 69 A5 HANISNAABITUNDUNISNAZBU LLAa resnet152 ASIN 2

sUTl HOAWS | A27amInY SUil HOAWS | A27amInY
10 0.6074 Negative 40 0.271367 Positive
11 0.5623 Negative 41 0.384367 Positive
12 0.5863 Negative a2 0.421067 Positive
13 0.589333 Negative 43 0.4032 Positive
14 0.831033 Negative a4 0.465667 Positive
15 0.343767 Positive a5 0.3821 Positive
16 0.559367 Negative 46 0.3798 Positive
17 0.653767 Negative ar 0.5552 Negative
18 0.8865 Negative a8 0.2957 Positive
19 0.7863 Negative 49 0.379367 Positive
20 0.8336 Negative 50 0.207167 Positive
21 0.534 Negative 51 0.2285 Positive
22 0.369467 Positive 52 0.3065 Positive
23 0.26 Positive 53 0.3671 Positive
24 0.251 Positive 54 0.2304 Positive
25 0.210833 Positive 55 0.322233 Positive
26 0.343933 Positive 56 0.3395 Positive
27 0.274 Positive 57 0.2419 Positive
28 0.4974 Positive 58 0.462167 Positive
29 0.277267 Positive 59 0.424467 Positive
30 0.549133 Negative 60 0.3936 Positive
A997 4.15 M eRaNINRaDsTUnBuMINAFeU luiaa resnet152 adet 3
SUTl HOAWS | A213mInY SUTl HOAWS | A27amInY
1 0.372367 Positive 31 0.126167 Positive
2 0.892533 Negative 32 0.029267 Positive
3 0.357 Positive 33 0.4766 Positive
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A15197 4.15 fi9 MITNRANITNAABITUABUNITNAGBY LilAa resnet152 ASIN 3

=D

U HOAWS | A27amInY SUil HOAWS | A27amInY
a4 0.1749 Positive 34 0.521167 Negative
5 0.819133 Negative 35 0.0342 Positive
6 0.740667 Negative 36 0.481867 Positive
7 0.7573 Negative 37 0.198833 Positive
8 0.7 Negative 38 0.142167 Positive
9 0.527 Negative 39 0.261633 Positive
10 0.647567 Negative 40 0.0732 Positive
11 0.625533 Negative a1 0.2334 Positive
12 0.6592 Negative a2 0.2217 Positive
13 0.5452 Negative 43 0.169067 Positive
14 0.911667 Negative 44 0.319233 Positive
15 0.1516 Positive 45 0.2178 Positive
16 0.673467 Negative 46 0.2001 Positive
17 0.834733 Negative a7 0.637333 Negative
18 0.9702 Negative 48 0.172767 Positive
19 0.897033 Negative 49 0.337333 Positive

20 0.970067 Negative 50 0.0376 Positive
21 0.5869 Negative 51 0.1238 Positive
22 0.248 Positive 52 0.261867 Positive
23 0.02 Positive 53 0.0686 Positive
24 0.038267 Positive 54 0.054333 Positive
25 0.084533 Positive 55 0.134667 Positive
26 0.4876 Positive 56 0.0645 Positive
27 0.0935 Positive 57 0.0882 Positive
28 0.322167 Positive 58 0.4158 Positive
29 0.050133 Positive 59 0.2983 Positive
30 0.477233 Positive 60 0.367767 Positive
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A1519% 4.16 aseTuTinea TP, FP, TN waz FN 20991 3 laiaa

N1SNAFdU
Tuna Y 4 TP FP TN FN
ATIN
1 37 1 19 3
2 32 1 19 8
resnet50
3 32 1 19 8
33U 101 3 57 19
1 38 4 16 2
2 40 5 15 0
resnetl01
3 38 5 15 2
334 116 14 46 a
1 34 4 16 6
2 34 4 16 6
resnetl152
3 37 4 16 3
74 105 12 48 15

INKANISNAFDUAISIN 4.7 DIRN5199 4.15 F99laNanianis1en 4.16

20NU1 F992ARINNS1N 4.16

A15199 4.17 A1519AAMNULLUET AUl kAaZAINI MWL YB3 laLaa

JEVER AUKIIUE (%) A3l (%) AMUINNIE (%)
resnet50 88 84 95
resnet101 90 97 1
resnet152 85 88 80
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nUuIYinsiAual True positive, False positive, True negative kay False negative

1NAN519T 4.16 MnIsAUIAIANLLILET A0l wazA e Tuwsazluwma
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919197 4.17 wuilneafiiauusiuganniigadeluea resnet101 Gaaauiiugl
wiriudesay 90 Tumafiimnlniigadeling resnet101 Ssfimnulavinfuiesas 97 uazlumadiil
A nzInTignAeluag resnet50 dinnudumzintuiesay 95

oAUTERaNIIRAestumBUNIVIAFEy WuiluaafiHuduneumsaouiiaauusiug)

=

WINTgn Avluea resnet152 urludunaunisnaaeuluna resnet152 nauiauudugtasiian Tunig

q

pssfudnalanng resnet101 dauuslug lusunounsaoutiosiian ndudanuusdugunniigasii
Sovay 90 wazannnindulinmg resnet101 Sefimalandigauintuiosas 97 3nde Femneniad
Luiaa resnet101 anunsausnuezgunmileuinuazidsau tnedidnsiaugnees 9 lu 10 3U wazilu
TumaidesiunauinUasy (False positive) 1 iflasanniinrilags wagnudnluna resnets0 ihiluna
Afleanudunzanniigawiniuesas 95 Favaneanaiiluiea resnets0 Luliaaiidesiunaaulasy
(False negative) I 1ipsarndm udumyags

KamsAae UiunsuNAdeuinamsnaaetlidulunafsiu esnauuig
folunaiianuudugrlutunaunisaonunniian rswdulinadiidieuuaugt auliuas
arwdumnzanfigaludunsunsnagoy 019z dumarslutumeunsuiusesuninluusazadsivi

n1svegeu Lunsnszyiuuvdnvedanesiues Feeraduiadefivilmifanaiiuandseenlian
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unil 5 agunan1sITeuazdaiauauuy

PINNTITEUsTneUlUMmeduveseanifuarlusunsy nansVnaeIvetesawIsTioanLuLLile
THluntsaneifugualaduzifsuinuagniiléainisnig Liquid-based Pap smear finanuanansalunig
fenwdifinsguiiesigado 3.5x fveulwansueafiudnuazianani IWusugudnans 6.22 Tadiums
ydofifiufiuszana 30.40 mansdiadiuns uasdauanuise lunsdienmiifinnsguuiniigaie 10x 3
yauamsteuiudnyardmasuivuin 2.50 x 1.67 fiaawns vieilituiiuszana 4.20 ms1efiadiuns
awmavesgUnsnianansairdeuiiitemeiiualas Tnefvunelvigian 1.45 Wufuns x 1.37 Wufung wa
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FunouMsATITae LartuRsUnITAdeY Mnmsvaasuilalinatignasuudaly NuSuneunTdeL
LaTTUnOUNNINTIABULET WUTILLLAA resnet50, resnetl01 Wag resnet152 fAranuusiug1Sosas
88, 87 waz 90 Fawuinluiea resnet152 uluiaaid auntiugiundige wiiletlunaignasuudy
TUrutuneunsaaey 9ntussl433nsn1saii Ae Binary Classification 91ntuI s amIAIAIY
uwsiug (Accuracy), Amaula (Sensitivity) LarAIAILUTUNIE (Specificity) Wualuna resnet50 diA
Fouaz 88, 84 uaz 95 AIUA1IAU luLAa resnet101 dA1508aY 90, 97 Ay 77 ANaIAU Lazlung
resnet152 A1 $ouay 85, 87 waw 80 MuaIRU Jauiiluaa resnet101 Wuliwnaiifinnuulug way
fianaulanniiagn uliiaa resnet50 lulimaiitidiausamizaniign
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Automated Paptest Diagnosis with Artifical Neural
Network

Manatchakorn Dumripatanachod
Departments of Biomedical and Electronics
Faculty of Engineering King Mongkut’s Institute of
Technology Ladkrabang Bangkok, Thailand, 10520
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Abstract— We propose a method to automate high-resolution
Pap smear imaging data diagnosis by employing the Artificial
Neural Network (ANN) learning algorithm via a server-client
system model using the Internet of Things (IoT). The algorithm
enables a new method of imaging classification with high
accuracy. We utilized 917 high-resolution Pap smear images as
inputs feeding into our processing system. The method achieves a
root mean square error of 0.8834 and correlation coefficient of
0.6643.

Keywords—ANN; Pap
artificial intelligence

smear; high-resolution imaging;

1. INTRODUCTION

Cervical cancer is the third most commonly diagnosed cancer
and the fourth leading cause of cancer death in females
worldwide, accounting for 9% of the total new cancers cases
and 8% of the total cancer deaths among females. Over 85 of
these cases and deaths occur in developing countries [1].
However, the death rate has gone down over last 30 years due
to early detection [1]. A regular checkup for cervical cancer is
crucial in prevention of cervical cancer resulting in a growing
number of the patients who have been screened. Therefore, the
cervical cancer screening procedures not only need to be fast
and repeatable but also provide high accuracy results. One of
the the most common screening methods to detect potentially
pre-cancerous and cancerous processes in the cervix is called a
Papanicolaou (Pap) test or Pap smear. The Pap test, when
combined with a regular program of screening and appropriate
follow-up, can reduce cervical cancer deaths by up to 80% [2].
In a Pap test, a doctor or a nurse takes a scraping from the
cervix, which is then sent to a laboratory to be scanned by a
gynecologist whose number is very limited in many poor
countries including Thailand. Moreover, the results can take
weeks to arrive. In Thailand, it was estimated that the ratio
was one gynecologist for 15,000 women [3]. Therefore, to
elevate standard of care in cervical cancer screening
technology, a streamlined diagnosis from Pap tests have to be
dramatically improved. In this work, we propose a system that
centralizes the Pap smear cell data with a smart Artificial
Neural Network (ANN). In Pap smear reading, due to human
errors in exhaustive jobs like pattern classification and feature
extraction of cervical cancerous cells, machine vision
technology that comes with smart ANN has come into play to

Wibool Piyawattanametha
Departments of Biomedical and Electronics
Faculty of Engineering King Mongkut’s Institute of
Technology Ladkrabang Bangkok, Thailand, 10520
Email: wibool@gmail.com

enhance accuracy. The technology can automate such of those
routine jobs, get rid of human errors, and improves accuracy
and speed. In combination with the Internet of Things (IoT)
which is a smart technology enabling network of physical
objects. In medical device application, the IoT technology can
help these medical device nodes communicate with one
another. These devices can share its data via internet and
process the data with higher computation resources on the
cloud. The system consists of an ANN server and embedded
portable high-resolution microscopes (PHRM). Each PHRM
will send filtered images to the ANN server. Then, the server
process those imaging data and return results to each PHRM
in mere seconds. The system can help both save cost and
illuminate an issue of professional Pap smear readers lacking
in limited resource settings. The system will return almost
instantaneous Pap smear reading results to stakeholders
without having to wait for diagnosis results for weeks which
will drastically improve patient’s treatment outcomes.

II. METHOD

A. Pap smear cells data

The Pap smear cells in this research were obtained from a
benchmark database by Jentzen et al. [4]. The Pap smear data
were from the Herlev University Hospital, Denmark and
divided the data into 7 classes. The cells in a class was
classified by skilled technicians and doctor. They were
extracted 20 features from the cells in each class by using a
commercial software named CHAMP (Dimac). These features
are very important for training the ANN. So if a cell image has
some features which is not consistent with the class
specification. It will be removed from the database to ensure
that the database has only correct features in every class. For
some cell images which the software cannot extract, the
features were extracted by a doctor manually.

B. Simulation tools

We simulate the system by using WEKA machine learning
workbench and Docker platform [5]. There are only 2
components which we have to simulate, medical device and
cloud server. For the medical device simulator, we use
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Figure 1: Conceptualized of a cervical diagnosis system with two cloud
servers (a laptop with Linux operating system) and clients (Raspberry Pi 2)
which have IoT interface for the communication. The clients request Pap test
classification data by sending testing data to the cloud server and get classified
results back from the server via internet.

Raspberry pi 2 with Raspbian operating system. The device
has 84 sample testing data and it will send to the server for
diagnosis the cell images and then it will be notified by the
server for the classification results. For could server, we used
Docker platform for testing and installed WEKA workbench
on it. The system evaluation procedures are:

1) Preparing data: random sampling 12 images per class from
the database to be the evaluation images (testing images), 84
images for 7 classes. The testing images will be divided into
two groups, 42 images for a group. Each group will be
downloaded to the Raspberry Pi. The left Pap smear data in
the database, 834 Pap smear imaging data, are used for
training the ANN algorithm running on the cloud server.

2) Setup the components: on the server side, we installed
Docker toolbox version 1.11.0 on a Debian Jessie 8.4
operating system. As the container management system of the
Docker platform, we can control the version of the operating
system image which we used, Debian Jessie 8.4 image. And
then, we install WEKA 3.8.0 on the Debian image. ANN
algorithm in the WEKA was set and trained with the 834
images which derived from previous step. After data training
by back-propagation learning in ANN, a computing model is
derived to be used for data classification. For the clients, two
Raspberry Pi 2 were employed. The Raspberry Pi was
installed with Raspbian operating system. The 42 testing
images were uploaded to each Raspberry Pi and installed IoT
client interface on the system. A custom-made loT interface is
a program which we have developed to manage the data
communication between the cloud server and the clients was
developed in C programming language which can also be run
on Linux OS.

3) Request the classification from the cloud server: send
testing image data from the Raspberry Pi via the IoT interface.
After sending the testing image data, the cloud server
responded with classified data to the clients and saved the data
to its storage.

4) Verify the results: compare the classified results which are

received from the cloud server and the reference database. The
root mean squared is used error calculation to indicate the
accuracy of the classification. Block diagram showing
conceptualized cervical diagnosis system is shown in Figure 1.

III. RESULTS

After the implementation of the ANN algorithm with WEKA
workbench. The correct classification of Pap smear image is
up to 99.11% by utilizing 834 images from the benchmark
database from 918 images for training, 84 images for
evaluation. From utilizing ANN for the learning algorithm,
there is only 0.8834 of root mean squared error. That means
the ANN learning model is able to classifies and gives high
consistent results with data correlation (cell to cell) coefficient
0f 0.6643 as shown in Table 1.

TABLE L.
Summary
Correlation cofficient 0.6643
Root mean squared error 0.8834
Total number of instances 84

IV. CONCLUSION

The benefits of our ANN and IoT system for Pap test
diagnosis are as follows:
e  Behaving as smart remote Pap test diagnosis clinics
via [oT
e Scaling up to handle expansion of ANN learning
algorithm
e  Centralizing database providing enormous data for
learning and reducing the classification error
e Saving cost and time by providing a faster way to get
diagnosis results from experts.
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Abstract: This work presents a comparative study of au-
tomated screening procedure for Pap smear with deep
learning technology. Three convolution neural network
models (AlexNet, densenetl61 and resnetl01) were em-
ployed for detecting the presence of cervical precancerous
or cancerous cells from Pap smear database. The study
compares accuracy, sensitivity, specificity, and computation
time for each deep learning model. The best model is the
densenet161 due to its high sensitivity and accuracy which
are key factors in an automated Pap smear screening pro-
cedure to offer the best early detection of cervical cancer to
better treatment outcomes.

KEYWORDS: Pap smear, cervical cancer, Deep learning,
AlexNet, densenetl161, resnet101

INTRODUCTION

Cervical cancer is the cells of the cervix grow
abnormally and invade other tissues and organs of the body.
This cancer affects the deeper tissues of the cervix and may
have spread to other parts of the body. However, cervical cancer
is slow-growing, so its progression through precancerous
changes provides opportunities for prevention, early detection,
and treatment.

The mainstay of cervical cancer screening for the last
60+ years has been the Papanicolaou test. The Papanicolaou
test, also known as the Pap test or the Pap smear [1], was
developed in the 1940s by Georgios Papanikolaou. It involves
exfoliating cells from the transformation zone of the cervix to
enable examination of these cells microscopically for detection
of cancerous or precancerous lesions. In the technique known
as liquid-based cytology, these collected cells are released into
a vial of liquid preservative that is then used in the cytology lab
to produce a slide for microscopic evaluation of the cells. The
older, traditional Pap technique involves direct transfer of the
cervical cells to a microscope slide for evaluation. Although the
traditional method may introduce confounders such as blood
and other debris to the slide, which may make interpretation
more difficult, both conventional cytology and liquid-based
cytology have been shown to have similar sensitivity and

specificity for moderate dysplasia or worse lesions. As a result,
this technique has been widely accepted and used to screen
cervical cancer in developed countries.

However, the Pap smear screening does not work well
in developing countries where there are more than 80% of all
cervical cancer patients, including Thailand [2-3]. The main
causes are lack of both effective screening programs and well
trained pathologists to help interpret the Pap smear imaging
data.

Therefore, the goal of our research is to develop an
automated software based on a deep learning (DL) technique
that can early detect an abnormal cervical cell developing to
cancer if left untreated. By detecting cervical cancer early with
a Pap smear screening technique provides a greater chance of
survival.

DEEP LEARNING

The aim of the research is to utilize the DL technology
to create an artificial intelligent (AI) in the form of a well-
trained pathologist. In this comparison process, we utilized 3
convolutional neural network (CNN) models which is class of
deep, feed-forward artificial neural networks, most commonly
applied to analyze visual imagery. Those CNN models are
AlexNet, densenet161 and resnet101. CNNS use a variation of
multilayer perceptrons  designed to require minimal
preprocessing suitable for future integration of the model into a
home-made whole slide imager (WSI) in the future.

The main library used in the process is the Pytorch. It
contains a full machine learning functionality such as loading
images, random loading images, geometric transformation,
accuracy and loss value calculation (including backward
learning back propagation), and adjustment optimizer that are
related to a learning rate of DL. We have taught the DL to learn
both normal cell and abnormal cell Pap smear images from a
public database to get the system familiar with the Pap smear
dataset.

The AlexNet was developed by Alex Krizhevsky et al.
[4] in 2012 to compete in the ImageNet competition. One of



the first deep networks to push ImageNet Classification
accuracy by a significant achievement in comparison to
traditional methodologies. It is composed of 5 convolutional
1ayers followed by 3 fully connected layers, as depicted in Fig.

Max Max

s pooling pooling

Figure 1: The AlexNet architecture [5].

The DenseNet[5] is composed of dense blocks which
connects each layer to every other layer. Each layer receives in
input all previous layers output feature maps. There is a
connection between two layers in each dense block. The input
is the union of the outputs from all previous layers, as depicted
in Fig. 2.
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Figure 2: The DenseNet architecture.

Dense Block 2

6-0\%-: 2

UOIN|OAUOD)

Convolution

ResNet[6] is divided into blocks composed of 2 or 3
convolution layers. At the end of block, its input is added to the
layer output. Sum of an identity mapping with a residual
mapping have proven effective at overcoming the vanishing
gradient phenomenon during the back-propagation phase and
allows to train very deep networks, as depicted in Fig. 3.

X
Y
Weight layer |
X
relu
F(x) 1 identity
Weight layer

Flx)+x

1re|u

Figure 3. The ResNet architecture.

DATABASE

The Pap smear picture data comes from the DTU/Herlev
[7] Pap Smear Databases. The Pap smear database consists of
917 samples distributed unequally on 7 different classes. The
data class is a number describing cell type. The Pap smear data
set is extracted from sample tissues, taken from the uterine
cervix as a part of the smear screening. The purpose of smear
screening is to diagnose premalignant cell changes before they
progress to cancer. The database consists of 917 images
separate 2 sets such as normal cell (245 images) and abnormal
cell (675 image).

The normal cell distributed unequally on 3 different classes
as listed below:

Figure 4: Normal cell consists of 3 classes [8]:

a. Columnar
b. Intermediate squamous
c. Superficial squamous.

e  Columnar: columnar epithelial cells measure about
180 um? and have a cytoplasm that is capnophilic and
translucent or vacuolated. The nuclei are round to oval,
often very eccentrically placed and measure about 50
um?. They are vesicular with finely distributed
chromatin, and stain darker blue than the cytoplasm as
illustrated in Fig. 4(a).

e Intermediate squamous: Intermediate squamous cells
are large (800-1200 um?) polygonal (with many
straight sides) cells with a centrally located vesicular
nucleus measuring about 35um?. The sizes of the cells
vary depending on their location in the epithelium,
whereas the size of the nucleus is rather constant. The
cytoplasm is light blue/blue-green in an optimally
stained PAP-smear as illustrated in Fig. 4(b).

e  Superficial squamous: Superficial squamous cells are
large (c. 1600 um?) polygonal cells with a centrally
located small, round, opaque (pyknotic) nucleus
measuring about 20 um?. The cytoplasm is rather
bright, sharply demarcated and stains red (eosinophilia
or acidophilia) in an optimally prepared PAP smear.



The superficial cells are dying cells, undergoing
degeneration, hence the pyknotic nuclei as illustrated
in Fig. 4(c).

The abnormal cell distributed unequally on 4 different classes
as listed below:

() (d)

Figure 5: Abnormal cell consists of 4 classes [8]:

a. Carcinoma in situ
b. Mild dysplasia

c. Moderate dysplasia
d. Severe dysplasia.

e Carcinoma in situ: Carcinoma in situ has an enlarged
nucleus, about 3-5 times the normal nuclei and is
round or oval. Hyperchromasia is more distinct than
with the dysplasia. The chromatin pattern is irregularly
coarsely granular compared to the dysplasia and the
nucleus cytoplasm ratio is so big, that the nuclei fill the
cell. The cell size is in between 95 — 450 um?, and has
round or oval shape. The cytoplasm is sparse and
basophilic (blue) as illustrated in Fig. 5(a).

e Mild dysplasia: The cells are huge about 1000-1500
um? and polygonal, and only a few round or oval. The
cytoplasm is mostly basophilic and eosinophilic in the
other cases. The cytoplasm is light, generous and see-
through. The nuclei/cytoplasm ratio is low around
14%. The nucleus is rather big, around 175 um? in
average and round or oval. There are no
hyperchromasia and the chromatin is finely regular
and granular as illustrated in Fig. 5(b).

e Moderate dysplasia: The cell is 300-700 um? and
round or oval with a basophilic cytoplasm. The
nucleus is about 150 um? and is either round or oval,
with a moderate hyperchromasia. The chromatin is
coarsely and regular as illustrated in Fig. 5(c).

e  Severe dysplasia: The average cell is 190 um? and the
cytoplasm’s shape is oval, granular and mostly

basophilic (blue) with blurry borders. The nuclei are
enlarged to around 80 um? and oval or round as
illustrated in Fig. 5(d).

ARTIFICIAL INTELLIGENCE

In our experiments, the workflow is divided into 3 steps:
training, validation, and testing. Therefore, images have been
sectioned into 3 groups namely 70% for training, 20% for
validation, and 10% for testing. The main library used in the
process is the Pytorch. It contains a full machine learning
functionality such as loading images, random loading images,
geometric transformation, accuracy and loss value calculation
including backward learning such as back propagation and
adjusted optimizer relating to the Al learning rate. We have
taught Al to learn both normal and abnormal cell images. The

number of epochs equals to 20 epochs. The computation system

specifications used in our experiments are:

CPU: Intel® Core™ i7 6700HQ 2.60 GHz
RAM: DDR4 SDRAM 8 GB

GPU: NVIDIA® GeForce® GTX 960M
OS: Ubuntu 18.04.1

Python version: 3.6.6

Pytorch version: 0.4.1

Cuda version: 10.0.130

Nvidia Driver version: 410.66.

The training results are listed in Table 1.

TABLE 1. Results of training models.

Trainin Trainin

Mode Accuracy Eg%) Time i
AlexNet 88.95 4 m 49s
ResNet101 90.61 26 m 5s
Densenet161 92.82 31 mOs

For the prediction model, the results will be displayed in a
range of 0-1. If the value is near to 1, it means that the image is
classified as normal. On the contrary, if the value is near to 0 or
has a 0 value, that image is classified as abnormal. Then, we
used the Binary Classification tool [9] that tasks in health care
management could be diagnosis of medical testing to determine
if a patient has certain disease or not to collect the true positive,
false positive, true negative and false negative. After that we
calculate the accuracy, sensitivity and specificity by an equation
of Binary Classification tool. The results are listed in the Table
2

TABLE 2. Results of prediction.

Model Accuracy Sensitivity Specificity
(%) (%) (%)
AlexNet 93.26 96.97 73.91
ResNet101 91.01 98.48 65.56
Densenetl161 94.38 100 78.26




CONCLUSIONS

The aim of this comparative study is to compare the
performance of three CNN models for Pap smear screening.
During training all CNN models, we used a GPU support
computation in order to lessen computation time. The AlexNet
model is the fastest training model (4 m 49s) but accuracy
(88.95%) is the worst of three models. While, the densenet161
model provides the best accuracy (92.82%) with the most
computation time (31 m 0s). For the accuracy of Pap smear
prediction, all of three CNN models have achieved very high
sensitivity with low to moderate specificity. If we were to
implement the DL model into the WSI, the balance between the
high sensitivity and high specificity will be the key feature in
enabling early detection of cervical cancer. Therefore, we
should to use the Densenetl61 model in our implementation
into our WSI.
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Whole slide imaging based on a low-cost camera
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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-WSI is
capable of performing the whole slide scanning (2 cm?) under 2 seconds.

INTRODUCTION

The history of digital pathology goes back over 100
years, when photographic equipment was first used to
capture images from a microscope onto photographic
plates. The concept of telepathology — transmitting
microscope images between remote locations —has been
around for nearly 50 years. However, it is in the past
decade that pathology has begun to undergo a true digital
transformation, moving away from analog domain into
the digital domain. It is primarily driven by developments
in technology. Persistent gains in computer processing
power, data transfer speeds, advances in software, and
cloud storage solutions have enabled the use of digital
images for a wide variety of purposes in pathology. As a
result, pathology departments have begun utilizing digital
imaging for simple tasks and more complex tasks [1-
3. Digital imaging modalities have shifted from using
cameras to acquire static images toward whole slide
imaging (WSD, which is a relatively novel technology.
WSI, commonly referred to as “virtual microscopy”,aims
to emulate conventional light microscopy in a computer-
generated manner. Due to its high-throughput of a WSI

system, it is possible to capture an entire glass slide, under
bright field or fluorescent conditions, at a magnification
comparable to a microscope.

Typically, WSI system consists of two processes.
The first process utilizes a hardware to digitize glass
slides, which generates a large representative digital
image or “digital slide~ The second process employs a
software to analyze these enormous digital files. During
the last decade, a wide range of commercially available
WSI instruments have been developed [4-61. These devices
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are meant to meet the needs of a diverse user base
resulting in very costly instruments (over US$300,000).

Therefore, almost all of the WSI systems are out of
reach for the developing nations where they often
experience greater impact of pandemic due to absence of
healthcare infrastructures and trained practitioners to
provide valuable prognosis to their patients. In addition,
another challenge is the availability of effective
diagnostic tools adapted to developing country conditions
because nearly all of diagnostic kits and tools are
imported from developed nations. Therefore, it is our aim
to develop simple and low-cost WSI systems to serve these
unmet clinical needs for developing countries.

COMMERCIAL WSI SYSTEMS

In general, commercial WSI systems have a wide
range of appearances and functionality, geared to meet the
needs of a large and diverse consumer market base. Some

scanners have a small desktop footprint, designed to scan
only a limited number of slides, while other larger
instruments can accommodate hundreds of glass slides.

Typically, a commercial WSI system is a microscope
under robotic and computer control. This is attached to a

highly specialized camera(s) containing advanced optical
sensors. The essential components of a WSI system
include the following: 1) a microscope with lens
objectives, 2)light source (bright field and/or fluorescent),
3)robotics to load and move glass slides around, 4) one or
more digital cameras for image capture, 5)a computer, and
6) software to manipulate, manage, and view digital slides.
Several WSI systems do batch scanning (.e. scan one slide
at a time)and continuous or random-access processing (i.e.
slides can be uploaded while another is being scanned).



Generally, scanning speeds of these commercial WSI
vary from 3-7 minutes per slide, depending on the

objective magnification and number of z-stacks (plane of
focus) acquired. One can choose to scan an entire glass

slide or, if desired, a preselected region of interest on the
slide (4-61. Figure 1 shows an example of commercially

available WSI system.

Fig. 1. Operetta High-Content Imaging System from
PerkinElmer, Inc.

DSLR CAMERA based WSI

With the aim to build a low-cost WSI system with full
frame imaging capability, our imaging hardware consists
of a commercially available standard digital single-lens
reflex (DSLR) camera (Nikon D3400), one telephoto lens
(Nikkor AF-S 70-200mm f/2.8), and one wide-angle lens
(Nikkor AF-S 20mm f/1.8). We named our system as
“DSLR camera based WSI~or “DC-WSI.» The main reason

to select Nikon D3400 is due to the fact that the
complementary metal oxide semiconductor (CMOS) pixel

size 3.89 ym x 3.89 pymy is among the smallest in the
DSLR camera market with is pitch-to-pitch of 3.89 pm.
Therefore, the DC-WSI can image biopsies with sub-
cellular resolution of less than 4 microns. The dimension
of Nikon D3400 CMOS sensor is 235 mm x 15.6 mm.
Figure 2 shows a photograph of the DC-WSI Our
microscope has a magnification of 2.83x from its tube

length optics.Its zoom factor can be derived from the focal
length ratio of the telephoto lens and the wide-angle lens
as show below:

focal length of telophoto lens
zoom = - @
focal length of wide angle lens

magnification = K x zoom /2.83 2

where K value is the zoom factor of the DC-WSI. The
microscope standard slide holder (75 mm x 25 mm) is

printed from a three-dimensional (3-D) printing machine
and is mounted on a 3-D scanning motorized stage from
Thorlabs, Inc. (part numbers: MT3-Z8). Our DS-WSI
utilizes a back-side illumination through a biopsy slide
from a light emitting diodes (LEDs) ring light source. Our

DC-WSI is capable of perform rapid scanning unmatched

any commercially available systems due to full utilization
of CMOS pixels resolutions and dimensions. Custom

software is used to both capture the biopsy images.

e

Fig.2. A photograph of DC-WSI system.

To characterize our DC-WSI system, we compared
DC-WSI images captured from to the images captured
Thorlabs, Inc. Portable Optical Tweezers Demonstration
Kit (part numbers: EDU-OT1/M). We employed the
United States Air Force (USAF) 1951 Resolution Target
from Thorlabs, Inc. (part numbers: R3L3S1P) as a

calibration target and image with an 63x objective. Figure

3 shows two images that were captured by the Thorlabs,
Inc. system and our DC-WSI at group 5 element 1.

Next, both captured images are compared by
zooming in the image from the DC-WSI to have a bar

pattern to be the same size as image captured by the
Thorlabs, Inc. system. The cropped bar image size is 1.78

mm x 8.89 mm and the image from Thorlabs, Inc. system
size is 36.07 mm x 221.49 mm. Therefore, the zoom factor
is 2029 times on horizontal-axis and 2491 times on
vertical-axis. As a result, the average number of zoom
factor is 22.6. It signifies that the DC-WSI will have to be
zoomed in 22.6 times in order to achieve the same
magnification at 63x of a standard microscope objective.
Table 1 compares the results derived from Thorlabs, Inc.
system and DC-WSI.

EXPERIMENTAL RESULTS

The largest FOV (with 3.5x zoom or 9.75x objective lens
equivalent) is around 5.7 mm x 4.6 mm. The DC-WSI is
capable of performing the whole slide scanning 2 cm?)
under 2 seconds (limited by the maximum mechanical
shutter frame rate of DSLR). Table 1 compares a standard
microscope performance of Thorlabs, Inc. system [7] in
comparison to the DC-WSI. Figure 4a and 4b show red
blood cells image with 3.5x dowest) and 10x (highest)
zooms from DC-WSL



Fig.3.a) An image captured by Thorlabs, Inc. Portable Optical
Tweezers Demonstration Kit and b) A cropped image captured
by DC-WSL

Table 1. Comparison results from both systems.

— Standard DC-WSI
Magnification Zoom microscope FOV
of OE,EEHVG factor &) | FOV dmx | umx pm)
pm)
38.84 x 87774 x
63x 2260 3116 70426
61.17 x 138243 x
40x 1435 4908 110922
8779 x 198413 x
2787x 10.00 7044 1591.97
24468 x | 552974 x
10x 359 19632 443686
25095x | 567156x
9.75x 350 20135 4550.60

Fig 4. a) An image of red blood cells with 3.5x zoom and b)
An image of red blood cells with 10x zoom.

CONCLUSIONS

Our DC-WSTI systems have the potential to improve
diagnostic accuracy, increase workflow efficiency, and
balance workloads with low-cost due to over 20 times
more FOV with equivalent resolution with a standard
microscope objective upto 63x magnification. As we
integrate image analysis algorithms and computer-assisted
diagnosis tools and validate for clinical use in the future,
the DC-WSI will help undeniably empower pathologists
to become more efficient, precise, and reproducible at
quantifying prognosis.
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® (ollected and analyzed technical data and coordinated engineering project activities with major
clients e.g. Exxon-Mobil, Unocal, and TOTAL
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[65]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.

[66]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.

[67]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
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imaging,” IEEE International Conference on Optical MEMS and Nanophotonics, Freiburg,
Germany, August 11-14, 2008, pp. 42-43.

[68]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]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.

[70]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 lI, Vol. 6851, pp. 68510-19, San Jose, CA, January 19-24, 2008.

[71]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.

[72]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. 6-7.

[73]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.

[74]H. Ra, W. Piyawattanametha, M. J. Mandella, J. T. C. Liu, L. K. Wong, T. D. Wang, C. H. Contasg,
G. S. Kino, and O. 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, CTuEE1.
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[75]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, “MEMS Based Dual-Axes Confocal Handheld Microscope
for in vivo Imaging,” SPIE Photonics West 2007, Endoscopic Microscopy Ill (6432), San Jose, CA.

[76]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.

[77]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.

[78]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 Il (6466), San Jose, CA.

[79]W. Piyawattanametha, J. T. C. Liu, M. J. Mandella, H. Ra, L. K. Wong, P. Hsiung, T. D. Wang, G.
S. Kino, and O. 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.

[80]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.

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

[82]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.

[83]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
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endoscope,” in Photonics West 2005, Advanced Biomedical and Clinical Diagnostic Systems
lll, Session 11, 5692-49.

[84]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.

[85]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.

[86]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.

[87]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.

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

[89]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]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.

[91]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.
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[92]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.

[93]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.

[94]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.

[95]W. Piyawattanametha, L. Fan, and M. C. Wu, "MEMS Technology for Optical Crosslink for

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

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

2. Invited/keynote talks (selected)

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

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

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

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

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

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

[7] “Confocal microendoscopy,” International Coastal Biology Congress 2014, Yantai, China,

September 26-30, 2014.


http://www.icsl.ucla.edu/%7Ewibool/abstractnanospace98.html
http://www.icsl.ucla.edu/%7Ewibool/abstractnanospace98.html
http://www.icsl.ucla.edu/%7Ewibool/abstractnanospace98.html
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[8] “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.

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

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

[11]“Early cancer detection with photonics technology,” The 1°' Young Scientists Meeting, Tokyo,
Japan, February 13-14, 2014.

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

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

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

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

[16]“Advanced light microendoscopy,” Seoul National University (SNU), Seoul, South Korea, August
28, 2013.

[17]“Early cancer detection with optical imaging,” Toyota Technological Institute University, Nagoya,
Japan, August 23, 2013.

[18]“Light microendoscopy for cancer detection,” National Chiao Tung University, Taipei, Taiwan,
July 18, 2013.

[19]“Endoscopic imaging,” National Taiwan Unviersity (NTU), Taipei, Taiwan, July 17, 2013.

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

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

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

[23]“Advance in light microendoscopy,” Bio4Apps 2012, Singapore, November 19-20, 2012.

[24]“Light microscopy,” University of Bourgogne, Bourgogne, France, October 16, 2012.
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[25]“Review: Microendoscopic imaging,” South Africa’s Council for Scientific and Industrial and
Research (CSIR), Pretoria, South Africa, May 20, 2012.

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

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

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

[29]“Micro- and nano-technology R&D research in Thailand,” ICMAN 2011, Shenzhen, CN
November 4-6, 2011.

[30] “Revolutionizing Microscope: Imaging, Analysis, and Application,” Thai Society of
Microcirculation, Faculty of Medicine, Chulalongkorn University December 22, 2010.

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

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

[33]“Optical Microscopy 101,” King Mongkut Institute of Technology Thonburi (KMUTT), August 30,
2010.

[34]“Biological imaging with handheld microscope,” King Mongkut Institute of Technology Thonburi
(KMUTT), June 11, 2010.

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

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

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

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

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

[40] “Advanced Confocal Imaging,” The Fifth National Conference on Optics and Applications
(NCOA), Jaopraya Park Hotel, Bangkok, February 5, 2010, pp. 3.
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[41]“From Laboratory to Clinic with Endoscopic Imaging,” Xiamen University, China, January 20,
2010.

[42]“Photonics in Medical Imaging Technology,” Hong Kong University of Science and Technology
(HKUST), Kowloon, Hong Kong, January 5, 2010.

[43]“3-D in vivo imaging with a miniature dual-axes confocal fluorescence microscope,” The 4" IEEE
International Symposium on Biomedical Engineering (ISBME), Plaza Athenee, Bangkok, December
14-18, 2009.

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

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

[46]“Dual-Axes Confocal Microscopy for Human Skin Clinical Imaging (Keynote),” IEEE Optical MEMS
and Nano-photonics 2009, Tampa, Florida, August 17, 20009.

[47]“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.

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

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

[50]“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.

[51]%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.

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

[53]“Advanced Clinical Imaging (Invited Talk),” Ramathibodi University Hospital, Bangkok, Thailand,
September 16, 2008.
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[54] “Clinical diagnostic with novel medical imaging systems,” at Fraunhofer Institute for Photonic
Microsystems, Dresden, Germany, August 18, 2008.

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

[56]1“MEMS and MOEMS packaging,” Topcon Corporation, Tokyo, Japan, May 19, 2008.

[57]1“Skin imaging technique with a handheld dual-axes confocal microscope,” the International
Investigative Dermatology 2008, Kyoto, Japan, May 14, 2008.

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

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

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

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

[62] “Surface and Bulk Micromachined Two-Dimensional Angular Vertical Comb Actuators Scanner
for Endoscopic Ultrahigh Resolution Optical Coherence Tomosraphy Imaging,” at Optical

Sciences Center, the University of Arizona, October 8, 2004.

3. Media articles and awards (selected)

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

[2] 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)

[3] Won the 2" prize from the International Contest of Applications in Nano-micro Technology

(ICAN) 2017, Beijing, China.
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[4] 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)

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

[6] 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)

[7] 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)

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

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

[10]JAwarded Fraunhofer-Bessel Research Award in 2014 from the Alexander von Humboldt
Foundation, Germany.

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

[12]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.

[13]Awarded Erasmus Mundus Grant in 2012 from the European Commission to conduct research
in France.

[14]Won the 2" prize from True Innovation Award, Bangkok, Thailand, December 17, 2012.

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

[16]Won the 2 prize in Global Entrepreneurship Competition (GEC), Barcelona, Spain, Junel5-16,
2011.
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[17]“Microendoscope,” I-inspire Journal, Thailand, May 1, 2011.

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

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

[20] Co-founded the Global Young Academy (GYA), Berlin, Germany, February 14-16, 2010

(www.elobalyouneacademy.net)

[21]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)

[22]“MEMS microscope images brains,” Research Highlights in Nature Photonics, Volume 3, October
2009.

[23]“Intelligent microendoscope,” Chevit-Cheva Channel 3 Program, Thailand, September 30, 2009.

[24]“Tiniest two-photon MEMS microscope performs Brain Imaging,” an article in Laser Focus World
Magazine, USA, August 1, 20009.

[25]“Cancer Imaging,’

2009.

an interview on the Bangkok Morning Talk, Thailand, Channel 11, June 19,

[26]“Light microscopy for cancer diagnosis,” Matichon Newspaper, Thailand, May 25, 2009

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

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

[29]“Cancer screening with optical microendoscope,” Nation Weekend Magazine, Thailand, April 16,
2009.

[30]“Novel imaging instrument for cancer diagnosis,” Matichon Newspaper, Thailand, April 7, 2009.

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

[32]“Advance optical microscope for cancer detection,” Dailynews Newspaper, Thailand, March 30,
2009.

[33]“Novel microendoscope for cancer detection,” Naewna Newspaper, Thailand, March 28, 2009.

[34]“Cancer diagnosis with endoscopic imaging,” Bangkok Business, Newspaper, Thailand, March 25,
2009.

[35]“Detect cancer with optical microendoscope,” Manager Newspaper, Thailand, March 25, 2009.


http://www.globalyoungacademy.net)/
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[36]“Novel microendoscope for early cancer detection,” Thairath Newspaper, Thailand, March 25,
20009.

[37]“Early detection of cancer with optical microendoscope,

March 25, 2009.

Matichon Newspaper, Thailand,

[38]“Cancer detection with optical microendoscope,” Voice TV, Thailand, March 24, 2009.

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

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

[41]“Novel Medical Imaging Instrument,” Bangkok Business Newspaper, Thailand, November 11,
2008.

[42]“Microtechnology enables endoscopic confocal microscope,” SPIE Newsroom 2007.

[43]“Creating a microscope that reads minds,” an interview on the American Broadcasting Company
(ABQ) News, USA, on October 19, 2007. Weblink:
http://abclocal.go.com/kgo/story?section=local&id=5716715.

[44]“Microtechnology enables endoscopic confocal microscopy,” in the SPIE Newsroom, USA,
October 2006,

[45]“MEMS-based scanning device facilitates microendoscopy,” an article in Biophotonics
International Magazine, September 2006, pp. 27-28. Weblink:
http://pyramidal.stanford.edu/publications/Biophotonics-Sept2006-MEMS.pdf.

[46]“Two-dimensional OCT scanner promises in-situ diagnosis,” an article in Laser Focus World

Magazine, USA, July 2004, pp. 47-48.

4. Patents

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

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


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

(3]

80

N. Khemthongcharoen, W. Piyawattanametha, A. Ruangphacha, S. Rattanavarin, U. Jarujareet, S.
Pathumraj, S. Niruthisard, P. Sarapukdee, and R. Jolivot, "Development of a Fluorescence-
labeled pl6 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.


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

Professional membership

Senior Member of the Institute of Electrical and Electronics Engineers (IEEE) in 2010.
Senior Member of the Optical Society of America (OSA) in 2011.
Senior Member of the Society of Photo-Optical Instrumentation Engineering (SPIE) in 2012.
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