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ABSTRACT

The number of somatic cells in cow milk is an indicator that demonstrates the quality of
raw milk and diagnoses mastitis in dairy cows. An estimation of the number of somatic cells under a
microscope is accepted as the most accurate method, though there are a couple of limitations to be
considered: 1) the results gained vary according to individual expert analysis, and 2) the process is
time consuming. However, those limitations can be solved with a machine vision system.

This thesis employed a machine vision system with camera-based image processing
techniques for segmentation and counting of the somatic cells from 20 microscope sampling
images. To do this, the somatic cells coloured with methylene blue were first extracted and analyzed
with algorithms comprised of the methods of image preprocessing using morphology and of image
subtraction. Next, the images were segmented by automatic thresholding in order to segment cells

from the background. Then, the size factor: f was performed to separate and reduce the

size

unwanted pixels. After that, the circularity shape factor: f and the region segmentation

shape
technique were applied in order to discriminate cells to single and touching cells. Finally, the
statistic process was utilized to classify whether they were merging or splitting cells.

The experimental results were compared with an expert analysis, and revealed that the
proposed algorithms could analyze and count the somatic cells in almost the same way as the expert
did, with the average accuracy and the processing time of 95% and 6 second/image respectively.

These results mean that the image processing techniques could be effectively utilized in

segmentation and counting the somatic cells in cow milk.

Keywords: image segmentation, somatic cells counting, circularity shape factor
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2.3.3 MNa RGB
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517 2.23 wannmsTavesuina (n) MUAURTUIAANAT LAY (V) T2025 UAUYDINT 1A
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= A I [ R v A [ 1 ~ o a Y o
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[ i
AUMTN 2.14 U3 ANTAINVOINTULNEIUMNAIBITNT TaveUT I aLVUBEAUNTIADAM

U

9 a a Yy &2 J o ' Y
ANV UUDINNEF LT WA Gﬁﬂlﬂuﬂﬁmﬂuﬂﬂﬂﬂﬂﬁﬁ%

P(R" U{x})=TRUE (2.14)
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WnaE NAULINNNUINA Tuaouds Iaeagll Uall
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(1) MAUATLILNITVEIIAINI 00T 19 (Growth) 1ag'laa1naA1ssauNnEan eI
Mmgavudagaga (Min(R.)- Max(R.))

(2) MUIUHINNEAE VAU Seed points 1INAIFAIUIUAT Min(R,) Tunn

(3) WnsaAnwakE uAUAUNNsaNogAnnuYIe lagsoulszauAINIaININY
[ a 1 Z}J I ¥ 4 a @
#3013 (8-Neighbourhood) 813 195 finisarmaniudluiiunns o U3 auAeIi U (Seed region)
9 ?zJ/ o ) 19 Yo \ 2‘; Y 1A . ?1}1
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@) Wuszauiinaas udwiesanguaa 11 qunduluviden (3) aundiszezmsla

E4 1
YOIUTNUA UFANTZAVNNIEA = Max(R,)

d Q’J [
2.11 Wﬂﬂ‘ﬂ‘lﬂuﬂ15'}ﬂ‘i$ﬂ$ﬂ1ﬂ
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msiaszeznnnganile llddnganils deeldlensulumsiaszeznieszninga
~ 1 = I a o (] A I 1 d A ~ A
gannandevszilunnadurianiotlumainals ¥ 2 nidi Ao [4]
~a 9 I aa T Jd A o
(1) ﬂimmau‘.mﬂu 1 4A 1Y TNATHIDTYN I
[ :{q'z [ 1
wiu Weddumsdasseene da2ldn d (x,y) = |x— y|
I ana [ o [
doyaiilu 2 4a wud e lutuanny x, y U

o x=(x,x,), y=0.,) Mnsulumsiaszeznie d, Ao

d,(x, ) =[x =% |+|» =] (2.15)
@ Id o 4 1 T ]
N1TIATSYLTNIN d2Lﬂuwai’mﬁnyimﬂlmﬂ1ﬂ’J13Jl,mﬂGINGUEJW%EJ%T]N‘J%W’JN

{ ' a 1 <
|x,— y, |1z | x, — y, | Tugun1sn 2.15 Gen1 520 MeLUUTAVADN (City-Block Distance)
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ihumsdaszeznanngaguinan ldigalas seuda waansuaasasgili 2.25
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1ngN 2.24 iesoinmsdadianiiu 1 luiiemaueunazuulae uaz laauiu 2
3 o 4 3 o o
Tunnuesyy Taeldauns 2.15 Wumsiaszeznialagdon esnniluwasinduysaives
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sz TUIUIURUIAZILIAY LaAIaN BT MITAAIg1IN 2.25

A
y
Py e e SN 9
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i — >
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319 2.25 Msnse YNV UTAVAON

Y I an { @

v E4
nsaindoyaiilu 1 1@ awnsnmszezmalagldaunisi 2.16 aail

d(x, )= %~y (2.16)
i=l

Ay I an Y = [ -dy
ﬂsmmmagagﬂu 2 4A i]%’t?ﬂlﬂiﬂ’ﬁﬁ%El$‘]/]NIﬂEli“]fﬁllﬂﬁ‘]ﬂ 2.17 A9U

L(x,3) = dy(x,9) =\J( %, =2, [ +| 7, =, ) 2.17)

46



A I 1% a a . . 4 o [
aunisn 2.17 Lﬂﬂﬂ']i')ﬂi%ﬂﬁ’]']iﬁ)’ﬂﬂﬂﬂﬂ (Euclidean distance) Lﬁ@‘ﬂ']ﬂ']i')ﬂi$ﬁl$°ﬂ'l\1

nnyaguinans lldalag seud nansdnbaznisassezniedagl 2.27 uazeg lanadns
HaneaIgn 2.26

Y=y -yl

511 2.27 MIMTzezNVeIaNNITN 2.17 HUVIFIYAAR

mImuIuszezMaggaan nsdinvoyadl 2 5 Tugnuunll ewnsaniszeznia
v Y
Tagldaunish 2.18 Aell

n

d,(x,y)= D15 =y (2.18)
i=1
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2.12 mifadezisrennunan

v v X o

AJa98313519A2NAY (Circularity Shape Factor) An ANLNUBNdanymz ili1ves
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I VoA (=1 [} = [ Y = a S Y [ 9 ] o
WNAY !“]J‘Llﬂ'l‘Vlvl,iJiJWu'JEJ UAUNINU 1 G]Nﬁ'liﬂiﬂ'uﬂi13Whlﬂﬂ1ﬂﬂ'l§f]ﬂellu'lﬂl’ﬁuw'lﬁuﬂﬂﬁ'lﬂ
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Y . o : Y o ! 2 o { o v
Tumeuvoudusou9 (Perimeter) A9aunan 2.19 d1iagiigdiraiurenan Sadndiuamla
J { [ { o Y
Tumenvesiunngns 4, =2, r=./4 /7 vazsaiinmuialalumounnuenseugl
wnay P=2xr, r=P/2r azliaumnu feo Iawnnu 1 [20]
319 2.28() uarngls1eanyuzYeINg 11azA1 Shape Factor ¥94IRHAI NATUIM

Y A A a s 9 o o '
vlﬂll'ﬁﬂﬂ‘laniTQ‘Vl 2.3 uazgﬂ% 2.28(N) UAAIWITINEDITNIZADIUINIATUIUKIAN Shape Factor

4r A,

f;’irc (l) Pl P2

(2.19)

Tagi
. A 1 IS Y o v A
£ 0 A1 Factor vedn i Ingnisnavaaun (i)
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P fe anwensougiaineaa luan

I:’Ireal

(M) aNBACAMANHULIAY A, P (v) 3131990 quuDa19

311 2.28 dnvaizginaveTnguuua1e [21]

Y
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MM319N 2.1 MIAIAA99831/513 (Shape Factor) ¥o43ng Tugin 2.28(v)

Blob. Number Circularity Shape Factor Area (Pixel)
1 0.31 6561
2 0.40 6544
3 0.98 890
4 0.97 6607
5 0.99 6730
6 0.52 6611
7 0.75 2073
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2.13.1 AuDAYDUANN (Arithmetic Mean)

{ d' Y o d' d‘ o
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n
1 v v v
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2.14 MIMUINMNAUANHULIANUDIING
o Y A &9} v & [
ﬂszmumimmmgﬂﬂ’mq‘wauli}@aﬂmﬂ‘wuwmnJuﬂizmumiwuﬂummmmu
A o (J o Y 9 o v 3 Aaw o A < 9
DN LllEJ‘V]'lﬂ13G]ﬂU,Elﬂﬂ'lW’W]iﬂﬂLm’]i]ngﬂ'lii]ﬂLﬂﬂWﬂﬂ‘llf)\?ﬂ'l‘W'N]‘QIﬂﬂla@ﬂgﬂllﬂﬂﬂ'ﬁlﬂﬂi’ﬂ
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UANMNZ AN T992INIMINUANYUZIAUAIY (Feature Extraction) Yoduaazingniiog]
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F4 v
AN MIAUIUMIAUANHULIAUUN0619 @150 18 1unTZDIUNITTZY WU (Connected
k4

. ' o g o o A o S & 4
Components Labeling) 11 NIATUIUHINUN (Area) Tagm syt uIunnsagy M unui

9 v
YoIIAYHUY MINIANNE1ITOUTUTAY (Perimeter) TAoMIUBTILIUTINIFAVDITAGATUNAR

k4
T A (2

IS @ ] o [ ' Y 1% .
pgnuiunas ifudu Aedumsmuiugudnuziauvesing naaangii 2.31

D
L] IIT
0l
i

Area = 8 Pixel Perimeter = 22 Pixel W = 5 Pixel, H = 4 Pixel

[

231 MUanyUIAUYRINgIUAI T

=-

31
ANANHAUZIAUYDIINYUNEN v a T landsnininm ldriunszuaunssgy
dy A g Y @ 1 Y dy = @ 1 = o Yy
WUNAT I VYUANHUZIAUIZADING 1WVINANUNVOIAGNOUTIVZAUIN TR 15U N1TH
A1 Circularity Shape Factor 4997019 MINUNATINAY (Average hue) N1THIAITEAUNNITAINAY

I
(Average intensity) 111 fu

Bl =rea of the particle (Ap)
. diameter of circle of the same area
= perimeter of the particle (Pp)

o circle with same area as particle

Shape Factor = (4* p * A)/ Pp*

319 2.32 MsmuIuMIAMANYALIAY Circularity Shape Factor: CSF [23]
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MM 2.2 AYUANHULIAUVDIINY

Blob. Number Perimeter (Pixel) Area (Pixel) Circularity Shape Factor
#1, OBJ.1 516 6561 0.31
#4, OBJ .4 292 6607 0.97
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1 L g 1o A o ' @ ?1}1 a
AuUANYUIAY” (Feature Vector: FV) Gaflusidunuussguaniialszswaaz faguine auua
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(V) M F,(13) voamwnneay 13
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M31N 4.1 vansdauazmuugaanyusal (F, (10)) veaiaglunmmuneay 10

Object No. Area: A (Pixel) Perimeter: P (Pixel) Object Kind
k1 2982 219 Somatic cell
k2 2512 198 Somatic cell
k3 2933 215 Somatic cell
k4 2077 187 Somatic cell
k5 2304 216 Somatic cell
k6 2507 191 Somatic cell
k7 6962 371 Somatic cell
k8 2259 232 Somatic cell
k9 6823 421 Somatic cell

k10 2285 301 Somatic cell
k11 763 100 Somatic cell
k12 2623 215 Somatic cell
k13 2716 204 Somatic cell
k14 2101 180 Somatic cell
k15 3160 227 Somatic cell
k16 3572 269 Somatic cell
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M31N 4.2 Hansdauazmuugaanyuzal (F,(13)) veadaglunmmineay 13

Object No. Area: A (Pixel) Perimeter: P (Pixel) Object Kind
k1 2622 207 Somatic cell
k2 3594 232 Somatic cell
k3 3893 299 Somatic cell
k4 3273 223 Somatic cell
k5 3023 227 Somatic cell
k6 674 126 Noise
k7 3141 216 Somatic cell
k8 4929 270 Somatic cell
k9 2310 185 Somatic cell
k10 1297 145 Somatic cell
k11 3220 309 Somatic cell
k12 6704 385 Somatic cell
k13 2970 245 Somatic cell
k14 204 124 Noise
k15 2694 223 Somatic cell
k16 2541 211 Somatic cell
k17 2486 208 Somatic cell
k18 8366 819 Somatic cell
k19 3775 247 Somatic cell
k20 78 30 Noise
k21 2526 232 Somatic cell
k22 3040 222 Somatic cell
k23 3092 225 Somatic cell
k24 3490 288 Somatic cell
k25 2972 220 Somatic cell
k26 3830 240 Somatic cell
k27 2560 205 Somatic cell
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The 1D graph shows the Ohbjects Feature Yectars [Area)] for Rule-Based Classifier.
Moises size: 1,... 752 pixels.
Cells size: 763, 14512 pixels

z0that the Area size for cells separstion is: == 763 pixels.
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Avrea Size of each Objects[191] from 12 images.

(M) ATNUAAINITNTLDIBVDIANMANHULIAY Area: A,

The 10 graph shows the Objects Feature Vectors [Perimeter] for Rule-Based Classifier.
a5 Moises size: 4,...,156 pixels. _
Cells size: 100,.. 819 pixels.

=0 that the Perimeter for cells separation is: == 100 pixels.
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Y o o o 1 - " a
31N 4.3 Hamsdauasmuuguanyazey (F,(13)) veaninesad lsnan nuenay 13

Object No.  Area: A (Pixel)  Perimeter: P (Pixel) Soie 13) Cell Type
k1 2622 207 0.768 Single cell
k2 3594 232 0.838 Single cell
k3 3893 299 0.545 Touching cell
k4 3273 223 0.828 Single cell
k5 3023 227 0.736 Single cell
k7 3141 216 0.8463 Single cell
k8 4929 270 0.851 Single cell
k9 2310 185 0.849 Single cell
k10 1297 145 0.778 Single cell
k11 3220 309 0.423 Touching cell
k12 6704 385 0.568 Touching cell
k13 2970 245 0.622 Touching cell
k15 2694 223 0.678 Single cell
k16 2541 211 0.720 Single cell
k17 2486 208 0.721 Single cell
k18 8366 819 0.156 Touching cell
k19 3775 247 0.776 Single cell
k21 2526 232 0.588 Touching cell
k22 3040 222 0.772 Single cell
k23 3092 225 0.767 Single cell
k24 3490 288 0.526 Touching cell
k25 2972 220 0.775 Single cell
k26 3830 240 0.838 Single cell
k27 2560 205 0.761 Single cell
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1D Graph for cell Type Classification
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The 1D graph shows the Cells Feature Vectors [Circularity] for Rule-Based Classifier.
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[1).Boundary Objs. for FY Measurement [1].EBoundary Objs. for FV Measurement. [2] Separate consider to Merge and split cells

[1].Boundary Objs. for FY Measurement [1].Boundary Objs. for Y Measurement [2]. Separate consider to Merge and split cells

[1] Boundary Objs. for F/ Measurement

[1) Boundary Objs. for FV Measurement. [2) Separate consider to Merge and spli cells
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[1] Merge cells Statistics. 46 Record.
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Merge-Split cells Statistics. 70 Record.
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14 18 3 0 0.857 1 7.410
15 10 2 2 0.833 0.833 6.765
16 16 2 0 0.888 1 6.259
17 7 0 0 1 1 5.104
18 8 0 0 1 1 5.086
19 15 2 1 0.882 0.937 6.290
20 18 0 0 1 1 5.512

ANRde (Mean)  0.958+0.05 0.923+0.15 6.503+0.97

105



Y
ANMIAALINNINETAE TFUIANAIITUADUITAT A TIUNIN NI ANANINIFATOON

y v v o ' " v o v " a 3
NINWUNET MIAauenuazTwunnguesas IngldanaanyasIAUY0ITas [9u1AN §111506A

)

" a P % a a
ueniaa lamnan lagnaeslumauaing dag 1dvinisz@nsnn Recall naz Frn naasluais

4.5 19U AINHIGIAY 08 UAT Recall = 1 HAAINANITAALENAINAIZLN 4.23 Tiie11931 Nl

Y

Aa A ] r{:’ 1 v %
UszANTAINYDI Recall 0g lUnaaa 151 MWHUIGIAY 15 WA Recall = 0.833 1AAINTUADY
an 1% J* a ] @ 9y A yA 13 4
W lumsananaad lswnan ldaansaananinesnin laawidisermyszyintummasad

Aa o o A Z; dy A ?x’/ E Y ad
TAnuaaIHan1TAALINA3UN 4.24 19101911099 INTUADUNITIATINNINAIBITNIS
. . 9 = 1 @ d [ Yy 1
Morphological operation 1agl¥vu1aves SE Tau limuzaunuammaaduianin vl la
o % H Y 2 ! £ A o v
AT ANANINFAS IUTUADUN TS Threshold 0onu1la Hazanqdnod1anilaniii g

a a [] aZ, (% I ?z}/ a
‘lJiVﬁT]‘ﬁﬂTWﬂl’EN Recall ag“lummmm ﬁ’[‘] N'ﬁfﬂiG]@L!ﬂﬂﬂ1WLcﬁaa17lh1¢9]}i]1ﬂGUu@®uﬂ'liWinimW
P ' A v Y o a = P v ' v Ay
mn-uﬂﬂmwwaaiuﬂqm%aamﬂumﬂaaﬂamu ]lﬂNaﬁ‘W‘ﬁﬂ1iLL8ﬂ-i’JiJvliJG]§\1ﬂ‘UT]@!‘lffl?“]ﬂﬂlu
v oyaA a Y q 7 o "o Ak a ] 7 v R A
321 U @l“leJ"JGIﬂiUuWi]'limula’)clﬁl,“]mmLﬂﬂ@'ﬂﬂfﬂWﬂﬂu Lmﬂaﬂ@ﬁ‘VliJWi]Tim'ﬂ’ﬂL“]faai’)Nﬂu MY
o q Yo A= ' o % Y Ay g 7 A
Na‘lﬂ'lel'ﬂf)aﬂf)i‘lflilnli]’fﬂll1iﬂﬁ'ﬂ@ﬂ1WLC]5ﬂﬂ’E]'ﬂﬂ1ﬂUlﬂG]iQG]’liJ“Vl@Lﬂfﬂ?%?iyi&’lp%ﬂulcﬁﬁﬁicﬁhWIﬂ
o Y Aa A K A 'o SId' Y ) A ds@’ =
ﬂTiWﬂTﬂi%ﬁ%‘ﬁﬂT‘W Recall 33UA161189 @L%mmmﬁmizuuazuummm‘w UUUDN UFAINANT
U U d' d' = o
Aauenaaglin 4.25 nazgin 4.26 1 Recall = 0.875, 0.857 AW
?z‘./ [ 1 o 1 L) 1Y 4 a
i]'lﬂﬂlu@]’f]uﬂWiﬁ'ﬂ@ﬁ")uﬂigﬂﬂﬂﬂjflﬂlcﬁﬁﬁiuﬂq‘nlcﬁﬁﬁﬁﬂﬂu Lﬁ@ﬁl‘lgf}Wi]'lim'lﬂ1ii'JiJ

HENANITARIUNTNITANANANYIZIAUYedusZReL (7, ]

vue.» Loy MWOTITZIENN Dist)

o o A ) £ P v Yy a o '
ﬁ’liJ’liﬂ@]ﬂllﬂﬂL‘ﬂfaaI"ﬁN’l@ﬂIﬂflﬂ’lWi'nJvlﬂQﬂ@@Q&lﬂalﬂEl\iﬂll@&“]fﬂ')“]ﬂﬂlu INNITAUATICUIINA

a1 3

U5z ANTNINVDIDANDI NI WU AN INLAT Recall LA Precision (10U AD NN 1 195U

=

MUKIB@Y 01, 11, 18 tag 20 Laaddl sanosnuianuansalumsdanenninuaziivesas

Tanan laas s uiungied9yszy 119nIniia1 Recall 1ag Precision 1ndiAeanu 4y nm

=

NU@Y 02 1IN0V 0.962, 0.962 LHATHIIBIAY 13 110U 1, 0.961 MUAIAY LAAIINSANDI NWA]

v
[ 1

@ o " a Y [ 9 A =
ﬂ’ﬂi\lﬁﬁﬂiﬂiuﬂh'@ﬂllﬂﬂﬂ1WLla$uUL“HaaI%ﬂJ1ﬂﬂulmﬂmﬂﬁlﬁﬂuﬂﬂwmfﬁn"]ﬂﬂj LA UNNINUA

U )

Recall 11a% Precision #1849 1¥Y AIWHUE@Y 10 191101 0.937, 0.833 1AL AIWHUIGEY 12 1N1NY

v

o w a a 1 PPN 9 1 [ 9}d‘ Y

1,0.333 MUAIAD 1HA9INNT AT AT IN-uenngusaanaany e liasanudizedsnag Taeld
ax a Y dy d’ v A -d' é =1 A ] [ 1 [

’;‘ﬁmiwmimwmﬂﬂgwugmmammﬂau% (uN15N 3.4) cmumm"luﬂﬂwquﬂumﬂmaﬂymz

U A o o Y v oA 4 a & A 9y A v oA A

mumﬂuazmuam"lﬂmﬂimuWmmammmaahmm HANWAITUIVUNIDISAUNNLYAN
] o o a v Ia o Y

vanvate uaz ldaiuane sildwanisnasusiu-uennguisadannu ldwanisiu wag

A2 iasnudTe1s

U g

106



a o o o a 9 z’/ as Y A = Y
g‘lJ‘VI 4.23 N’d‘mi@]ﬂLLE’JﬂLm%um%ﬁaicﬁlﬂﬂﬂﬂﬁﬂﬂluﬁﬂuﬁﬁizuﬂﬁﬂﬂiﬂﬂﬁﬁlﬂ? Mmyuny

M3 TaodiFonmyszyR1e9aduas NIWHLIBIEY 08 TiA1 Recall = 1

a o o o a 9 z’/ asy Y A = Y
g‘lJ‘VI 4.24 wamsmmwmmzumwaahmﬁﬂmﬂmumamﬁizumﬂﬂiﬂummm myuny

msinTaediFernnszyaiegaduas nununo@y 15 A1 Recall = 0.833

107



©

a o o 3 a 9 2’, asy A P @
3‘1]7] 4.25 N’dfﬂi@]ﬂLl,f.lﬂl,l,a$um%aaIGNJWIﬂﬂ’)ﬂmuﬁﬂuﬁﬁizﬂﬂ’)ﬂﬂiﬂﬂﬁﬁlﬂ? Mmyuny

q

ISl

msinTaodiFernyszyRe9a Tiuas MUY 04 JiA1 Recall = 0.875

Y

a o o 3 a 9 :’/ asy a A = @
3‘1]7] 4.26 Na‘mi@]ﬂllﬂﬂl!ﬁ%um%ﬁﬁi%lﬂﬁﬂﬂ’JEJ"lJuﬁﬂuﬁﬁizﬂﬂ’)ﬂﬂiﬂﬂﬁﬁlﬂ? Mmyuny

Q

msinTaodiFernnszyae9adiuas MUY 14 JA1 Recall = 0.857

108



4.7 agl
Ay H anAy Y o o A= ]
Tuunil lauaaanamsnaassnuiuaeudIsn laeenuuy uazmsnameanes nu 1
% ) o* a Y A ?1‘1 as Y Z/ ~ =)
INFaAALENLAZ T UTINIWEAa 1su1an 18 1 6 TUABUAT 1AUA YUABUTN (1) NTIHITINNIN
4 % 4 ¥ [ o 1 4 % 1
1598 (2) ATAAUINAMNIYAADONIIANUNAA (3) MINUUNNYULEAA (4) NITAALINNINNQY
A [ @ ) 4 [ Aa A @ Aa K =\ 9 9)4'
EaaAanNU (5) NMIUVNUIULLAR LA (6) mi’mﬂimmmwmmaaﬂaﬂmmmmu@,wmmty
Y 9
ldnaagminaasudazTunousaae Tl
?1‘1 =\ =\ A 9y a s @ 49{ A
FUADUMTIATOUNIN MNLANVAN AT JAUT DUV VM WHFASNAUTAVY 11D
A a 1 [ =y F) I
WosannsmaaTaunsuveann nud jUswvesnslanyuznsnIzIIeveIvoyanImily
A =< o SIZ}J [} 1 9 Aad o = ] [ A
HUVYUIOAD0A FI92 THTUADUMITUUIAIUNTNAIGITAHUAMUAULNUUOA TUNA
ANNTAIANINIAF 1A 0NN T
?1‘1 ] 1 YA o (= [ -] o [ 4
JunoumMsuaaIunn laelssmsmruamUaulen Jula ausoanan1nan
dy [ 91& = dy ~ 4 Z‘J [ a dy ~ ~ [} [}
2ONINNUNAA A FaTvIaNUNUUTAS AU 763 - 14521 Wna taziunysanInn luly
9 k2 [
Iad JUUIAATLA 1 - 752 inwa Fmsiuuniagaeninudnyagiau Ao vuiaiuidagus
I 1 4 o v a 1 -
poniilu 2 nqu Taeldnaaimstwun £, =763 finira LagaunNquATMAITUNIUDBNINATN
P I W H 2 A A /A o o o o
18 mvadnaauen 18 luaduneuildl 2 1oy fe adine) uazisadaany A9 1UNAINITAIA
1 o* 1 [ 1 [ 1 4
nquiraa laelHa11Ta9031)519n21na1 (Circularity Shape Factor) iy 2 ngu 'l Ingldinmai

TV ULUR =0.678

shape
1 ) [ YA ] U Ay ci .
mMsugndIulsenevvessaaaniu Iaal¥ITnsuLaaIuNUN (Region) 111501480
[l 4 9 1 Aa = = dy @ 9 [l
AulsznovuoImINEas laun Handed taz ly Inwanady sonnnurad lded vz ay
4 o [} ) 1 [} 1 1 l 4 o 1 J
WerhmsiauazmuiudmnuanyazauveaazdiIulszno Ui IUIMMIA LN M (Value)
aa 1 J 4 a J 4
A18NTZUIUNMITNIADA Annaatinel9HITUITIN-uenada 10N Ug1U (Rule-based
. 2 P v ' v YA A ) o
classifier) W lawaansn 135 am-uen lasenudidersngluuisnm Ansan ldeinmsnizaedd
] o VoA Y} v o w ~ ° Y] o A o ] o o
YostoyaguanyuzaulnIFounuiu aegili 4.22 i ldmsaatenisadaanu lanaawsy
a % = (9 Qldl a -d'
Aana1aluu1en I mamsaauensadiiounudFeny s an 1a Tuased 4.4 uaz 4.5
@ a Aa A 1% a R Y o = o YA
msiutazmsdsziulszaninmvesoanesnu lasiimaSeuieunudizermoy
4 I [ @ @ P @ o
motlumsiaanuannsalumsdatentiaz MU NEaadd lanaasatuN NS IUIU 20 AN
1 ] AR A Aa a = o o Y Y A ]
NNTNAABY WU 6anos NuNUTZANTNING e Tadauenuaziiusas lalndifeeny
= =

HiFe291y IA1AWgNADY Ine5IN 95% 1lsz@nsnmvessanes iu Annusean nazaiaw

] ) A o W E) a =]
uiud Taemae 0.95, 0.92 auaiay Iaglsnarlunmsdssuianatlszua 6 Junaenn

109



a
UnNns

Y
Uﬂﬁ?ﬂl!ﬁ%ﬂl@lﬁuﬂl!uz

dy v = av 9 ) @ Qld' Y o a v dy
°1uumunanmuma§ﬂmmmni}Ejuamamummzmmu@mmmimmm EJ‘L!UhJ

9 a A [ 1 = = [V ] dy
v enannae 1l U5 1eazideadans 11l

5.1 unagl

e

Aauv A

I o ?z}z a, { @ a ¢ A (%] @
et un IR ueeuIsRlFNUTTUUABNN AR DM TAALEN N INLAZ Y
o o a 9; Y 1 a 4 kY] o o a 1
Suaa lguan luiiuy Ialdaiuisasie lumsiasigvinaziudivivsaa lsuanun

9 Y a o y a A Y an Y @
Averngla madsziiudnwad lsnanluihuuladre35ns lsndosganssmi lagasa
Y

& a ¢ o 7 = Y v v 4 o a @ 7 o
HU i]glflJ‘Llﬂ'li’J!ﬂi'lgﬁl,l,a%u“UIﬂEJiJlalHEJ FIVEADITINADUNDNINITUAITIEHHNINLBAALAS U
o s dy A T o ' o 1 a Y Ao @ 1 9; o A 9
mmumaauuwummuﬁ”laﬂhlnmmw 10 UIAIU DIUITUIUAIDI N UIUNITUIUNINNA D
a 4 o y a 4 1 o : a a J
AUANTIEN mwﬂﬁlﬁaaﬁ’mwmﬂm m@mmgﬁawmsﬂumimam “?\‘]ﬂﬁ]l,ﬂﬂﬂ"]'lllﬂﬂwa'mﬁ@

A S Y o a =R dcilé o ] Y
ﬂ'li'J!ﬂi'lgﬂll@] ’E]ﬁﬂ’é]i‘i/lil(luﬂ1§ﬂ5$N3ﬁNﬁﬂ1WLcﬁﬁﬁu FIDTUIYAITUTSAIN llag‘lﬂﬂlﬁ

J

Y a v o Y1 s A g @ a
AiFenyannsoingitagiuinuead ladonazsiaE wedluilse Tesilumsdsyiin

U

Y
asmmiuutaz taneda Isaduusnay

q o

?z‘; ax @ @ " a ) ZJJ Y
GU‘LW]’E]u’J‘ﬁGl,uﬂ15¢]ﬂl!‘(’lﬂl!ﬁ$uﬂlcﬁﬁﬁ1“m\l']ﬁﬂ Usenaunle 6 Tunou Ul@]l,l,ﬂ

a d a Y 2 v A~ A A
5.1.1 ﬂ1§!ﬂ‘§leﬂ1W!“}fﬁﬁi“}iN]ﬂﬂ luﬂlumuu %z"lﬂmwmumma‘waﬂmmmmﬂ

[ o

a [ YA 1 9 Y a s
szavinragnliuliGeumuvuaveniieIasaase (SE) 18U naveumwwaaniausa

9 ]
= v A v oA o

2 o [ a v 1 4 1
VUMNNUNAITTZAUNNEaa1aw110a <07 M IFRaANUIANA T EHINUBUMWYAT A UNY

9
= A

ANV 1WoNT NI WEFA TAunIuveIn M Wi JUs1UeIn NN YMEMINTE I8V

Y I 1A . = o 9/?1‘/ o 9y ax o 1
Poyan i uuLUgHIoADI89A (Bimodal) H#I9L IHUUABUMTULNEIUNINAIBITIHUAA

VALUILUDA TUTATIUTOUIN NN AE TR0 IH NS Tl
|l U ?, dy I [ 4 é’ [ 9
5.1.2 MIUVITIUMN VUAD U UMTAAUSANNWIFAADDAIINNUNA A28N1T
o T A ] [ wa 9 axy = [ 9 1 1
MrUAMTALLIUUER TUITAA18I5M U0 10T d11T0AALINNINIYAE 1708 1IHUIZ A 1

o [ A q s A A ]
da1l51ngingn lulswadvsedsunaveglunm



v 9 Y v
5.1.3 MIAAUENMNWBAAUAZNITMIATITUNIY VUADUN dI1ITOAIIATITUNIY

A

Y 2 Y " a & ya o o < 1 '
lanaduazmunzaunsludnmaad laanan d91d1935mssmuniagesniu 2 nqu fie nqu

S
(2 1

' F4 v Y J k4
IFAALAZNANTITUNIY IFAFHUUIANUN AaUA 763 - 14521 Anta A9TUNIU TuIaiuh A
a o Y 1 1% 1 A dy A @ < 1 I °
1 - 752 Wnkra gRILUNAIBMIRUANEULIAY AD VUIANUNYDITAY 1 uA AU TUNITTIUN

—_ a o [ I 1
... =763 W aunsaswuningoomily 2 nguld

oA

o d ?ZJJ 1 o '
5.1.4 ﬂ1§i]1l!uﬂﬂtj31!"lfﬁﬁ Gllu@’f]uf! ﬁ?ﬂ?iﬂﬂ'lllﬂﬂﬂ@ﬂl%ﬁfﬂ@%} Iﬂﬂ MNLBAANAALLYD
Y A = Ia [ v o [ 1 9 Y [ 1
187 2 uuv Ae wadiAen wazadaanu MTuunaINIatanguisad la lagldalasegalsg

A31UNAN (Circularity Shape Factor) HAunaa lunssun j_i =0.678

hape
U da [y ?z}./ dy ya 1 a Y] 9
5.1.5 Maaaugntsaanand UL UU GI,GH'J‘ELLEJﬂﬁ’Ju‘]Jigﬂﬂﬂﬂlﬂﬂlcﬁﬁﬂ@ﬂﬂu@ﬁlEJ

Y
CY

F4 1 v
TUABUITMTUUIAIUNUN (Region-based segmentation) FeansounendIudsznouvesnIn

4 Y 1 Aa = = dy [ F) o [ o 1
51318 ]‘lﬂllﬂ AN LLﬁZUlGIfIVIWﬁTdclﬁJ ’E]’E]ﬂi]']ﬂwuﬂﬁﬂllﬂlﬂiﬂgﬁﬂ HAgNINITIALUASATUIUAN

[

v ' U o o v 4 an
ﬂmamelmzmusumLmaz’muﬂizﬂaummmmmmmmmm (Value) @sljjﬁlﬂigﬂ'JUﬂ’liVlNﬁﬂﬁ

d' 9 a Y dgl . [ [] 1 4
e leluns s IIN-uenyada 28N WugIY (Rule-based classifier) @Iulnguiiausaa

L)

'
[ v YA =

a @ { a 7’ A ] a o
annu ldasanudiFernginsgd # liesanudiFerngiluuenm meaenninszaeaIves

Y [ [ ~

= 9 v v v o Y v Y 1 [ Sld'
VOUANUANHUSIAUUNTTVOUNUNU ANDINN 4.21 VI'I‘IWﬂ'li!l,ﬂ\uclfaaﬂﬂllﬂﬁiﬁﬂﬂ@lﬁ]ﬂfn“ﬁ’lﬂlu

a A @ Jd A v YA Y Ci
'ﬁ’liJ’liﬂf]l‘]Ji$ﬁ1/l‘ﬁﬂ’lWWaﬂ’lﬁ@]ﬂllﬂﬂl“ﬁaalﬂﬂﬂﬂUWL%ﬂ')“}f’IﬂJhlﬂgﬂ'lﬂﬂ'li'l\‘]VI 44110 4.5

U

a v

U a a Aa K Z;} g Y o
5.1.6 mavunazmsdsziiuilszansmnuesdanasny luvuasuil 1dviing

a R [ 9}dl 1 {

= (%] % % Aa K = a a =p=| %
nseumeunanstiu Tagoanes NUAUATEIXIY W1 danos nulscanimmnaansoda
™ Y A v Y A 9 M A a
uenuaziiuwas 1a InaneenUAFe99 IA1A1NgRARY TAsT 1NN 95% sz @nTninues
] == a0 = 1 ] o = [ o o )
anoINY UAINNVIZAN LaLAIANULLUG TAgmasmInNy 0.95, 0.92 auaiau lasldnailuy
mMyszunanallszana 6 INAN
A a a @ a KR o @ o a Jq Y
M3UT2UTaANTNINUDID AN I NUNITAALIALALITUNINITAS L5u1An 16 I
9 A v a ¢ a > v A
¥ iya1unis iasiznuazdsziugamwiiunla naaeslya “ssuvlsziiu
a a [} o a [} a 4 o % [y
Uszansmwmsiueaa lsunan lagldoanas nu? iensfssumeunanisdauenuaziiy
& A Y AR o A P o 9 A 99 ¥ I3 a
AMNEad lyan Iagdanes iy NUMIIATIzHIaz iy Taediserny 18 1anumua szl
] [ 9 =1 Y 1 A = =\ <
ANVAZAINUAIBABMT 1F1U TANUYNdeId1Fne UANsIAE Tumslszuiana uay
] ) o =\ ] o 9 o Y o
szvvansasglumsaivayulumsiinu Inmswedlunuying uazveuuzii lnwamn
Yt A 2 Y 1w A = ] ° v
sepulinanuansai vandu laun danesnuliaunsoraula luannuiadenuanin

=i ' o Y v XK a d 9 I 9
Manawnuld awnsotiuiinnamsimaiziedluglvesgiudoya itudu

111



9 a d' %) ca' a
5.2 YotauanUzHazHHIAMNMINAH UNAN] U MR
Y '
119115 NAad Yszaninmnlagsiuussiuasu I s aueaIuITaaaLentaziiy
o a Y~ ] 9}d' 1o a9Y Aa a 49! T ?1‘1
iad ly1an 1a InainesnudiFedeg uandiliveAanatauislsgnisinatiulusenitstuaou

' A o 2
#1149 mmmmﬂmmqmm"lﬂu

9 v
4 =

Tugpumsttaaiun I Iag g5 fruamU AUl a NI aUeNNINEEaa 00N NN

v Y o & v 1 [ F2 A Y1 A 1 1
waq"lﬂﬂmmzaucluimuwm !,m‘]JNﬂ1W1Mﬁ1n1iﬂ¢]ﬂllﬂﬂ@@ﬂh11ﬂ Lu@iﬂ1ﬂ1%ﬂ1ﬂlﬂllﬂﬂﬂ1

v A

= ?zJ; o ] @ J a dai} o A Y A [ 4
AYINMININ °I/Iﬂﬁﬁli\l’é‘ﬂll15ﬂ@]ﬂLLEJﬂﬂ1WL%aanlﬁmwuﬂaQ%N§$ﬂUWﬂl,"]faclﬂmﬂENﬂ‘]JﬂTWLGh'ﬁﬁ

Y o @

A o ' v 1 1 I 1

'J%ﬂ'liﬂ'lﬂuﬂﬂ'l%ﬂllﬂﬂﬂa'lﬂ“]ﬂ'l w’%‘aummwaamﬂumuq LQIAALYINDIVISTINITDAALLYN
J dy [ Yy A yas o JY ad @ V9 Y

ﬂ'lW!%ﬁﬁ’f]’f]ﬂi]'lﬂWHﬁﬁ\?llﬂ ﬂiﬁ]'ﬂﬂa@Qi‘]ﬂ‘ﬁﬂ'ﬁ@]ﬂlwﬂﬂTWL"]fﬁaﬂ']ﬁlﬂ]‘ﬁﬂ'lii]ﬂﬂquﬂl’f]ylﬁﬂﬂﬂ

an . . 9
25M15U89 K-Means 1182 Mean Shift 11 uay

[ 1

a [ 4 ' o ] o
Amslumsaateniaaseaiguanyuzan luuen s igunsoaunimead

A A o A

1 1 s A A A U [ o a
woynseingh lilywaad niedslasuilunizliwvinaluguivuaveusad lanidnesn

E] Q U

Y o q ¥ A a o AR Yo o A A Yo
fl]'lﬂﬂ'l‘Wvl,ﬂ mﬂwﬂimmmmaaﬂaimnmm ﬂ?iﬂﬂﬁ@\ﬂ‘]ﬂ@]'ﬁ]'ﬂluﬂ‘VliJﬂ'J'liJff'liJ']iﬂbluﬂ'liqi’i]'l

[ A [l [} Y] 4 ) A 9
gisrmazvamaaniva ldmivew vazdagous Mludalasuuluainla
?1‘1 a 4 1 (d‘Q [ Yya =1 1
TUABUNITNIITUINTIIN-Benadnguisaananny 1935 sufSeuieunn
4 o s

@ 1 1 P N \Y dy U @ Y
AuanvazauvesdIvlsznoumaaiuenld drengiugiienisaaduly vdiudald

q LX)

v ] v YA A U @ 1" Aq Y v 9 I 1
waawﬁ”lﬁ'"lumqﬂ'uwwm%mmmmﬂmﬂmaﬂﬂmzmumlmm %@Mﬂﬁﬂ?iilh-tlﬂﬂ!%ﬁﬁhﬂ11h

v o v { o J J v o . 4 1
mnzauiuguanyuzaunialaua luagesad 2319 Aa9wun Classifier LUUDUA 15U Neural

I Y A = 9o ' P ' /A o A
Networks 5lud w3oliimsgigdunvvesdivilssnovveusad lunguisaaaany men1s

wunae 1)

112



UIIMIUNIUN

o3y Sundqu, mistiumad Tswndn TurnuTa Tao 19ndaaganssmi (online), 2544,
Available: https://vet.kku.ac.th/aran/data/ clinic4 2554/03 DMscc2554.pdf,
(18 NYBNIAY 2556).

yna Bunsdan, wna Usenuudl, gna quadad, uaz lvedssa Tmuduns,
“manfiouiouismsann 119 lumsaieseTsaunsnauvealauy
NsmsumInedeinga, 10 12, w1, wih 13 - 26, uns1am 2552.

EJ%I‘EUU Wum%'qu, T‘b’iﬂﬁﬂ!‘b’ﬁﬁ{(online), 2552, Available: https://vet.kku.ac.th/aran/data/
clinicd 2554/02-SCC%202552.pdf, (18 WHHNIAN 2556).

auu ﬁi’ﬁﬂl ﬂ?il/i&’il?ﬁﬁlﬁﬂ?Wﬂﬂ@@ﬁ‘?]”ﬁﬂ NIIANN: NW'I"J“I/IEI'IQEIWI?]THIQEINW'IH?]?,

WAind Sag3nd, msvszuaananmedanea, nganwa: i inedenmaTulad
Wigﬂﬂﬂlﬂa'ﬂiﬂﬂmﬂﬂ'ﬁa1ﬂﬂiZ‘lN, 2551.

Jayaraman, S., Esakkirajan, S., and Veerakumar, T., Digital Image Processing,
New Delhi: Tata McGraw Hill, 2009.

Rafael C. Gonzalez, Richard E. Woods, and Steven L. Eddins, Digital Image Processing using
MATLAB, Upper Saddle River, New Jersey: Pearson Prentice Hall, 2004.

Olympus Press Inc., Vector & Raster Graphics in Offset Printing (online), 1995, Available:
https://olypress.com/vector-vs-raster-graphics-in-printing/, (23 October 2014).

Wikipedia, Color model (online), 2001, Available: https://en.wikipedia.org/wiki/
Color_model, (23 October 2014).

[10] Marques, Oge, Practical Image and Video Processing Using MATLAB, Hoboken, New Jersey:

John Wiley & Sons, Inc., 2011.

v
a a a 4 an o a 7
[11] Y¥19 ‘]J‘EIJ"V]’J?%H, ﬂ?ii/i&’ll?ﬁﬁlﬁﬂ7W¢)§)ﬁﬂﬁﬂlug\7¢9}}36 MATLAB, AFUNNI: UH1INY10Y

maTuTadwszroundudinunmsaIansz iy, 2551,

[12] Milan Sonka, Vaclav Hlavac, and Roger Boyle, Image Processing, Analysis, and Machine

Vision 3rd Edition, USA: Thomson/West, 2008.



UIIAYNIN (A0)

Math Works, Inc., Basic Image Enhancement and Analysis Techniques (online), 1994,
Available: http://www.mathworks.com/help/images/image-enhancement-and
-analysis.html, (23 October 2014).

R. Lyman Ott, and Michael Longnecker, An Introduction to Statistical Methods and Data
Analysis Sixth Edition, Canada: Brooks/Cole Cengage Learning, 2010.

Otsu N., “A threshold selection method from gray-level histograms,” IEEE Transactions on
Systems, Man, and Cybernetics, Vol. 9, pp. 62 - 66, January 1979.

Dehuai Zeng, Advances in Information Technology and Industry Applications, Berlin
Heidelberg: Springer-Verlag, 2012.

Math Works, Inc., Morphological structuring element — MATLAB (online), 1994, Available:
http://www.mathworks.com/help/images/ref/strel-class.html, (23 October 2014).

Christian S. Perone, Morphological Operation - Terra Incognita (online), 2009, Available:
http://www.blog.christianperone.com/2014/06/simple-and-effective-coin-segmentation
-using-python-and-opencv/, (23 October 2014).

Raul S. Montero, “State of the Art of Compactness and Circularity Measures,” International
Mathematical Forum, 4, 2009, No. 27, pp. 1305 - 1335, 2009.

Eric Olson, “Particle Shape Factors and Their Use in Image Analysis—Part 1: Theory,” Journal
of GXP Compliance, Vol. 15, No. 3, pp. 85 - 96, 2011.

ENOM, Inc., What-When-How, In Depth Tutorials and Information (online), 2010, Available:
http://what-when-how.com/introduction-to-video-and-image-processing/blob-analysis
-introduction-to-video-and-image-processing-part-1/, (23 October 2014).

Thanaporn Phanmetharith, “Automated Breast Cancer Cell Image Segmentation,” Master’s
thesis, Computer Science, Prince of Songkla University, Thailand, 2010.

Michael Levin, Particle Characterization: Tools & Methods (online), 2005, Available:
http://www.laboratoryequipment.com/articles/2005/10/particle-characterization-tools

-methods, (23 October 2014).

114



[24]

[25]

[26]

UIIAYNIN (A0)

Dougherty, Geoff., Pattern Recognition and Classification, London: Springer New York
Heidelberg Dordrecht, 2010.

Narasimha Murty M., and Susheela Devi V., Pattern Recognition an Algorithmic Approach,
New York: Springer London Dordrecht Heidelberg, 2011.

Jiawei Han, and Micheline Kamber, Data Mining: Concepts and Techniques Second Edition,
USA: Morgan Kaufmann Publishers, 2001.

Max Bramer, Principles of Data Mining, London: Springer-Verlag, 2007.

Urszula Stanczyk, Rule-Based Approach to Computational Stylistics, Poland: Springer Berlin
Heidelberg, Gliwice., 2011.

Grillo Gustavo J., Anton Juy C., Ferrero Francisco, and Pkrez Miguel A., “Low-cost video
microscopy system for evaluation of fresh cow milk somatic cell concentration,” I[EEE
Instrumentation and Measurement Technology Conference, Vol. 2, pp. 906 - 909,
Auvailable: IEEE organization, IEEE Xploer (28 May 2013).

Heru Xue, Hai Li, Yuedong Wang, and Ting Zhao, “The Segmentation of the Color Milk
Somatic Cells Images,” CISP '09. 2nd International Congress on Image and Signal
Processing, pp. 1 - 4, Available: IEEE organization, IEEE Xploer (28 May 2013).

Su Na, and Xue Heru, “The Segmentation of Overlapping Milk Somatic Cells Based on
Improved Watershed Algorithm,” 2009 International Conference on Artificial
Intelligence and Computational Intelligence, pp. 563 - 566, Available: IEEE
organization, IEEE Xploer (28 May 2013).

Yuedong Wang, and Heru Xue, “The color image processing technology of the milk somatic
cells,” 2010 2nd International Conference on Computer Engineering and Technology,

Vol. 4, pp. 280 - 283, Available: IEEE organization, IEEE Xploer (28 May 2013).

115



.. SEST0

o A —)
TSR

A avav. ; ST\
%) STCCCCAOPONNIA,
YT YIMY YT YR

v




MANUIN N

v 1A ¢ d a
!!‘]J‘iJﬁ’@‘]]ﬂ13Jﬂ1§1ﬂfﬂ1uiﬂ§!!ﬂ‘iwﬂiﬂ')!ﬂ‘§1$ﬁﬂ1Wl“lfﬁ%ﬂ“lﬂ»ﬂﬂﬂ



SIS TNAREY]
1 Y a a a LY [ a
m1nmu‘lum{lmzuuﬂizmuﬂszﬁ‘n ﬁﬂ1Wﬂ1iuU!°ﬁﬁlﬁi°ﬁN’lﬂﬂ

Tael¥danesnumsaaugnnneaalananluriuula

Y

(msnTag1Fganesiudieununsi Taediverny)

4‘ k4 4' v Y a a a
noud 1 Yeyanenuddsziiudszaniam

1. ¥e-ana A¥IumMan31sdas.efy Iuniau
° ' ¢ Y A P Y 2 a 2
2. @umiie 819158 (BTN ANz hiaziumad Isnanlutiuule)

{ o a o 4 a o 1
3. gouiiu ﬂ]ﬁ?ﬂ.ﬂﬂ].Qiﬂlﬁﬂf..ﬂﬂl&ﬂﬂ?.!mﬂﬂﬁlﬁﬂi__llﬁllﬂﬂ]_@_ﬂil_@_u&ml{
1 3 a o d' [ a a a o o a
4. munslFusnamFunenunsdszdivlsednsnnmsiuerad lsuanlu
%7’ ] d' A d’ ' A Yo
v Tannviitenudy vseilauineu vse lu 2

Elino 2 (Tsaszyuetwamsuiinelfuazanuuanaig)

d' C3 1 Y a A a %) 3 a
AOUN 2 mmmuﬂemi‘lmmmuuﬂizmuﬂiza‘nﬁmwmmuwaaimumn

°

qy = 1 A = a FJ o =
ATV IﬂmszummmuﬁamiGlmmszmm NMUNITUULAINIINUANULNU

' ' 9 A o A = v y A
ﬂJf]\'iTl']u‘lumeIZ‘Uﬂ U 5 38AUASHUU AD S=UINNGA 4=11N 3=thunan 2=usy 1=UDINga

) ) SZAUANUAHD IR
YoANunH : :
wmanga | 10 thunan oy | veufiga

1. szvuiianuazadinuazie lumsldau V4
2. szuulianugndeuazindede v/

g g
3. szuviianusatalumsdszuana v
4. paawsmMsuAedanesiv asdvaziy VA

= v 9/4'
A sumsuNUAFEINY
5. szuummsasIsaiuayulumsmau v
a a Y

6. Uszaninmmlasiaumslsau v

118




d‘ < k4 % U
aoufl 3 anuwiu Yergueyuz tInemsySulsaaziannszuy v(’/
U ~
va%wjﬂ%ﬁgﬁgmuwmﬁww oy sl o5
1. A0S Dosrg 36 mﬂﬂf\owﬁ% 7462 (adeaS Ay, %mwm”wu m}yz

%7 and ‘u?ﬁ@w‘t{ 1S n}mdMn,

7?\[3/’0\040\(\%/902/&‘0&1/0&3’&\/% ?(\Q 5/?05\’*%{“9\&{:5‘091/ =y g«% \/

Ir 5371/377;\/ (v® Y bﬂ?/ﬂ/w ) Vet

S

(Wet.As.057 Tuniqu)

e oSV IENASTTIOSS ot

4 ° a 4
'E'J"Iiﬂiﬂﬂis%"lﬂ]ﬂ’)‘lf"lﬁ]1q5ﬁ16ﬁi

AULAAMNNIANTAS UHIINGIFoVOUUNY

119



MANUIN U
=y d 4 a

TU5UNTHIZVUNUT I AANZHEMNB A BIAN
Hay

w a d w =y
AI0819HaNII AN SN LD ANDINY



SCC Algorithm

File Tools Help Statical Result

RRIRE]

_—
.

— axesScr

Cursor mouse maving to position: (223 938, 445.937)

Somatic cells Count:SCC

Soft Hév. RULTTCV. ab; 2013(R)
<7 by e St B
by

Parameter Measurement. PM
Expert Count: 000
Algor. Count: 000
Algor. True +: 000
False N-: 000
False P+ 00D
Compute time:  000.000(s)

Performance Evaluation: PE

Accuracy:  0.000
Recall: 0.000
Precision: 0.000
F-Measure: 0.000

00:00

Cortral Optior:
Show mark label (kn).
[] show bounding label (cn)...

[] Figure separate procedure...

— Mark processing

Clear screen...

— Compute:

Open file.

Compute

[] save result

. epn2]

Camera devices pansk

Detect nect
Select a device.. v
Select supported formats v

¥| Save to dis

[] single capture & show.

Merge-spit Decision method...
[ Hueral Network Rule base

[] save result...(DI¥)

File Tools Help Statical Recult
WK O |@

— axesScr

I‘H

| 1 FalseN: 1

/ [] Figure separate procedure...

— — Parameter Measurement, PM

| Expert Count: 000
I Algor. Count: 14
Algor.True +: 0

il False P+ 14
o Compute time:  5.138(s)
i
7 AL
Performance Evaluation: PE

“ Accuracy:  0.000

Recall: 0.000
i Precision: 0.000
f || F-Measure: NaN
1
l 14:1
14
Cartral Optior:

| Show mark label (kn).

| Show bounding label (cn)..

. epn2]
Camera devices pansk

- — Mark processing

_—
.

Load mark.

Clear screen...

— Compute:

Open file.

Detect nect

Select a device... v

Select supported formats
|

+ | [] Single capture & show

¥| Save to disk

— Merge-spit Decision method...
[ Hueral Metwork Rule base

[] save result...(DI¥)

Cursor mouse maving to position: (2273000, 637 000)

v v
s 1 dnwazlsunsuszuunumeinszdsad lsuanluiuln uas

o @ o* @ a an
Naﬂ’li@]ﬂllﬂﬂllaguﬂl"]ﬂaﬁiﬂEl‘l“lgf}@aﬂ@iﬁﬂﬂ'liﬂigﬂ']awaﬂ'lwg’mﬁ@a

121



4 a @ o a
3‘]]‘?] V.2 Waﬂ'li'JLﬂi'l%ﬁL!ﬁ%uUl%ﬂﬂIcm\l'lﬁﬂ Hiugmv 01

4 a d @ a
3‘]]‘?] 9.3 Waﬂ'li'Jlﬂ31$1’illﬁ$uﬂlclfa€ﬁ°]ﬂﬂ§lﬂ Hugav 03

122



4 a d @ o a
31]‘?] V.5 HaNSAATIZHLAZHUaE [¥u1An vuem 08

123



MANUHIN A

a q v o d Aa
Nﬁﬂ1§3!ﬂ§]$‘l’i!!ﬁ$u'ﬂ‘i}'I‘M'Ju!“lfﬁﬂi“lﬁ»l"lﬂﬂ

Al

Y v AaK o) v YA
Tﬂﬂ‘lfuaanaiﬂugﬂ‘%ﬂmmunuwwm°1nm

U (7]



4 " a
s .1 wraa laanan waneay 01

4 " a
51U .2 1rad Tanan waneay 02

125



4 " a
517 a.4 wraa laanan vaneay 04

126



4 " a
17 a.6 1raa lanan vaeay 06

127



4 " a
517 a.8 1ad lawnan naeay 08

128



4 " a
517 .10 wraa Taanan vaneay 10

129



4 " a
sUf a1 waa Taanan vaneay 11

4 " a
s a.12 waa Tanan vaneay 12

130



4 " a
51 a.13 wraa laanan vaneay 13

4 " a
517 .14 waa Taanan vaneay 14

131



4 " a
517 .16 1waa laanan vaneay 16

132



4 " a
s a.17 waa laanan waneay 17

4 " a
511 a.18 waa lnan waneiay 18

133



4 " a
517 A.19 wraa laanan vaneay 19

4 " a
517 .20 lraa Taanan vaneay 20

134



MANUIN 3

WaMyIauasMIUAINMANHUIAN



Y v o J @ ' U I @
M9 4.1 wammmmzmmmmﬂmaﬂymzmummmuﬂizﬂammaamﬂu

Image  Object JZAUNAITA  STAUNNYA  S2ZN WANITNDITN

e No. No. (Ly,.) ( I, ) (Dist) (Expert)
1 1 k2 82 102 2.8284 Merge
2 2 k1 75 75 7.0711 Merge
3 2 k1 80 90 10.198 Split
4 2 k19 86 91 5 Merge
5 2 k24 87 95 5.6569 Split
6 2 k25 74 74 5.6569 Merge
7 2 k25 74 77 12.042 Merge
8 2 k25 80 95 4.4721 Split
9 2 k26 88 104 7.6158 Split
10 2 k26 76 84 7 Merge
11 3 k2 73 115 2 Split
12 3 k3 83 107 3 Merge
13 3 k3 110 116 5 Merge
14 3 k10 82 82 3.1623 Merge
15 4 k2 63 98 36.056 Split
16 4 k2 63 98 8.9443 Split
17 4 k2 63 98 2 Split
18 4 k2 83 83 10.296 Merge
19 4 k2 63 88 9.2195 Split
20 4 k2 83 93 17 Split
21 5 k2 70 91 5 Merge
22 5 k3 72 96 5 Merge
23 5 k3 72 100 3 Merge
24 5 k10 71 95 7.6158 Split
25 6 k1 83 89 4.2426 Merge
26 9 k7 82 97 16.492 Merge
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M3190 9.1 (919)

Image  Object STAUNNTBA ITAUNNDYA  IZIZNI  WANITNDITAN

e No. No. (1y,.) ( I, ) (Dist) (Expert)
27 10 k9 74 98 10.44 Merge
28 10 k10 78 103 5 Merge
29 10 k11 91 131 2.2361 Merge
30 10 k11 91 123 2.2361 Merge
31 11 k7 74 74 9.2195 Merge
32 11 k7 74 109 5.099 Split
33 11 k8 79 91 10.198 Merge
34 11 k11 75 100 3.6056 Merge
35 11 k11 75 95 8 Merge
36 11 k13 58 66 6.3246 Merge
37 11 k13 66 110 6.4031 Split
38 12 k9 113 125 5.3852 Merge
39 13 k3 72 81 4.1231 Merge
40 13 k3 81 87 5.3852 Merge
41 13 k11 78 113 3 Merge
42 13 k13 69 89 5 Merge
43 13 k14 67 83 6.7082 Merge
44 13 k19 72 87 8.0623 Merge
45 13 k19 87 92 5.3852 Merge
46 13 k19 92 107 17 Split
47 13 k19 92 107 60.811 Split
48 13 k19 92 107 3.6056 Merge
49 13 k24 59 89 2.2361 Merge
50 14 k13 64 69 8.6023 Merge
51 14 k13 69 74 7 Split
52 14 k13 69 79 4.2426 Merge
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a
711314970 3.1

(710)
.. Image  Object JszAUNMD szAVNAR  szEzMe  Wamsiialsen
e No. No. (Ly,.) ( I, ) (Dist) (Expert)
53 14 k13 69 89 88.057 Split
54 14 k13 74 89 5.831 Split
55 14 k13 79 89 77.795 Split
56 14 k13 79 89 5 Split
57 14 k13 79 89 89.095 Split
58 14 k13 69 89 8.544 Split
59 14 k16 76 92 3.6056 Merge
60 15 k1 60 75 10 Merge
61 15 kl 75 80 9.2195 Split
62 15 k8 80 95 15.297 Merge
63 16 k1 76 76 7.2111 Merge
64 16 k1 76 80 12.53 Merge
65 16 k4 64 64 5 Merge
66 19 k6 70 78 5 Merge
67 19 k6 78 110 4 Split
68 19 k10 84 104 2.8284 Merge
69 19 k10 84 120 2.2361 Merge
70 19 k14 65 97 4.4721 Merge
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$ [ o 1 [ U { a 4
M99 9.2 nam3iauaziunasnadnuazauninsan i iuead (Merge cells)

AMANHUIAY miald (Value) NIZUIUNMINNADA (Statistics)
(FV) Minimum Maximum Mean, X Median, Mdn Mode, Mo
L. 58 13 77.326 76 72
Iy, 64 131 91.891 91 89
Dist 2.236 16.492 6.130 5 5

Y o o ' @ ' {a 9y 4 .
M3197 4.3 wanisdauagiamIguanyuzmuNNMITan I enwaa (Split cells)

AMANHUIAY miald (Value) NIZUIUNIINNADA (Statistics)
(FV) Minimum Maximum Mean, X Median, Mdn Mode, Mo
L. 63 92 75.375 74.5 63
Iy, 74 115 95.833 95 89
Dist 2 89.095 20,610 8.080 2
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Abstract

This paper presents a method to classify and count somatic cells in
cow’s milk from microscopic image which contained cells staining with
methylene blue, using image processing techniques. The proposed
algorithm consists of two main steps as follows: 1. image enhancement
that the captured image is performed color space transformation from
RGB to Gray scale image then it is enhanced using image subtraction
method and 2. image segmentation using automatic Otsu’s thresholding
to segment cells from background. The feature extraction process which
cells are discriminated into single and overlap cells, then make a
comparison with the circularity shape factor: f;m . Later,
Segmentation by region growing are applied in the cell organelle such
as nuclei cytoplasm and background are extracted for overlap cells
merging or splitting analysis technique. From the experimental results,
it is found that the proposed algorithm can classify and count somatic
cells correctly with average petformance evaluations of Recall,
Precision at 0.95 and 0.97 respectively.

Keywords: Digital image processing, Somatic Cell Count
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