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ABSTRACT

The discovery and the development of cancer treatment drugs normally
focus on the effects of drugs on the cancer cells in vitro. The process or technique
to identify the dead cells after using cancer treatment drug is Trypan blue dye
exclusion. The conventional method used to evaluate the killing effect of drug is to
count the number of living cells and dead cells by the experts. However, this
conventional method is tedious and time-consumed. Therefore, this study aimed to
develop a computer program that counts a number of living cells and dead cells by
using image processing. There are five steps in this work to achieve the aim: 1) Image
preprocessing, 2) Cell extraction from a background, 3) Noise reduction, 4) Cell
counting and 5) Graphic user interface (GUI) implementation. K-Mean clustering
was applied to distinguish the group of data of living cells and dead cells which is an
important step in cell extraction. The results of cell counting from 20 image was then
compared with the expert. It showed that the accuracies of counting were 86.94%
and 70.34% for living cells and dead cells, respectively. This program has increased
the ability of the program can be used to identify cells from the program count
incorrect. Although this developed software did not provide a high accuracy for

counting, it is still convenient and helpful for the researchers in a biomedical field.

Keywords-Computer-assisted program, Cell counting, K-mean
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2. M3dadeninun Input Lagn13ANLIMTEEEUNY Euclidean vaavn
e Input

3. @on3ulium (Node) Aiuglundy

8. USulmunisusitelilvuadnlng Input anniu

5. UsuTnuslndideafiol Input daluiitiatlndidsifivuavuslnieg
Inariu

6. VingnszuIuns 15 auminarfeiunuseuniedeuluiitvun

13.3 mstdndasuniuesnainaim
idlevihnsuendeyasenifungudeyauds udazndudeyasziasiislifenis
oganBnindasuniu (Noise) Aeumstiuiwadazdeiinsdrindssuniueen ilelsiinig
ﬁfuﬁgﬂé]’aamﬂ%u TunsidaassunIy - @nunsaldrids Morphological [6, 11]@a3uu @
Opening Wae Closing  $aufuiEnsldfinsesdssuniu 1wy Average filtter uay Median
filter
Opening  1funsvilfdusuieiedureuvesinginruniuaaundusii
aeduiiduidunevinvuinidn Ufulasssnwesing yhdwiuauliunneen waziidn
ai’smﬁuﬁﬁuaaﬂmmﬂmw N13%11 Opening U84 Set A e Structuring element B Wy
e
AoB=(AQ B)@B
Fatiu n159%1 Opening A #7 B Aan15viinisau (Erosion) A #e B a2
thafildunihnisveneiiin (Oilation) #e B 8nads dauanslugud 1.4

a b
JUN 1.4 amweanistd Opening  a) awmsiuadu b) amileannignis Opening



Closing LHumsvlfduvassustsrasnmiimnuumiaunnduguieny
wiazAsItuduAU  Opening  lagaztdun1s9iuiuseninetoiuauldns wsen1siiuiu
dorine duuiifvuadnlitanumundu Wunsilnguvietesitsuuiadnifui
Huidloenusy Fuandlusuil 15

WULAEAY N15911 Closing 989 Set A 18 Structuring element B wnuaay

A-B=(A@®B)OB

a b

JUN 1.5 amweansld Closing  a) amsiuadu  b) amiileainisnis Closing

'
v o all

nsnsesdye usunu (Filttering) Faudunsidndayrunlifenis wis

T o

Hunsidndngitlidesniseonaingunin Taginldiinsesdyusuniuiinarssiinli
@onld Ly

Average filter \Junisvilinmuasiieaudygasunivesn Tnenadwsd
Ieanmsld Average filter Tuusiazgaoradevesfinaniinieaiiegluvtisinsvesin
nsos (Filter) 1w 1y n3ld Filtervwin 33 dogudl 16 agldriigniananadu
(347+2+9+5+3+8+12446)/9 = 10.67 Sethumniamduatuiid ”ngwmsunauﬁqgﬂﬁ 12a

dieldn1snsesme Average filter azlanadnsvasnndagui 12b



=

UM 1.6 N159n Average filter
Median fitter  tJun1sidadaaimsuniuesnainnm wadnsildainnns
¥ median filter fo nsunuiiAlufines auadiniivinsegfeadsegiu angui 1.6
mnvhnsUssiananingie median filtker  awvildlaeSosenandoslumunniiufe
2,3,45789,12 uay 46 stwazﬁ?umﬁﬁagmﬁﬁa 7 oﬁ’agﬂﬁ 1.7 Weldnsnsesme
median filter azlanadnwsvosnIn éﬁ’qgﬂﬁl 1.7¢c

C

JUT 1.7 Uaman1muean1smandyaiasuniy a) mwauaty
b) M1835A1T averaging filter ) M83N15 median filter



134  mytduead

w§ndifinsuenwadesnainiusazyhnsidneuiilidosnswasdyay o
sunmulunmesnuds agdesinisszydnunasmuinuidaauvenvadiieldlunisiu
Sruuwrediitinuazivadfioneg lunssyimuuasuinuensadiuayli35nsfiGen
Hough transform(12] tfleldlunsmgusisvensad saduisnsililunisandrnglu
JURUUAN99 19U LURTY 2anau 293 Tneaunisildlunisnndunss (Straight Line Hough
Transform) waraun sl lunsmdulas (Circular Hough Transform) Faauns 7 (1.1)
wae (1.2) muEansu

Xcosf+ysin@=r (1.1)
(x—c)* +(y—c)* =r’ (12)

e r feszuzaINYndudnadiadunss

0 PRUNTEWING r UKL X

c fio ynAUdNaNg
dl' o ! o U ! & 14
dlovungavesdn r uay 0 dwsuyng a1 x u az y Idulula

1.4 9wideiieadas

H.Deng and D.A.Clausi (2004)[13] launausnisuuiwannmwlagly Markov
Random Field (MRF) models  @ufuidlmiiilddmsu  Unsupervised  Image
Segmention  @933mstireutnagsnnuaziienududerlunislien  ifesainazdesdinng
AvunAfaLdsinedsliamnsasldielvuiaunslduasmnzay  wadndvosusiazau
vosiildnafilimiouty  Jadumssnfesidentdlimnzay warisnmstlivanzdmiu
thaldfumadunds fesmniBdldtunmdidud Hov Fanmuseiidanfluemided
ansaldnnieglulvun RGB Aawnsavinnsmaassls

E.Gering and C.T.Atkinson(2004)[14] a5unslusinaadimnsunisasnanisiu
Snudundvavedaienunsain digital micrographs %89 thin blood smears fiaunse
THlunsUssiuarusuusswesnsindely hematozoan  snmsflaslduselevianan
uAnFsAIMLLAYTIATIdouTsEaNe  wazdnwasynadusinevesinduaues
diadeauns wazld imagel, JAVA Wevmsinsginm  wmedadegvinlinnsiusuud
ALTINSIAZYNFBT

DJWithey and  ZJKoles (2007)[15] efutgfisarnuuanssvediugn
atforieumifefuiunouiinisuasmsatsrendiaslunsuueningeenainduluusay
yrazilauuanasvesduneuiinislunisuduentng wazldinsimuunidos el
wangunsldau uagldfinisesnuuuiedesdienlflunisudaueningeenidu 3 juluusas
suasfumududoulunmsiendy luguusneeiinuaeiihefanlunsinneinmdae
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Junsudien intensity thresholds uay region growing w1y lugufiaesazdssyndld
wuviassmuliviueunaziinyszangnmnsvinieu sugavineazsidunszuiunisulsdiy
U

P.Phukpattaranon  and P.Boonyaphiphat (2007)[11] launiaueiieniu
Wnsulaenwaauzsasuueenainiundweann  legldlassessamiion lng3sas
[ a Ny = g = % Y & Y
Juwuuiseudleeiaey  denaslrlusunsuiseuinsueningeenainiiunadaelilusunsy
q v & Y I3 2 saa a ¥/ 2 v a v
Seuiiundauazwaduzsneu lneavmwaaninund aglddlunmduiininnsan wagls
fimsuenwadnfiniueenainiu eguadnsvenvadnsadiielunisinw eg1alsinuisd
fanslisruusEusuTMiU positive  cell Wag negative cell oy telviszuuanT
- 5w v = v yyaa - =
deonwaddaluly deadasddrnianueinglunislunisden

P.Phukpattaranont S.Limsiroratana and P.Boonyaphiphat(2009)[16] lavi
N1INAIUITEUUABNTILAR T8 TUNITIATIENAINAIENARIaNTIAUMTENTY N1TIATIEI
AMwBEad (CIA) wazwansisnsussgndldiunmsiuwaduzsadiiug danesiindwmiunis
BnszinmazUszneuluime 3 duseu 1) WWunisueneaduzisailiainainaieainndes
fﬂqa‘lfliﬁﬂﬂmwﬁugm neural network Wag mathematical morphology 2) @mﬁmﬁa%aﬂ
wraglaaNusznoumeAadsves L*a%b*; Tuiuil CIELab, circularity ratio wagn1suen
nunlaglusunsy 3)  wansdensussgnddndninvesiusunsy nsdnwuniladeaues
waduzisuiuadunmsaniiunislagldauaud® Euclidean distance ALaABUDY L*a%b¥;
NaansalianszuunITIATIzRuuAIMgaduzS It endesganssatazgnuutldotis
Wnzad IUUN@adlas N15UsTliunasIIuYeINITInTIsimenaNiIwes oy
furweIninuAdeiy

N.H.Mahmood S.M.Mazalan and M.ARazak(2013)[17]  A5HUIEIUYES
waddladonuaznisszydladendudsddylunsfnwineiuiden mstudadent
auysaluuugnihunldiiensisdevavamvesiau lnewnizluwaddndenuninazivaddln
= v aa a 4 o Y | = oo ‘:1'
doauns  Ugwmdniinfe  Wednuiwvesiegadenniddnwiuninignuseaianalay
UnIngnmaniiulafininemseriamaalueslfufinisnanisunnd  sssesldinuweuas
naTtunsiudiaEeInusmazaNgndes uAdeldsliimungenduisuuiugiu
109 MATLAB lunisuenuasszuwaainidenunuazivaddaidionyianuam lutuneu
nsuenadluAddulald Laxb* Tuiui CELab  vihldanunsaduuniwadidindontaa

< P ¥ < = £ & | = & (K a

wazdinidenvnlasimiy laedenugniewaud  64% H1 87% Yusgiuvinveans
Uszinanailduasalinveaadignann widvhigunninlunisssywaddlindeniiinistniu

31n9UITeNNaIUTIIRUnUIINITIdmaTinUseaana Ay linsAnLen
wadniianuuandsiuildietuudedslsinurmanugndesdadianligunntnuazad
Tagnisfauenyniwaginisinfiuvsewadiivainvaegusn
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1.5 YaULIAYBINITIVY
sl mruaraUnnNsIe Y Aell

1.5.1  YNANSANYILAENAUIaNSNUAI NS UTUSWATUABUAAADSLNYIAUNITHEN
JdnwazAUTa

aa (3

[wadTRTInwaduaswadinisoonanfiunds Tneguinsosadiiigie
nay

152  duwedfifidinuazisadiinioflegluzudelusunsunoufinmesfiiauiy
uaziUuiisunanstuiunafifidesaiiule

153 a$unsmiindiontsldau (Graphic User Interface: GUI ) wielvidnasionns

T

1.6 nvaslaflHlunuise

161 ¢ugniawas (Hardware) iumsufinmesdruyanaiiusznause
- CPU Intel inside CORE' i5-3210M
- RAM 4 GB
- M3eR8 NVIDIA GEFORCE GT 630M
- Hard disk 750 GB

1.6.2  ¢nuyenas (Software)
- 58uuduAnIs Microsoft Window 7
- 1Usunsu MATLAB R2008b
- TUsunsu Photoscap

1.6.3 U7 (Image)
amildlusnddodunmiignaesendesdenmsirundesqanssei

1) napsganssal OLYMPUS IX51/1X71
- AWEIN IX2-ILL100
- Condensers IX2-LWUCDA2
2) naesa18n W DIGITAL CAMERA DP72
Single chip color CCD camera (Pixel shifting)
YA 2/3-inch
ANBTLDUAYDININ 4140 x 3096 (pixel shifting)
5¥UUA RGB
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1.7 Usdlpwifimndnazlédu

171 elsunsumenfinmesfildlunisuszainananimiienisiuigadnaidauas
\adTinNg

172 8lusunsumeuiumesiifisagn ldnude

173 agaanlunisyineau mmsaﬂé’umL%aﬂ@mwsg%ﬁamsﬁulﬁ WaraIusa

yiuegadunsouiulaluvENvinN1sIAsIZRn N



UNA 2
a o A a ¥
OB LATUANNITNNEIYD

2.1 TsAuziSanaziwasusisa

Tspuzise Wulsadalidnuasveanisulawaanliannsoniuauls wazwadmand &
= % & A4 A ac as = a a 1%
AnausanIzanainluluiiogeduy lnedsnislaismsviiady wiyiulalaensadl
TUluiiotatneiAes (Invasion) wsen1soneniAaaudewadlUgwunusnlnas (Metastasis)
nsvsiulanuuliiluszsidovvensadil o1aflanvaiiatuniends wisidunssuiug
Tagnsnaneiuguesidwe (ONA)  avgluwad finsiatedeyavesdu Jadudamivue
NUINV0gad N1TLARRUENY LAaENITAIVANAITNUNAVBINITHUIAIVDY
wad  Wninermansazldtomunadafisnsnvianieg veaugiSeuseinn Carcinomas
Sarcomas Lymphomas uag Leukemias lagialu@osiee) wmanidl agldmuvtiniuiieves
gilaveugaafiieddes wu dhntdiein "Osteo’ nunefis nszgn AsluuiSaiintud
N3ANALI38NI1 Osteosarcoma LwyuafgIfy YmthAwie "Adeno" vsngdia Aiay Aty
< & 1 = o i . | . 2 a
UZLNVDUYAANDUN 38N Adeno  carcinoma  L¥U Breast Adenocarcinoma  dgL39d
wnIendt 200 ¥ awnsanvsesnilungulvals 14 5 ngu[18] Al Carcinoma Sarcoma
Lymphoma Leukemias g Melanoma ﬁ\‘igﬂﬁ 2.1

BRAIN CANCER
ANAPLASTIC THYROID CANCER
HEAD & NECK CANCER
ESOPHAGEAL CANCER ;
SARCOMA CANCER < THYROID CANCER

LYMPHOMA CANCER
SKIN CANCER

BREAST CANCER  LEUKEMIA
LUNG CANCER MESOTHELIOMA CANCER

LIVER CANCER
GASTRIC CANCER

PANCREATIC CANCER
COLON CANCER

KIDNEY CANCER
BLADDER CANCER

OVARIAN CANCER
UTERINE CANCER
PROSTATE CANCER

TESTICULAR CANCER

CERVICAL CANCER

MELANOMA

BONE CANCER

CHILDHOOD CANCER

JUT 2.1 Tsanziselusnaneuywd[19]

13
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ngu Carcinoma  maneda unSedwnaneadifoyfinvesetoizhinislunay
Aouensne Jawadideyiivessiamedl 4 wialngldun wadideyiafiaiisarsdn
va1 wadideyififidnuuruuuivaiemde wadibeyiiudsuulasgusislaniums
YeneuazaiaTesntuiziiug wanwadiBoyfnfiFesimansduden

nqu Sarcoma  Mnefs uziSsiiinaniliaidiegeu (Soft Tissue) ¥83T1NY W39
\Weidelasu (Supportive Tissue) @alaun ladu nanuille @uUssan waziilodaineawu
waNIINU Ge5uiaNTEANLaYNITEANSRUAIE

' . 2 A o ' H a & oA
nay Lymphoma  va188e 1giSeiiauanansendmvaes waviiloidevesssuy
QiU

nqu Leukemias  nunafle uzssvesszuulaiin tinainauinunfvedeadei
o Aa < A d' [
Alladindenfieglulunsean (Bone Marrow)

nau Melanoma unedia uxssnunanwadudndnd (Melanocytes) F3aznuny
Aals Tel (Mole) Aomsiasquiule veawadidindUssianlaiiludunsie

szSsannsafiatuldannisadiboyetzeiameg wal degadu unsaudu
(Breast Carcinoma) dulngiinnadioyresteuadtsiuy dninermansnuily
Hodeunfileadus funnduifanauifedadeiumadiuiiiavioniFondt teadiu
Andinuzise (Cancer stem cells, CSC) [20] Lezjaa‘ﬂzjuﬁLLﬁ%ﬁagjaj’mauLﬁﬂﬁaﬂmﬁa@ia
uzi59 uanfiunumdirglunisaduayunisiasyuaseefiveaueiss nsfadduniin
U5 TOUUITIMARVUAILDY (Self-renewal) wazanunsaimunduwaddimzlivae
¥l (Multilineage  differentiation) willousadduiudarludu vlfduivsuineads
Auilauzifsenafinannsnansiusvoswadduiuiaunfuie Progenitor cells Affsng
AauTRnsLUmaunui e wnAnfeuadduiuiaugSsaninsnesuiengingsy
uazmsiuiulsavesmzisdlivarsuiun - dafegeguil 2.2 Fefunsimueiierhns
SnwnuzSedefinudaey
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- manmoiug
-
mnm\'un}nua
ke .
wiaiaananan wanAuiuiauzd founzids
@

& . . Iy . oa & a . A ¥ore ‘&
LEITINATUHUIUTN wnnd’ummau:m’n‘nqannn‘hl uzifanungdnszow hWldwmibu

4‘ s d, o a I3 & 1§ Yo a 13 I3
JUN 2.2 wadusiSwaznsaiiulsavewsie  a) Mmsduuvadvidudaeadugise

viaiua  b) n1sheeuaglinevausssenisinwvensassuiniauzisadanilugnisndu

Wugn o) nMsunsnszangunauzisa21]
2.2 NISANBUUVBLWNENINTH(Apoptosis)

¢ 2 o ! 2 & 2 S ' a
n1sagvagaduziiingnefsinuisaduazidunisatemsendt evnenlnda
(Apoptosis) [3] Fudugluuunileveinisneretsadiuuiinuusiy (Programmed  cell
death) vesdaliiiavianeiwad FufertesnuyaretU)isemateldvihlieasinneet
fidnwaziiane vienanedndnmziadugaresujisemsdninilieadiisusis
wWaguwlamateguuuy Wy mswWdsugureswadeaieiiiie  nswasunlasvesgaiy

s = s a = & A a =1 o @
wadigunsiiigivewad Tuadsaunniluiudiy lasuidunundidu wazdeueuanidy

[ ]

viou MImeanuaueliasiisuswadnagun 2.3

Y
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Apoptosis Budding™ Apoptotic Bodies
(cell shrinks, chromatin condenses) . are phagozytosed,
/-\ » no inflammation

&, g) ’éé% B @;@%

L % P U EWMNLN
@A’u' @L ",
>3]
Viable / 'ﬁ e
Cell %@ i
\\r,
\ O D\
P b
‘. \\ g =
\'- ‘Eg/"/ 7/
Necrosis / Cellular and nuclear
(cell swells) Cell becomes leaky, lysis causes inflam-

blebbing mation

‘Uﬁ 2.3 SUS9URLaadTitnsAneLUUaE N NINTA[22]

Y

aa o [ <
2.3 A15IURUALNITINBITANSLSS

d' £ @ dltv 1 A aa [ @ d' n' q' I3 al
nsNazAumuzSelatluvusNdaluiiann1suseitadougselalussasmimasundudl
ANdIAYUIN wazazdeserdeadiusindeinguisidusgruin uenmileluain
ANUAIUITOVDILNN AL NISHAIUIAIUAIINTTUAIULAT DI DN TITNIINTHNNEG [23]

Jupour1ee Tun1sidadslsail lleudunisidadelsalaenaly Asvzdesendain

1. Usg¥imsduthendlulagiuuazedn sauisnssnen UseianmaduusiSaes
yanalupsounsy  0Tw uazUsyiRnisAnveaniaviaonats wu a1 yns 1u

A

2. 113999959018 Neamzaseusnaiiluusie suuiendndesuiiim
IndlAes waznsnsaasimelaeigly edunuzisimpenll  lneisn15ns9

595UAT ATONENMNTIE nslenanedensia Wusu

3. A3ATIAINIeeUfURNT SIuNeN1IRsIalaedtieadine iWeatuayunis

o

TaduuSalgugll wazdumuzisamRegd

ES]

)

4. NIRSIVNIYITNLAY LTU NITRAFISNULAILAZANEAINSIE NSASIVNLLONTLTY

AN ILADS

v ¥

5. MIAATULLD FIUNINITYNHIFANDLONTULLONINTIINWYIDINGT ASTAWNNE

Al idladunsSaly ssdesendenedunndidulnsisuazeuduiiions
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weSInerindunzisininouans Jslvindudupeunddgdsdnduniagalunis
Madelsaugiss luvnssenenSunmdasiiedniudelunsialaensing neu
(frozen section) #ISUamnsalinsidadelaniglu 10 - 20 wil Haelu

[

Aasunndanunsasnaulandneioizndfmeanlaegiaunn

o

ad v g

ac o 2 | W 2 ad o YR

N5 lsauSeliviatedsaienu23] wu NsHdn LJuASnsShwnlananng
yaddlilsmmevialunsdilsadadudes wasiiioidunmsussimeinistinsnilunsdilse
I v v a v I3 aa [ d' 913 1 [ d'

Jusnuay  $985hw Wudsnissnwnldlavianisymisdlsameniauasiiion1sussmi
1Y v Ao W <, Y} v o & o v & A
81M3tinTy Msldansaiividn Wunsshwluguvesnisldendnwuesimdadunaula
wazdunumddy lutagduiduzSwaisrianonasnuilimeviaseen Wy Tuns
Iansiafivatninen nsshwidmseiiemuaurseyiatswaduzis lnun1seangndduds
nsiasivlalazuusnveaduziss wavyanawaauzSdaenss  JsneedinisAnena
Yasemduduaaduzise  Tun1sAnwinavesenfdudueaduzise dounaasulunannnaass
(in vitro) wazwmadafltlun1snsiaaeunaresedwaauzisaiuileuldinada Trypan blue
dye exclusion stain legltnannisdoudivadiiousnAULAnNANSENINNYadNiTinLay
wadnne Tun1sAneuszansnmessenlunisawaduzisinseyinlagaideisnisiusiuiu

saaaa ¢l 1Y ° Y] ¢
LIRRNUBIGLLAL LY NHY IfﬂEﬂﬂ]ﬂa@Qﬁ!ﬁﬂiﬁﬁﬁiﬂﬂqim’mq§UU LIS

2.4 nMsfoudiwaanaeg Trypan blue dye exclusion stain

£ =

s & aa o oA s al Yy A A Aaa 1 o
NNTYUALYAA LUU’JﬁﬂW{LUﬂqiﬂﬂLa@ﬂL%aamm’]ﬂLLaﬁﬂﬁ@W QN%?@@%@@ﬂﬁ]’]ﬂﬂu

saa saa

WwaanidinavdiauniioutdulauinisindilesiniwadniydIndideviuiaad (cell

o a =~

membranes) ¥lAallaunsanuglule wadananeazlidnwazdunkuidesanndaiunse

oY

=) a

' A v & ° ~ | I3 < ° Y 2 &
inuBerugadngniatelaeelglunisaneaduzse inbrteaiundudultu
2.5 ASUNIYRININAINDA

ATl unTUTELaRa T UN TN ITAa NS LS ININIUNTEUIUN T DU ALY A LA

| | Y v ¢ . av v o v a
LAZNIUNITABAINAIYNABDIFANTIAU (Microscopy) mwwlmwgﬂuuwﬂimﬂumwa RGB
Julwdusean JPEG  Junsunislinivasninuandluzui 2.4 awiduildasuszneudiae

fada aao a s al P gy s a Y I - =
WwaRHTInNHanwUrdaIN wazwadiangazildnuusdlty  deegdlugun 25 @sly
JUALUARNIAIDE19T0ININATADA WNAUFUAMAALTAANTTIN  1NAUFVRDUANILYAAT

Ay
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Microscopy

v

Optical Image

\ 4

Digital Camera

SUN 24 dunpumslaunvesnnaines

- —v_..—-"_u'-'.-*.o"_]_-

{ iy

SUN 2.5 ANAINEaNUTENaUMIELaaNtiInwaLaaNinIe

Y

2.6 52UV color model

nsléasuanunsiinluneufinmes SseazsBoanatsusznis dadudnwasians
szuvdvetneNinnes aziurtestunisuanmaasiivansuusonauiinmes lneddnvusy
nsuansua Ae dlufiuananadlaae vusanmazuanudu @ windvnduansuanionuiu
suiiuduuaenindu "3 druddue nainnisuansduaned @ uadAuanenaty n1s
wanNadnuaE 3endn nsuansdszuy Additive aRldlusugiunsiinialy 3 4 szuu
A® RGB CMYK HSB uaz LAB

2.61 RGB

Huszuvaiiuszneusiewid 3 @ Ao uae (Red) 1en (Green) uaziindu (Blue) o

P naunauiurnlfAndseg vuaereufimesinnds 167 1ud  dlndiAueiudiion


http://www.punyisa.com/photoshop/graphic/graphic4.html#h1
http://www.punyisa.com/photoshop/graphic/graphic4.html#h1
http://www.punyisa.com/photoshop/graphic/graphic4.html#h3
http://www.punyisa.com/photoshop/graphic/graphic4.html#h3
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wwesiuund dldainniskandvuegfuanuduvesd Tunsdifinnswaunnddieiudn
wiwsiludvn  widlldnaudlaaedniuesiiudn daanddugufn 2.6a dmsu RGB
mnuliasdianeglugie 0 fa 1 dwanslugui 2.6b waz 2.6

blue 1(0,0,1) cyan

whit

e
magenta f

Magenta |

2735 0.1224 Blue 0.4
T4 0.2902 0.0627 0.2902 0.2902 0.7
0.5804 0.0627 D.0627 0.0827 0.2235 0.25B8
5176 0.1922 0.0827 Green 0.1922 0.2588 0.2588
0.5176 ©0.1294 0.1608 0.1284 0.1224 0.2588 0.2588(Q
0.5176 D.1608 0.0527 0.1508 0.1922 0.2588 0.2588
.5490 0.2235 0.5490 Red  0.7412 0.7765 0.7765 |202
5490 0.3882 0.5176 0.5804 0.5804 0.7765 0.7765 |196
490 0.2588 0.2902 0.2588 0.2235 0.4824
0.1608 0.2588 0.2588 0.1608
0.2588  0.2588

U1 26 nwmodel RGB &)  nswandvas RGB color model
b) AMnskaENdves RGB plane ¢ Afiiulufiniga 909 RGB usayd

2.6.2 CMYK
I3 oA Yo d' a ¢ a a & A v a a = =
Lﬂuisuvaﬂ‘muLﬂi@ﬁ‘WﬂJWVI‘WﬂJ‘Wa@ﬂwwﬂizmw‘wimaﬂmLiEJ‘U’eJu ] U3

a A A =

Usgnousiy @wdn 4 & As @W1 (Cyan) d29uAs (Magenta)  @ndas (Yellow) Lagdan

a & |

A
(Black) wlpuraniuaziindidudan uiaglidatin iesnnuiinfiuidainulivians 3
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Hunsuaudiuuau (Subtractive) ndnn1sindvesszunil Ae vindviszganduuasaing
niludrazioundusenududeing 1 Wy dfhganduuamesdiiudasiiouoonunludd
Fu Brardunalindfiazieuseninasiududnuesszuu RGB mandluszuuifemsety
fumsindluszuu RGB fagufl 2.7

RE =N —
white
Magenta

a) b)

SUR 2.7 uansnm model CMYK &) @uagnswauduas CMYK color model
b) ANNIsHELEYI CMYK plane

2.6.3 HSB
Juszuvdwuunisusaiuvesaieniuyed daudseendu 3 dw fie
- Hue fig @69 9 Nagviousanunaninguaidigaignvest dednas
Sundeuded wiu A1 FAnded Fua 1Wuduy
- Saturation A8 AINUAANYDIA LABAIAINUAANYDIADLLIUT 0 D9 100 AN
AuuASaturation 9 0 #ALUAIUAALDY LADIANMUAT 100 FagAmNUAANIN
- Brightness A9 S¥AUAINUATIINUDIE LAUATAIINAINIVDIAILLIY
d' = v o d' I v d! I a o 1Y o c{' = = 1
70 849 100 119UAT 0 ANNAIN9LLR8TLLTUFAT WADIAINUAT 100 FRzdAINNEIN
~ Y] ~
HINNEA mg‘u‘m 2.8
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Bnghtness

Ul 28 Flilvun HSB

26.4 LAB
Wuszuvdnldduiugunsalle 9 (Device Independent) Taguys

oanu 3 du fAs
- L %99 Luminance Wun1sAIMUAAIMLE7I1e T95A8 e 0 9 100 81

fvuadl 0 aznaneluden uadimvuad 100 azdudun
- A Huswediilarndidenluauns
- B Jurwedildanainduludivaes
#lusyuu LAB Gﬁ’mam‘tugﬂﬁ 2.9

Black

UM 29 uansdlulvun LAB
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2.7 mstuaaflendasanssAllagld hemocytometers [24]

vdsndildnmeagaduzise aziinsihunliengsidadiunsmeveeaduziie
(% Cell Death) ndsnanlasuen lnenstumenUasiunaeanssal nsdueas
sefinnudndulunisussiulszans nnvesengigadueiss hemocytometers  ngn
thanlilumstuiunumadinoSouiisudueadii®in 9 hemocytometer Aogunsal
dnsutudivugad Wudladuifidvesiuwad (Counting chambers) g‘dﬁ 2.10a
LAAIENBAUZIOY  hemocytometer  grid AildlunsiuLwad hemocytometer A3

w1 0.1 Hadiuns Nundmdenlugasinarsinansarslduuaunul INui 1.0 a151983

'
=

was gotlvgllasgnuunludesveuidug 25 Y03 TFawsastesveudugianauuniu

Y Y

[% (% '
v o A a

1 <3 a 1 a d' ' Kt o <3 o 1
RUANBN 16 VB muu‘wwamaaﬂwmjmawmummaum61 UIU 400 ¥y 10

M A B Cuaz D #lamiuls é’feuamﬂugﬂﬁ 2.10b

1 mm

1 mm 3mm

1 mm

1mm 1 mm 1mm

‘gﬂﬁ 2.10 Hemocytometer grid

o/

2.8 nsUszNRaNanIW wag ANSIUaRAEIRUNITUTEIIaNANINATYA

n15UsERIaNanIn (Image processing)[6, 25] Aanisuszendldaunisussinana

aa v 6

uauudgI 2 By amdlaninene) wIenwiavied (3Ele) wazdesiudedayeyin
X

[

!
=

foudldladnin Wunislireufinwmesuszanananin wWislinsiuinnnidudessls wse

Na A [ a 1 a1y v U a a o O o aa =
NﬁﬂwaUIQ@E“JSLUQWWWi@lN Iﬂﬂmlﬂm@ﬂisﬁﬁqﬂmqﬂumqﬂﬂau N1IANATUIUUUNADIYIT UL

add

arsiiuszlomiunnaeduly Tddnazidunistedusazanfinea (Pixel) 11An A15AILIN

q

Juuinamanegasiniu Wy n1saiuiy (Texture) N1393UKUU (Pattern)  N153AS1e%

35U (Shape) wsamsaaszinuvau sy
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a [ [

n13UssuIaRan InAivia neadesdunisulasteyasuimdudyyiaeuiien

o a

(Analogue signal) TvieglusUvesdayayasdivia (Digital signal) dieldlunsuszananariiu

[ Ag7)

]

mepeuiunesly Asguin 2.11 wasdahunldlunisandayvivesningu andyaiusuniu

aelunn Wudu

a [

Tumsudasmnlfifudyaranivady svuvagthguifuidianludunlag
N3gUIUN15  Sampling  War Quantization  warditeyasenuitusuluufiva niy
oufamesaiiuteyaninamiheniud Insnssenniennudinelueiedusuiuy
199915159 (Array) lapalunsazoue39151589 LLﬁﬁﬂaﬂQmﬁMﬁaﬁi’Nﬂﬂ@ﬁgﬂﬁﬁﬂL%ﬁﬁfH‘]
wazfuvietes onsissnlummvuasiunisvesiinanigluninee

Analog Imaging Analog and Digital Signals

o

Analog
Sine Wave

Integer

Equivalent gijary  Pulse
Equivalent Train

Pixel Quantization

s janjagn A

3 Q2 )]s o for |7z heshsoge )]s o

S o) oo pecherpuoposguseage jae i w

BB DODEE sjafu]e

. AR R A L i B B L)

bl ORI EDR CECERE

n tfefrnlm qefn]s |2 ]2

B ORES TR EEaE

- B 1 npe pu el sfe o]
RS 3|7 Jun wiuingsjo a2

} ¥ ol 3 fofasfe pu s jafua]sfe 2]

| B s fnje dhafrejalel 22 2]
ol | 1=l winfnjrfajoja]e
,w L Bl i W- M EIRA LR AE A
(b) ) (c) CI=l7 b« Iwlel=" oo 7 [*

Y]

JUT 2.11 mswdasnmewndentidun widvial26]

= ¢ = = v &

ANAINaNleazisULuUNIsAUDULLNS NG B99zTin1sTaAuNInLAazstnf9i Y

Y

[ 2
o Y A

Yuagiu sruvdveInIneIng1? Inswlaviinvesninlaeiail
- Binary image 38 n1wu1-an Wuguildilleiiies 1 On sefiniea lnuAndasiua

d0eA1Pe 0 v30dm uaz 1 Iedvn dwanslugui 2.12
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| =
—
|

|
e
|

=
=

gﬂ‘ﬁ 2.12 1MUY Binary #38 A1NY13-61[27]

- Grayscale Image  wSanmsdvdwmndusuiiulagldgunuuveansise 2 i
IngAfivazdaeglutaqmils Feszduvesdiuegivruinvesdniildiiuand  szdualy

Y

Wntuvesdaregluyae 0 - 255 (8 bit) é’qg'ﬂﬁ 2.13

0,263 0.2626 0.2826 1.
0.5342 0.2051 0.2157 0.2826 0.3822 0.4391 0.439
0.5342 0.1789% 10,1307 0.1785 0.2057 0.3256 0.2483
0.2483 10,2624 0.3344 0.3344 0.262¢ 0.2545
d44 0.2824 0.3344 0.3344

'
a

JUT 2.13 MUY Grayscale %38 MnseauEnn[27]

6

- RGB Image %38 Truecolor Image 1Juguiiulagldansisd 3 45 vu1m m x n x

(%
a a ¥ U

3 Tpg?l m AeAueTd kae n AeAUNIveInInlurIeanIn diudiRanvineiu Tunsas

q

v
@ 1A a °o a

fRvzinuAdueniy Aeduns(Red) l83(Green) wagdnidu (Blue) sagui 2.14



25

——,
2235 0.1294 Blue 0.4Two~
EDs  0.2900 0.0627 0.2902 0.2902 ﬂ\a?\
Aac‘ 0.0827 0.0827 0.0827 0.2235 0.2588
75178 0.1922 0.0627 Green p 4922 0.2588 0
0.5176 0.1294 0,1608 0,1204 0.1204 0,2988 0
0.5176_0.1608 0.0627 D.1608 0.1922 0.2588 0
5400 0,225 0.5450 Red 0.7412 0.7785
5490 0.3882 0.5176 0.5804 0.5804 0.7765 0.776S :
¢90 0,2588 0.2902 0.2588 0.2235 0.4824 0,2235 |
_0.2235 0.1608 0.2588 0.2588 0.1608 0
) 0.2508 0.2508

U 2.14 a1muuu RGB[27]

- Indexed Imageilugunifzunuunisiivuuuasuil (indexed) feo nmuszaniag

=3 =N (- | 1 1 s & =3 o 1 ANl v Ao Y v =
wnuAaluanatinazlulsasyeeisisd asiusmLiLsuesaaIfvil uusﬂn GNEU‘VI 2.15

721

gﬂﬁ 2.15 7MUY Indexed[27]

2.9 N1ITWUEIUVDININ (Image Segmentation)

mauendiunm Wunisuendiuvestoyanmlag wisweuwn wisdiuvesingly
amesn  udiuginimdiainnisusulgenaninvesnmlifduwdidnyae nsuenas
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[

Juagiuinguszasanaziluldaude wu ielinsgvigudnuazvesing e winwun

'
(% I~ L% o

Y0930 Wetuduingniglunm  Uselewilves Image Segmentation leun

9

- aedwnuteyatugunmitlidndulunisiasgiias

Fnsuioutoyalugunmlidunguldaty
- uansdoyalusuiidladnedu
nann13lng 2 1anNNITIUNITUENBIAUIZNBUVBININ
1. nsuenasduszneumuaLviloy (Similarity) Yesnaautfvesiiniaa
voagtammeluiuiiieatufuanduzud 2.16
2. miLLaﬂaqﬁUizﬂaUIma@mﬂmmlﬂsiaLﬁaq (Discontinuity)  ¥®3
AuanTRvesinauTnmsesfestria Ingluawiuiiunds

JUN 2.16 anuuandsusiusegsaiarAvilourasinigavesiunanglu(25]

NSLENEIUANE 2 LWUINNAD Pixel  Orientation WAz Region
Orientation  WIN98s Pixel Orientation  {UW3snsuenesAUsenavresgunInlagg
naNumlouiuvesnuautRvesiniwanieluiiuiiiiesodauses 1WWIsn1s Intensity
Thresholding  anansaldladaiunmningiuiundsueniueg1admiau LwIng Region
Orientation  aansashluldiunmdlalaenisuus partition lu Feature space wseidu
I3 aa & | . YY) ' a
NsUENBIAUTENOUANNENNIYATLEY WU K-mean algorithm  dasagnalugun 2.17
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Partition

Red

b)
U 217 msuenesdUszneuvesdmufiniga a) Amduatiu b) Feature space RGB[28]

29.1 K-mean clustering
funouds Kmean Hudsdwiunmsianduuesdoya lnegauas
oyavzdnoonidu k ngu lunmsinnguazedunisduinszezvinandevesdoyaiuiiinves
pEuENaIsvaIngy (Centroids) deyaazdnaglundy k Talusgfussesineiiduiiansening

ndeyawsaziisuiuiiinveaqudnalsveingunnngy  n1sdanguazaniiuluisesy

Y

U
9
W

lngnaudnatsvenguazinnUisuulaiuegivssogisiidunaldluidagsey  n15dn

19U
v

nauazdugnaioyagudnasvaInguynnguliinisasusas lagldaunisnia
ANAANAAS 2.1 WAT 2.2 NIBUIUNITHASAIREIIHASNENITIANGUAITT K-mean

clustering fawandlugun 2.18 uaz3uf 2.19 anudnu

2%

_ic(i)=k _
m, = N ,k—l,...,K. 2.1
k
. . 2 .
C(i) =argmin|x, -m, ", i=1,....,N 22
1<k<K
W08 Xy Xy nefieavestoya
. = o o [ th .
() MUNYOY 1UIU cluster @19AU / observation
~ a th
my HUIYIARAYYDY Kk cluster

=% o . th
Ny MUY observations 1wk cluster



Place randomly imtial group centroids into the 2D space.

Recalculate the positions of the centroids.

Do the positions of the

centroids change?

,b}]o

JU 2.18 N5¥UIUN15V8Y K-mean clustering

Initial Centroids Initial Partition
o
-
o~ A . .
‘ Tt
M e
| Rl IR v |
° ®:r.7
ot e s
o ; N
T T T
-4 2 0 2 4 &

Iteration Number 20

;J‘LJﬁ 2.19 nqudeyalagly K-mean clustering[29]
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2.9.2 Hough Transform
= [ aa o w 1 [
Faduisnisldlunisandringlusiuudieg 1aen13ns1anmdunsy
dwulae wagranauieglunin lngaun1snldlun1smidunse(Straight Line Hough
Transform)iazaunisntglunisnudulAs(Circular Hough Transform) WansAsaun1sh 2.3
uaz 2.4 AIUAINU
Xcos@+ysin@=r 2.3

9NUUAII accumulator cell  @odlid AGj)  Faliduusznouves T,
way 6, Aumnaganm fida  xy vesanmlagieguuidunsaduiieiiiagasauegly

accumulator  cell @dgatu laglan r, wag 6, Wiy datdudiduunasauly

accumulator cell filafiAnunnnndnan threshold Aidwualiasgnudasnduliduiiia xy
Fapismauindunsaianandiiianaalatiauussunu xy Twhuesudgiiunismau
TAsaznaume azldaunts

(x+y) +(y-c)?=r? 2.4
ADTEEYAINIAAUSINADUFUNTY

Db
®
-2
~
e
=
[asZN
2
j2)]
]
Zo
=]
(&)
Zo
)
Lo
)]
)]
pimid
—2
;,:;
=
Pe)
)
=
X
)
ee
S

n15a%19 accumulator  cell  lunsdhsnanandu AG) 3 Tadamisdwesas
Usgnoudne C,uaz C, uaz r dwmsuiSmsmuamiide xy fleguuisnaviediuldssy
W UEldITNTULAEINUAUA THUDUAUA T Fauanadegamadnsiilaannisvia
Hough Transform Iug‘d‘ﬁ' 2.20

U7 2.20 wafildannnisv Hough Transform([30]
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2.10 mia%ﬁad'}uﬁaﬂﬁaﬁ'wﬂ%ﬁu (Graphic User Interface : GUI)

dudiadetudld Wudenandunisinsenazldmeusewinadliszuuiunenfiumes
Lidasdunsiadenisieeniaung vie sendurf mndudonsinu srdauriasuseney
e gunsalreufiatnedineg 1wy wnd Adueda dlne 1udu winniludeniaiu
FONALIS WNUUTENBULNITLANINENIIDNIN I lmAnnsURduRusAY wasyilidiess
mslfrudmiudiliftugulumadeulusunsuimaneufinnes

domssnurenduafazldnrvmseeuimeslunisatne GUI fegranwiiivnunld
nunReNiueefitu Mwd a1 Wudu Jegtuilsunsuiansoadne Gul
wanglusunsusaegady TUsunsy Netbeans TUsunsu MATLAB usu faegnenisadng
GUI TulUsunsy MATLAB faguit 2.21 Tumsa¥is GUI azUsznausne msnnsdiuuszney
nsadlu GUI waz nadeuddufiefvunnisinauresdiusie

My Adder GUI

JUN 2.21 feeavemiinge GUI

ngUN 221 Wudiediantiae GUI Aldlunisauinua sxlivesiu
wazduvihuihnlunisuinausasiinuwansa Tu GUI - Feanunsoass dialog box Liteyi
wihilunsiieunud seaugldeulanauansitegalugun 2.22

a e, " -
@ Do your want ta quit
Completed and 'ou see at E:\Pragram Cell Countingtdata. bt
| Yes | [ Nao ] [ Cancel l

Ul 2.22 #etna dialog box Tudnuay GUI



unii 3
A5N15ANTUNITIVY

enluinendnusiyatiunsaauasiauivsunsunoufinmesililunstusad
Tneffnguszasdilofnuimaiianisusznananmisuiumsilousaneifiumsaeniiomnes
uazUszAvglusunsumeufiumesiiielflunstuwadlnsannsaduunduwadiitinues
wadian  lelvanunsmhlvldvsslevilumsiuwadunuisnisiufenkiiundes
anssm] Faduisaldfulaeinl Tunideazudsesniiu 5 daw o

1. mawdeuanunionvesnnieadideududs (Preprocessing)

2. MsugnaaniTInuazaaNngeanaNNUNae (Segmentation)
3. NSANARFYYIUTUNIUBENAINAIN (Noise Reduction)
4. mstuPnuaaniIauaziwaainig (Cell Counting)

5. msasnsuinien sleeu (Graphic User Interface: GUI )
TupaunIAIuNTIdEluInelinusl wanslugui 3.1

sUNN
U

{

LS EUAINUNSDUYDIN NN DUALYAR

|

LUNLYAANADINITDDNAINNUNAIVDININ

Ull

NNANAYYIUTUNIY

l

TuhuueaduazilIsuiguiugie vy

a519ns N ANINEN5 LT

JU7 3.1 dumeunisnniiiuniside

31
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3.1 nawSeuaunSevesnmiideudiuadudy (Preprocessing)

Jutumeuresninadsunrmionrosnmudanildnmunandidesg Tneas
ihllflunsuensadesnainfiunds  awdldeglulnun RGB Tunmwidaninez
Usznaudigguningdes 8n 4 JUAm udazgUnmgesazUsenauiy 16 isugey mu
hemocytometers faftnanluunil 2 Fauansluguil 3.2 uazfinsufurunnvesgUlid
yuadnadielifinnuminzauiviunazmiisanuddisesesneuiinmesildluns
Uszanana danandlugui 3.2
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- o

o o e ge L 108 o VR | A [ 8|
Dl e > - o d -

G .- . O - [

©
008 2 o g!
b 5 e
D
Bl G
ol oy
B
0

aunda (in 4140

g (nima) 3096

100%

5U# 3.3 m3usuruemesgunmlnglilusunsu PhotoScape

3.2 MSUENYAaNdTINLaEIEaaIn1800NNNUNAS (Segmentation)

Wudumaun1shendIun duadoanINAUNSWDININ  LNeN9zUINaTINITHEN

wadldvhnisduiwad nisuenwadeandniiundsveininazldisnisiangudeyalaeis
K-mean Clustering ﬁQLLaﬂﬂug‘Uﬁ 3.4  lpgTuneuisn1sued K-mean  Clustering
Usenausieg

1.

AR o A

MuuardIungs (k) Lisamh

duidengananansuesusiagngy
Inszopvieszminsteyavidesrziaiosiigalunisutsnguteya
Anasnyafnaslsivesusiazngs
SnszoinaveusazdoyaiiiarSouiisudiugansnandiml ervunngalyiiu
Toya

nsgigludunoud 2 - 5 auntagliafanansilifimaasuulany
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LSu

uIUNgUveItaya(kuazdy

\HONIANINA1YDINGY

\ 4

A

7197 centroid

ol = 1
WIHUMNBUTE AN

RIGEDIRIGE

senintoya

Taasunlas

o
Y

E‘Uﬁ 3.4 YUNBUVDINTTUIUNIT K-mean Clustering

Ingluanddeladmuangudeyadu ¢ nquieya k= 4 laglddayasin
AuANURTEUUA RGB Yeyaimiuyiin1sdnnguieyanisisn1sves K-mean clustering e

9 Y
14 1

JoyavasAnnyafinausaziiniea naannsvimsiangudeyauanilansguin 3.5 uagsy
- v 1o ) I3 % 1A @ v s A aaa
M 3.6 legdeyangui 1 (Wudnwuzveuvensas  Jeyangudl 2 \Uudeyawadnildin

Toyangu 3 Wudeyaiiunds  doyangudl 4 \udeyawadfinny laeguil 3.7 wanina
nsIanaulayans 4 ngudeya Tunmsiaszvidusisliagldvoyaamenaun 2 wagnqui 4
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Y

1l

objects in cluster 1

b)
3.5 nan1svinsdnangueaienaiia K-mean Clustering
VOUYAENAYIN b) nquTeyArenYAd

a) NANYBUAN

N
Aaaa

NUYIR

[

Y

'
a

<

(%
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objects in cluster 3

|
i
il
|
1l
'
¢
1
{
b
13
i

objects in cluster 4

b)
HaN1sNMsInnguaiemalia K-mean Clustering a) naudeyaiiluiumds
b) Ngutoyavediganiinng

CaN
c
=b.
w
o)}
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image labeled by cluster index

JUN 3.7 msdanguvesteyaa 4 ngudeya

[

3.3 NSANARAENSUNIUBBENINAW (Noise Reduction)

A
(%

< [ o v a av 1o & - =~

Wuduseunisiidndenliddndulugunimeenaingunm  lesanguaindisiu
nszuunsiangudeyavzddenluisndueglugunm miniluldasiinanuianainietu
Ingihgunmadniitinuasigasiinneuinnisidndsnilidndueenainguam  dagui

' & saaa sl °o u a DA

38 lpsuvteanilunmiwaddydin uasnmeaaiians n1smandssuniulunineadlawn
USuanuentnuesing uwasfududiuindugesine  wasmdndiunnsgdnnszanelusunm
A g a & U sAl v A VYo o o o PN
mudndny  waansnlaidelamdndyanusuniueenatngunaindsandlusuin 3.9
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[

dningiany

l
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JU71 3.8 Jumoun1smindesuniu
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3.4 NSPUINUIULAANLTINLALLIAATIANE

Wunstuwadnoglun I ngalviawad NiTInkazadnang  NaueInIsTuWada1uIsaTy
Tdlunsimszigrdesnsiienieaduziis 1neazlenAuLANAINTERIeLsaafiltin
LALLARTNAN89DNIINAUNYIINITTUTIUIUYEE T9a1UNsausndnuazIausaaiady 2

e

ANwLAD
1. WAANNYTINITTANWULEIN
2. Wwadneeaziidnwzkuteendu 3 dnvay Ao

2.1 5upe wadaziidn savuanaziulsdvundwasdliuinle
2.2 waalsuiinsuales Jvuialvegau

2.3 WAANIUINALLANBEN NTEANYBEUTLINTEY

dnuazvBLTATLAREINYAEKARlAIRIUN 3.10 LaENTEUIUNITHENAN YLD
wadion1siuwadnmuaneglunimlaeuendudviuveasadniizin warduuvesyad

o léfé’qgﬂﬁ 3.11

A o saaaa ¢
E‘UVI 3.10 ANWULUDILYAANUYIGLLALLIARNINEY
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ASTUIUNITAALYNLYARDININNY

AN

!

] A - = aud
ATUIEH U LRA BT DAL RaN

1#3n (A)

UUT USRS
-l =
nidTn N,

LANNTERDE

B
D - = o o= .
VTUIULAARVHU LA FuuaanaeN, (N, +N,+N, )

JUN 3.11 nszviumslunisuendnvagigadiienisiuead

&l

3.4.1 NMSUULAANLTIN

| s aa

lun1stdutwadniidinazuseneulunisTunouresnisldinaiinves  Hough

o [ 1%

Transform @sffen1sszyfianuaesing uaznisdeuseudulnay lagldniniiniunis

9
[

Mdndayansuniuedd WWudsyaiid (nput) fsguil 3.12 Auanstuneun1siuieadidl
Tin
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[

SUANTIETUNSIARy s unIu

A 4

WwAlANITWUaY Hough

A 4

JUIUIUAR

SUN 3.12 Fumeun siuduiuadiwaanidin

3.4.2 NSHUAATIANY
¢ | v & a & al a & P

WARNA8E1U15ORUATE 3 UTLLnN A9 Wwaanneund  wadseiuiy way
WwadmenuanduAeeas  AauNISTUWad A 9linsTUIIUIUYIAANLANLAZLAANTS
N3¢ Fanstuwadimearituneudiiwandugun 3.13  lagvinsiseuiiiguivauin
-«-:941 ‘:4' n‘d‘dda Y 1 1 -«-:941 ‘:4' salaa [ 1 I I3 o
HuveseadniiTdn ddlvwinlrgnitiuneadidin xdanduegluussinngaduiuuazih
AITMENUNadTIn  ATuuaEanNIEas NN idneglunquivaduan 1Nty
YMNNTFIUNUNVDIYARLANTUAKAINNTABNUNVDUIARNTTIN  DIVUIANUTA LNALAEIAU

faaAaNA Yo | " ¢ a v o ¢ o Y

waaniTInlidnnauegluwadmeund udtulwaans 3 Ussansiuiu
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%Analyze Image

load mydatal.mat
global num_al
global num_a2
global num_a3
global num_ad
global num_del
global num_de2
global num de3
global num_ded
global per s1
global per s2
global per s3
global per sd
global per del
global per_de2
global per_de3
global per ded

group_image = cell(1,4);
num_avi = cell(1,4);
num_death = cell(1,4);
num_image = 4;
group_image{l} = cropl;
group_image{2} = cropz;
group_image{3} = crop3;
group_image{4} = crop4;

clear cropl crop2 crop3 crop4
for k =1:num_image
clear death _cell

clear se



he = group imagefk};
[Object2 Objectd] = clustering(he);
[circen cirrad area] = noise_live(Object2);
fh = figure ;
% togglefig('Results')
imshow(he);
hold on;
plot(circen(;,1), circen(;,2), 'r+";
forii = 1: size(circen, 1)
figure( fh ),
rectangle('Position’,[circen(ii,1) - cirrad(ii), circen(ii,2) - cirrad(ii), 2*cirrad(ii),
2*cirrad(ii)),...
'Curvature', [1,1], 'edgecolor, b, 'linewidth', 1.5);
end
clear se
[BW] = noise(Objectd);
[La,num] = bwlabel(BW);
[death celll=death count(La,num,he);
hold off;
saveas(fh,sprintf( 'current_frame_%02d.png',k));

% area_live cell = areg;

if num >0
[count b count s count n total new_count b new total] =
compare(death_cell,area,num);
num_avi{k} =i

num_death{k} = new total;

else
num_death{k} = 0;
num_avitk} = ij;
%live_cell = num_Ava;

%death_cell = new_total;
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end

end

totall = num_avi{l}+num_death{1};
total2 = num_avi{2}+num_death{2};
total3 = num_avi{3-+num_death{3};

totald = num_avi{d}+num_death{4};

% image 1

num_al = num_avi{l};
set(handles.editl,'string,num2str(num_al));

num_del = num_death{1};
set(handles.edit2,'string',num2str(num_de1l));

per sl =(num_al/total1)*100;
set(handles.editd,'string',num2str(per_s1)),

per del= (num del/total1)*100;
set(handles.edit3,'string',num2str(per_del));

% image 2
num_az2 = num_avi{2};
set(handles.edit5,'string,num2str(num_a2));
num_de2 = num_death{2};
set(handles.edit6,'string',num2str(num_de2));
per_de2= (num_de2/total2)*100;
set(handles.edit7,'string',num2str(per_de2));
per_s2 =(num_a2/total2)*100;
set(handles.edit8,'string',num2str(per _s2));

% image 3
num_a3 = num_avi{3};
set(handles.edit9,'string',num2str(num_a3));
num_de3 = num_death{3};
set(handles.edit10,'string,num2str(num_de3));
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per de3= (num_de3/total3)*100;
set(handles.edit11,'string,num2str(per_de3));
per_s3 =(num_a3/total3)*100;
set(handles.edit12,'string’,num2str(per_s3));
% image 4
num_ad = num_avi{d};
set(handles.edit13,'string',num2str(num_a4));
num_ded = num_death{d};
set(handles.edit14,'string,num2str(num_de4))
per _ded= (num_ded/totald)*100;
set(handles.edit15,'string,num2str(per_ded));
per_sd =(num_ad/totald)*100;
set(handles.edit16,'string',num2str(per s4));
close Figure 1
close Figure 2
close Figure 3
close Figure 4
clear num_image
imgl = imread('current_frame_01.png);
axes(handles.axes1);
image(img1);
axis off
img2 = imread('current_frame_02.png);
axes(handles.axes?2);
image(img?2);
axis off
img3 = imread('current_frame_03.png);
axes(handles.axes3);
image(img3);
axis off
imgd = imread('current_frame_04.png);
axes(handles.axesd);

image(imgd);
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axis off

clear Object2 Objectd he circen cirrad area La num BW k
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% Counting Cell

load updatel.mat
load update2.mat
load update3.mat
load updated.mat

global num_al
global num_ a2
global num a3
global num_ad
global num_del
global num_de2
global num_de3
global num_ded
global per s1
global per_s2
global per s3
global per_sd
global per_del
global per_de2
global per_de3
global per_ded

%update image

%updte 1

num_vupl = (hum_al + xrows_v) - xrows_vd;
set(handles.editl,'string,num2str(num_vup1));

num_dupl = (hum_del + xrows d) - xrows_dd;
set(handles.edit2,'string',num2str(num_dup1));
totall = num_vupl + num_dupl;

per sl =(num_vupl/total1)*100;
set(handles.editd,'string',num2str(per_s1));



per del= (num dupl/total1)*100;
set(handles.edit3,'string',num2str(per_del));

%updte 2

num_vup2 = (num a2 + xrows v2) - xrows vd2;
set(handles.edit5,'string',num2str(num_vup2));

num_dup2 = (num_de2 + xrows _d2) - xrows_dd2;
set(handles.edit6,'string',num2str(num_dup2));

total2 = num_vup2+num_dup2;

per_s2 =(num_vup2/total2)*100;
set(handles.edit8,'string',num2str(per s2));

per de2= (num_dup2/total2)*100;
set(handles.edit7,'string',num2str(per_de2));

%updte 3

num_vup3 = (num_a3 + xrows v3) - xrows_vd3;
set(handles.edit9,'string',num2str(num_vup3));

num_dup3 = (hum_de3 + xrows_d3) - xrows_dd3;
set(handles.edit10,'string',num2str(num_dup3));
total3 = num_vup3+num_dup3;

per_s3 =(num_vup3/total3)*100;
set(handles.edit12,'string,num2str(per_s3));

per_de3= (num_dup3/total3)*100;
set(handles.edit11,'string,num2str(per_de3));

%updte 4

num_vupd = (num_ad + xrows_v4) - xrows_vdd;
set(handles.edit13,'string',num2str(num_vup4))

num_dup4 = (num_ded + xrows dd) - xrows_dd4,
set(handles.edit14,'string',num2str(num_dup4));
totald = num_vupd+num_dupd;

per_sd =(num_vupd/totald)*100;
set(handles.edit16,'string,num2str(per_s4));

per_ded= (num_dupd/totald)*100;
set(handles.edit15,'string',num2str(per_ded));
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%save data
save data_image.mat num_vupl num_dupl per sl per del num vup2 num_dup2
per_s2 per_de2 num_vup3 num_dup3 per_s3 per_de3 num_vup4 num_dupd per_sd

per_ded

%function Image segmentatiom

function [Object2 Objectd] = clustering(he)

cform = makecform('srgb2lab");

lab_he = applycform(he,cform);

ab = double(lab_he(:,:,2:3));

nrows = size(ab,1);

ncols = size(ab,2);

ab = reshape(ab,nrows*ncols,2);

%figure,imshow(ab)

%number of k

nColors = 4;

matrix =
[134.762898096934,136.132041874909;143.593329485191,151.987283091021;134.7248460
56207,130.320775156392;135.354485143884,118.731943726460],

[cluster idx cluster center] = kmeans(ab,nColors,'distance’,'sqEuclidean’,'start’,matrix);

pixel labels = reshape(cluster_idx,nrows,ncols);
segmented images = cell(1,4);

rgb label = repmat(pixel labels,[1 1 3]);

for k = 1:nColors

color = he;

color(rgb_label ~= k) = 0;

segmented _images{k} = color;
end
Objectl= segmented images{1};
%figure,imshow(Object1), title('objects in cluster 17,
Object2= segmented images{2};



101

%figure,imshow(Object2), title('objects in cluster 2Y);
Object3= segmented images{3};
% figure,imshow(Object3), title('objects in cluster 3");
Objectd= segmented images{d};
% figure,imshow(Objectd), title('objects in cluster 4');
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%function noise_live
function [circen cirrad area] = noise_live(Object2)
red = Object2(:,;,2);

red = adapthisteq(red);

%figure,imshow(red)

se = strel('disk’,4);

BW = imopen(red,se);

%figure,imshow(BW)

tic

[accum, circen, cirrad, area] = ...
CircularHough Grd(BW, [8 26],...
17, 22, 1);

toc

if any(cirrad <= 0)
inds = find(cirrad>0);
cirrad = cirrad(inds);
circen = circen(inds,:);

end



% function noise dead
function [BW] = noise(Object4)
%redl = Objectd(.,:,2);

I=rgb2gray(Objectd);
%figure,imshow(l)
BW = im2bw(l, graythresh()));
% figure,imshow(bw);
BW = imfill(BW, 'holes’);

% figure,imshow(BW);

se = strel('disk’,12);
BW = imopen(BW,se);
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%function type of dead cell

function [death celll=death _count(La,num,he)
cform = makecform('srgb2lab’);

lab_I1 = applycform(he,cform);
L=double(lab_I1(:,:,1));

a=double(lab 11(:,:,2));

b=double(lab_11(:,:,3));

featureMatrix=zeros(6,num);
LaBW=La>0;
B = bwboundaries(LaBW, noholes'); % Find boundary of each cancer cell

stats = regionprops(La,'Centroid’,'Area’);

death cell = cat(l1,stats.Area);

%x(swrite('death _cell.xls',death cell);

for k = 1:num
featureMatrix(1,k)=mean(L(La==k));
featureMatrix(2,k)=mean(a(La==k));
featureMatrix(3,k)=mean(b(La==k));

% obtain (X,Y) boundary coordinates corresponding to label 'k’
boundary = B{k};

% compute a simple estimate of the object's perimeter
delta_sq = diff(lboundary).A2;

perimeter = sum(sqrt(sum(delta_sg,2)));

% obtain the area calculation corresponding to label 'k’

area = stats(k).Area;

% compute the roundness metric

roundness = 4*pi*area/perimeter/2;
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featureMatrix(4,k)=area;

featureMatrix(5,k)=roundness;

end
for k = 1:length(B)
boundary = B{k};
plot(boundary(:,2), boundary(:,1), 'y, 'LineWidth', 1);
centroid = stats(k).Centroid;
end
%hold off;
set(gca, XTick',[]); set(gca,YTick',[]); axis image;



%compare of area

function [count b count s count n total new count b new total] =

compare(death _cell,area,num)

% compare

area_death cell = death_cell;
av_a = mean(area);

Max = max(area(:));
nozerocurrent = nonzeros(area);

Min = min(nozerocurrent);

% Parameters (default values)

count n = 0;
count b = 0;
count s = 0;

new_count b = 0;

for N =1:num
if area_death cell(N) <= Min

count_b=count_b+1;

broken(N)= area_death cell(N);

SUM =sum(broken);

newcount b = SUM/av_a;

%

new_count b = round(newcount_b);
% text(hnum2str(num),'Color!,'y,...
% 'FontSize',10);
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elseif area_death cell(N) >= Max
count_s=count_s+1;

else
count_n=count n +1;

end
total = count b+count s+count n;

new_total = new count b+count s+count n;

end
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Abstract— Death cells and living cells counting after cancer drug
treatment is a mandatory process for in vitro study to evaluate
the effectiveness of the treatment in cancer research. The
conventional process using trypan blue dye staining requires
expertise and it is time-consumed and tedious work. The aim of
this study was to develop a computer-assisted program that
counts a number of cells by using image analysis. There were five
steps to complete in this study; i) input image acquiring, ii) cell
extraction from a background, iii) noise reduction, iv) cell
counting and v) output with expert comparison. K-mean
algorithm was selected to use to extract features and cluster
objects in the images. Hough transform was also performed after
completion of k-mean algorithm and noise removal. The counting
results using our code had a greater number of both death cells
and living cells compared with the counting results from the
expert. The accuracy of death cells counting and living cells
counting were in range of 33% to 97% and 74% to 100%,
respectively. However, the process time was short, only 2-3
second per image. This computer-assisted program needs to
further develop as a graphic user interface (GUI) to make it
easier for users as well as making higher accuracy.

Keywords-Computer-assisted program, Cell counting, K-mean,
Hough transform, Apoptosis

[. INTRODUCTION

In cancer researches, the effects of novel treatment on
cancer cells have been studied in many directions and aspects.
One perspective using to evaluate the effectiveness of cancer
treatment is the identification of apoptotic [1]. Apoptosis is a
program cell death which particularly observed from cell
morphological changes. In general, apoptotic cell can be
quantified with various modalities such as flow cytometry,
morphological staining assessment [2, 3]. Regarding to in
vitro study, trypan blue dye exclusion stain technique, a
conventional method, can distinguish the differences between
living cells and death cells. The accurate result of dye stain
counting has to be performed by a person who has biological
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expertise. However, counting by this conventional method is
tedious and time-consumed.

Recently, image processing analyses and software have been
developed to help researchers to deal with cell counting such
as ImagelJ, DeathEasy Caspase [4, 5]. Furthermore, using
image processing analyses for counting purpose makes the
task easier and faster. Therefore, this work aimed to develop a
computer-assisted program that counts the number of cells,
including living cells and death cells, in a trypan blue dye
assay by using image analysis.

II. METHODS

In the process to develop a computer program for cell
counting, the steps to perform are input, cell extraction from a
background, noise reduction, cell counting and output with
expert comparison. Figure.l shows the framework of our
study.

Input (image)
Cell extraction from a background ]

\

Noise reduction

Cell counting ]

¥

Output compared with expert

Fig 1. Framework for cell counting in trypan blue dye assay image



A. Input

A set of digital images captured from a microscope in a
trypan blue dye assay were used as input of the process. Each
image contained living cells, death cells and background as
shown in Figure 2. The living cells were not stained to trypan
blue dye because their cell membranes were intact. On the
other hand, cells destroyed by the drug treatment had higher
membrane permeability for the dye to penetrate into.
Therefore, death cells were stained and had dark blue color.

Fig 2. A sample image from a trypan blue dye assay

The input images were captured in RGB color model [6, 7].
In the RGB model, each color appears as a combination of red,
green, and blue. Generally, RGB values are normalized and its
values are between 0 and 1. As shown in Figure 3, RGB
values are at three corners; cyan, magenta, and yellow are the
three other corners, black is at their origin, and white is at the
corner farthest from the origin.

blue |(0,0,1)

white /
| &

| gray !}'d e |green
—
/0.1,0)G

yellow

cyan

magenta

.
red| . black

Fig 3. RGB model

B. Cell extraction from background

In this step, the objects of image were extracted by using k-
mean algorithm [8-10]. K-mean algorithm is an approach to
cluster and determine the center of each group by defined
number of k. It is commonly employed and converged fast to a
local optimum. Briefly, k-mean algorithm performs the
following sequences

1. Assign number of cluster (value of k)
2. Assign a centroid of each cluster
3. Determine the distance between centroid and objects
4. Make a group based on minimum distance
5. Calculate the new means to be the centroid of
each cluster as expressed in equation (1).

1
(t+1) __
m; _S(t) ij (D
i xjes,m
Where m'"' is the new cluster centers, X. is each

4 J

observation which is a d-dimensional real vector and Slm the

number of samples.

6. Determine the minimum distance between object and
centroid and do objects clustering again.
7. Repeat task 5 and 6 until no object move from a

group.

In this study, we assigned k=4 to group the objects in
the input images. Figure 4 shows the result after using k-mean
algorithm. There are four clusters can be extracted:
background, death cells, edge of living cells and living cells.
Therefore, we used the cluster 2 and 4 to process for dell

counting.

b) Cluster 2: death cells

¢) Cluster 3: edge of living cells d) Cluster 4: living cells

Fig 4. An example of clusters using k-mean algorithm

C. Noise reduction

To do noise reduction, we used an averaging filter and 2D
median filter (medfilt2) to remove salt and pepper noise.
Furthermore, we performed morphological opening (imopen)
to remove small objects from the foreground of an image.



D. Cell counting

To extract features of images processed with k-mean
algorithm and noise reduction, we used Hough transform to
find shapes of cells [11, 12]. As presented in Figure 5, living
cells are circled by blue color and death cells are drawn by red
color.

living cell

e}

©)
] o
“death cell

Fig 5. An example of images after Hough transforms

E. Output compared with expert

The output of our code was compared with the expert who
has an experience in cell counting at least two year in order to
evaluate the accuracy of the results and the effectiveness of the
code. The accuracy of cell counting was determined as
addressed in equation (2).

Expert—P
% accuracy =100 — (m—iw x1 OOJ ()
expe

III. RESULTS AND DISCUSSION

The image samples of study were four images cropped from
one slide assay. After performing with our developed
computer program, living cells and death cells were detected
as shown in Figure 6. Living cells almost had a circular shape
whereas death cells had an irregular shape with different size.
In fact, apoptotic cell death has many changes in morphology
such as blebbing, cell shrinkage and cell fragmentation.
Therefore, the number of death cells should be carefully count
especially when cells are fragmented. In this study, we
determined an averaged area of a single living cell to use as a
reference area. We did area summation of fragmented death
cells and then divided by a referenced area from a single living
cell to get the number of death cells. The results of cell
counting obtained from four images are presented in Table I.
Our computer-assisted counting results had a greater number
of both death cells and living cells compared with the counting
results from the expert. The over counting of living cells
comes from the death cells which are in the early stage of
apoptosis and the appearance of noise nearby living cells. For

the death cells, the over counting comes from the fragmented
cells which might not be parts of cell but they were debris or
image background noise.

image original

Imag'e Al (input image)

image original
)

Image A2 (input image)

image original

=) &

Iage A4(i"i'1pu ig) Image A4 dutp ima

Fig 6. Input images and output images performed with
the developed computer program



TABLE I. COMPARISON OF CELL COUNTING WITH EXPERT AND
DEVELOPED COMPUTER PROGRAM

Accuracy | Accuracy
Image Death | Living of death of living
# Method 1 “con | cen cell cell
counting counting
Expert 33 36
Al 33% 100%
Program 55 36
Expert 33 24
A2 91% 96%
Program 36 25
Expert 34 37
A3 74% 86%
Program 43 42
Expert 39 42
A4 97% 74%
Program 38 53

The elapsed time for the processes since input step to cell
counting step was approximately two to three seconds for each
image. However, the elapsed time might increase when the
resolution of image increases. There are several concerns
using our developed computer-assisted program on the
accuracy of the results, for example the quality of the input
image, the k-value and the initial centroid of clusters,

IV. CONCLUSION

The outcome of this study was a computer-assisted program
that can count a number of living cells and death cells. This
study showed that k-mean and Hough transform were
effective algorithms to apply for this purpose. However, this
computer-assisted program needs to further develop as a
graphic user interface (GUI) to make it easier for users as well
as making higher accuracy.
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