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ABSTRACT

In this paper, we propose three classification algorithms to classify breast tumors that occur in duct into Benign,
DCIS(ductal carcinoma in situ), NOS(invasive ductal carcinoma). The general approach for a creating classifier is
composed of 2 steps: feature extraction and classification. Above all, feature extraction for a good classifier is very
significance, becausc the classification performance depends on the extracted features. Therefore, in the feature
extraction step, we extracted morphology features describing the shape, size of nuclei and texture features. The
internal structures of the tumor are reflected from wavelet transformed images with 10X and 40X magnification.
Particulary, to find the correlation hetween correct classification rates and wavelet depths, we applied 1, 2, 3 and
4-level wavelet transforms to the images and extracted texture features from the transformed images. The
morphology features used arc area, perimeter, width of X axis, width of Y axis and circularity. The texture
features used are entropv, energy, contrast and homogeneity. In the classification step, we created three classifiers
from cach of extracted features using discriminant analysis. The first classifier was made by morphology features.
The second and the third classifiers were made by texture features of wavelet transformed images with 10X and
40 % magnification. Finally, we analyzed and compared the correct classification rate of the three classifiers. In this

study, we found that the best classifier was made by texture features of 3-level wavelet transformed images.

Key words: breast tumor cell tissue section images, morphology feature, texture feature, wavelet

transform, classifier

1. M E b4 geboln, it 98l vheh ol el Al S1gkel olo]
Tl W oby Feolvh i o el wraahi:
sigholuh Agete WAl BARAL gadi T4

fogere Aatelel elold b wbHsh A ek



hiMMLEE - Al B w2 48 4 91 2001, 10 /23

oful fureke vl wblsel ibzEl Shshan gt

qojrt, ofol wit frdetoll whelh 91t EyEE] o] ihof
Aardsel et flk’!‘ e %la}—ﬂ:%‘ i
(Mammography), : , el
SH(Galactography), S A

(MRD) o rabalsh ) £A8 W] g
SRS I R e aro. el
frimeh gbel Wl iy shekals] glek wig Sk g
Ao izl

fr Agbel A Al A ko] ALALe 919k e gl
of i b AlEel Mt d giiel dlel vhal Al ARy

of il V] R0 L glo] vbmis ol golska 4 k‘,} Al

[EAre

of wpuH[1] crofon

dagsel ol wbak AlEd spolel
Ael el e i A de el Ad 4
IVESEL ol Rle] Fadt aclofriy RS Mgl

T IR B I R S I S ot K] B s ) R o DS R Bt o N
W vl gl Ao ks ol Gray Levele] ¥
Jliol mhit Co occurrence Matrix(GLCNDEE o) &9l
gadel wol A w2 A ] wavelet M gkell fnE

S S wIs] el Aers s gk,

Jog el AL Uy el i 7ke) kel o]

i o] 4L gl o B o]

vl ol slo)
E AR ES RSN IR
A aEAeH: Hgel g

A S S B IE

Gakduct)oll wEA - O

DCIS(ductal carcinoma in

situ ¥4 WiekE), NOSinvasive ductal carcinoma
GRS RS o} AR A R R S
13

divel e fefAd

s [
S R FEEE I B RS
Adaho] rb M4 o) Al < A

i R ot e € I T B S
wpep A AFskacak sk ZF Crd-(Benign, DCIS, NOS)
off 1 & u] 7 100M) wH1002F 4008 w8 (40 < 91 i

MEe A A gabe bk 20As

of wo Wit

1, & 607
AS FpEkelvh 100w B0 o
A Ak 400M ol A Al
s xo 100w iR o Aol AL '|11‘ Lo
Frat it s Aless S W 2lan 400 &
el X 100 w82k wkol sl s shup Spups A
On S B Lk whubA] 400 ol 82 o el A
A 2L N sobo]  d sl ol Wi
oA ks, 7R el A
wavelet ®HgHE 48 efo] 5 T s
e e B e F R RS IO -y - S A1 B I ) IR
P }L}Lll 16X )”H el g S wavelet A S0
A sel 1000 )&

o2

‘

N

o =
o)

{3

=

[}
o o

o A ghe o WAE il eh s sl

o
00 el F Eepel A e el 204,

& 60 o Aboll 4 Heol Fejets
Aikel alop w4 b9l 7ol
rakar el glal A el ulgs Aabaksloh

30719 o e
LM A 30701
) Eekd )k

[s]
o] f SEQk AR X4

test data set & il
100wl &3 400m

(s}
training data setl i
Agatol Wi dshii

& A GYE 1, 2,3 4 ke
wavelet e A8k S Neky] AMeaalliel A GLCM
o ol &3l 51. o B Entropy,  Energy,  Contrast,

Homogencity)<r -=%38Fv), o] 4o =36ke] o
WM el o sl Wi elassifier)fE W AE 5 F GO
o] ed4k Fell A 307037 (raining data set Q5L vy
30707 test data ser 2w AR, g A A

creloles o

AR Al el JA A el

S0l Al
of 4 514
I 1004008 5 & (40~ 430

Dabit b sabo w4 A j

| 100-4000 0l & 2567206 8hit Gray 4405 4% —l

Fb £ Benign DCE
1004008 & A8

v

4 ~

[ L00HH VY & A00 U wl & |

y v

EIVSLT IS

7 TLgOl AL Q0NN E60 T rgell s 20 E607)
ni sho] ] ) e oAy
A\
BT 1280 600 Waveier et 95 ]

A4 y
| slol vhal Aol sla Al oAk I I GLOM S ol &4 dpiyd 2% I
v \

I SN ol Ry | | HE RS ol B8 Wiy |

y \
l R A s l I Wi ABE (s ]
A A
K Wl e o HA j
LW A A A
Fig. 1. The entire structure diagram of the

classification system

N ELV R

Qo AFE R Breast A EY 1999%1 1}
200050 fu A8 ghakel Gulol i

: ‘ﬂLH S ul ulrg gl
sff il el gl Mol A g wkekul Hematoxylin and eosin
Al ok S Benign) ovlolriel DCIS frifel



NOS fritolr
ol i Olvmpus '5}- &1
vl 0}'1 =l el 100 v

AR Lozl el Zkel o]« 1i5lgl o 1:] D563 400G =L

5)
712] 8bhit Gray 7ol 4 dahs)

Fl 2k sonyv) 7§12
& oEe e Auht

&2 4000w s-ol A 640

"‘o o,

g

(d)Benign(40)

“Lg 2

Fig. 2. Breast tumor cell tissue section images

R,
W '] iz ol o
ol yar wbyme. AAM 7 W (boundary
method)l’} ool 71k M (region based method) S Wt -1

)
1
A el R oddvk WA v e v gk 91

o s mael fges
t

based

of] 4] AL-gko] o A 7 Feoll ruf
Gl iy, sl Wk GOl & AR sk
o1 st o x4 AT el d, g VIwk WP g
el sl AREsh gAF B, AEWE o
l o, 9 e fAbd ) AAAE ol

o] s [s]
A7l 7Fis o] A (region growing)

1% ol ATHGITIBL A 7iuk 2 Ml o el
AoAaEel 91, wekal =] HgHtexture)o] o W ghA]

oF = 9lou}, A dAbel W artifactrl & ko] #He-
Holu)k 3 A A (nucleolus), Aol Lol L‘H '6’1] e o 4
(edge)7) A wle] oo #3ko] of HurH9l b wzdlel A3
7t spAaire £ o) sl

N R s 9D
dor ek S ARg kel AL
o] q} 2
ROI 4] ¥ RGB ek G b alE
sl afef ioAretstol opefel AP AR-Estel

dsghsked o 10).
Gray= Red*0.35+ Green x(.58 + Blue<0.07 (1)
& arEdg olgale] oo Wi flsh Tryl3vt ¢

o1 7 2] (threshold) (120~ 165)3: -8Fo] 21 4 &1

o] A

CHEY

@ tine RN
T fegion
255 o ‘
. K

] Cancel

J1e) 30 Threshold A& 214

Fig. 3. The process of thresholding operation

SRR

9 & el At gl Ak Eel
frol akghyl b e ghs A

K
2 &l
Z A erosion), A A (opening), 2 -5
el ol 2k piL o] Bale] FHebal, AL
ol 428 Al 71&F 71 S8 il holed: Wk e ot -8
SFATHILL vl o] 43 8 connetivity & HhE oL &b
labelingo 488 3= zhzhe] el djstol & rf ok 4]

RERPANECR
YO R

Ham oy 2 A i
3B F(dilation),

(closing) o ©]

; Fooaaek Fdelsh 4 542 Area object
el WA Perimeter object®] ¥, Xwidth object®] 7}it
710l Ywidth objecte] Alii7lol ojub[6][12]

RN S}} ol *1 Frakoll wrAlSli: §EYE Benign,
DCIS, NOS©O. &L vp4=3= 83 &4 o slubsp A3
ol Fefsr4 4ot} Benignol A DCIS, NOS 38}

1
Gk b Al 32 2] @l(nucleus)o]l #1#] ™, oko] vy

r_&

o

(plecomorphism)$- LFEFYICE
Benign, DCIS, NOS9 A -17]et vpd el nlalss

Slsll, Aol st A gl o] v, =, b
B A Rcd - wkEyel Zlels: Srahan, sbil - Aliiel i
ol - welehel bbbl W Alxge] vy AE obufe] 4

& o]-&ato] Alskato] nSkUH13][14].
* Morphologic Features

741
F,o= X widlh F o= wa(//h
px Pr by Pr
.Ll AC} 2
F = Xu'idth F — Yz('[(l{h
“ Area @ Area
543
~ X vT
F .= F.=
X7 P, ¥ P,



LTI E - Al Bbe Gl 2 48 4 % 2001, 10 /25

!
bl )
X Ve
T i
P = . ] 22— -
vl Areu o Avrea

Aarate] gla Acireularitng) - grol 1wy glsl] gle] )

[N it 31

A fendkel s giel e di(perimetery®)

Marca) - 7Hr Perimeter=2x v, Area= 7 ot}

9

gk wl E oAl v of W Perimeter = (2x ) =Ax " ¥
=4x(x) oL}
Perimeter = Az Area?) $1C) Ty,
[ m Areq) =1 (0] gl kel g assto] gladelf 2] 1
o Wi ulale mpa Lrellvh v vbe] AR Mo

8
e A vt

T o1l 9] A&

S § |

Perimeter

R RN S R

IV. Wavelet BiEE &

2
A

=R

S|
1. Wavcelet 31

Wavelet Wgbe 30 drof 2la 2fulvl Al 9l Aol
ol A by vkl ghrtell,
Wavelet Wgh Wyl g Qdeotal b edelell A
et S b vpERHUR: pAd b kel g s WA

1 ! © i
EA e AR IR T B | A

e x) O
1m0 O R

. S 5 ’
ol Q)i gk

(Multiresoultion Analysisiel

A R B R O 4 1 = B | oo st

o
21 SRR R I S T IS L R L Bt A

sol o SIUHISL o) i waveletelvlar )it 1)
La} ~(hase function): ol ‘s-(trunslating )8 AL 8tk
(scaling)shosis) A dl o] oMol Gl e] A i)
geoedolel ubar Ubal it Al AOHIGL Waveler /)4

HAs el redl o] YIAl i el W Gseale

vartable)e] 3t by o4y W4 (transkation variableye] Ul

w(,,h(x}:*jl-; qf(i—z—b‘) ()

22k21 of el wavelet Wb gl 3e] o] abek 4k

oA LhEksh Alob glo] slE] Wl g

ekl G ek o 1Rl wavelet W s A o

A atel g
waela) 9lel A,

obvll syl gell Al se Ay L, LEL L, T Wafyl o)
elg Lhubdivh Lot HRT b A pat diol el 2l

(Low  Pass Filter Aob ar=d el S el High

Pass Vilter 20 o &38fe] dv]algh o ofvjgiul g
) ""ﬂ Ayeowbal ghel el abn ge wkekell dfstal s )
oloflel Gafdlvig) ol ool s aplule) s g
ok sktsuh sampling)skol A5k wf el ab Al ol

el A «‘fl' ety ar
Tk o ete] wske] vhAl A ek ol Al el
R 1 Y I R TEER A "5} Sl gk el Wit g

ahol Abell ool L LIL T HIES oAl sy ol i

R 1 B AU IS L B

WAl o

qastel vkl s qlv H
0N, - LL
woo ~@Y— LH

(k) - @— HL
) **@"—— HH

L)1 Wavelet WAL A ek oy

g, -1 Process of the two dimensional mult level

wavelet decomposition

SRS 2=l Al 29k wavelet W EREE § o]
Ao Wyl adelolvt LL. - @l Aia7) whoil Holin
LH, LH,\"
R e B e R e R B e B e L - e L
HEL, HL2- A 3aol, 1, L -

o 4k el iyl o) s 9wk

R s oA

dlskal el

LL, LH,

HL, HH,

HL, HH,

ALY 2‘."; A wavelet w-gbad ool A o] fulgs ke 9] 4]
Fig. 5. Location ol frequencey bands in a sub band of
> level wavelet transiormed image

bl 62 100 o) B Y Al ) S ot

VA waveler Wgko] #1851 bR
Bentgn, DCIS, NOS@] &l b 20560256 8bit vl o]

el Al 7hzE 2000 G0 el o el el 1L 20 3, 4k
O

BEERE A gah ot ARSE 1 AL el efell 4]

LLASY S el Auelol L, HL, HH, & 30 <
el LH, LH., HL,, HL., HH, HH.

Al wavelet




N
for]
~
o
o%
of
o2
k-
=
BN
2
oR
o
lo
M
3

(¢) (d)

19l 6o vbAeve wavelet W A ake] o

) 1T VEAL () 2 kA (o) 3 ¥HAL (d) 4 v
Fig. 6. Examples of multi level wavelet transformed images

(a) 1 level (B) 2 level (¢) 3 level (d) 4 level
A@vvAd, LH,, LI, LH,, HL,, HL.,, HL., HH,, HH.,
HH, = ), LH,,LH,, LH, LH,, HI,
HL, HL., HL, HII,, HH,, HH; HH, & 12/ 99

90 S ByA

Contrast.

(etapel Al w3l A gHEntropy,  Energy,

Homogeneity)£- 75§l U}

2. GLCMS ol 88 A3t 54 &

ddell Aol AgE Wale edadel vhAa 9l

I v A, ! f
I

o M¥kA AL vkl Aeluh 4%

# 717(?] HOL‘Z%: 2] 1\1 -/lr }I',V—] 9] :x D3

S
L MR A gage) Al ar A "1?1 JHL{!;:
| B R e aa
st A4, 7,d, 0 8 Gray level®l Co occurrence
Matrix{(GLCAM) & Al 3 ShAtkel Ae) dghk 1

Joint Probability  Density

off tiall, 7F 88 0" .45 . 00" L 1357 o rH&l Al 4kal A
vl 91 ed Akl 956 gray levelel s L3: Y 34 7He)
b gkel Y-arin Aak sk ”*?*. B R 1.'{“3? o] ¢}

Ak re vy o] g tv i 16 grav levelit 548}

q 16716 GLCMS Adstel Ak 548 +ossvt
[7]. Entropy @l Energyis #1727 IH”O] ek kol Wb
1= R Aolal Contrasteb ”()Iﬂ()}_{(’nt’][\'\j Lol wjwle

t 0] dlffcrcm of ety wol i 1A 01 S

7F tizlol Ales obgfel 7171,

11

— Entropy = 12:} A]YZ:;(PM) log (Px(D)Py(3))
-~ Energy = ]Z;JZ:J(PM)’
PITOID W7 IEE TR EW

Homogeneity = &) Eo“pl T vk,
<

- Contrast =

Ni=A=n)

SEIEF- RS

I gueta 54

RIS IEEE

A)7 A0 S £ A £d Gue 7

L5 (Benign, DCIS, NOS)ol A1 2044, 2 60719 A&

skt 'SIAL}'O] drdel A 1049

EEE S TN E )

g e 7

_ Frebal del sl el g

Fooskvkel el A 10k el Al o Es

T L e waRshis ko

ChoG07 el <d el A Aot Aozl grys)
obef ek zEry.

3L 1. Benign, DCIS, NOS
The nucleus size of Benign, DCIS, NOS

MRS L7

Table 1.

G il vbatatel | Al o)
(Area) | (Parimeter) | (Xwidth) | (Ywidth)
Benign | 504.035 67.450 20.690 20,585
DCIS 329.840 72875 'fl 395 22.680
NOS 469.010 89.205 25.630 27,775
B2 et Ak
Table 2. The value by morphology features
=P
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| F,, 0.30688 0.31837 (0.31999
' [,_;. 0.70463 0.66730 0.55277
F,. 0.70443 0.70281 0.61061
F .. 0.97185 0.9538%8 0.92006
F. 0.96359 0.99999 1.00477
F 1.14443 1.13454 1.09529
F o4 1.13928 1.25555 1.34582
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Table 3. Nuclear circularity
Benign DCIS | NOS
& 1.20428 129999 1.42319
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Table 4. The result of the classification by the
morphological features

Benign | DCIS NOS CCR

Benign 18 1 1 90%

DCIS 5 14 1 709%
NOS 0 0 20 100%
Total 23 15 22 86.7%
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Table H. The classification result of 8 morphological

features
Benign | DCIS NOS CCR
Benign 15 5 0 75%
DCIS 2 17 ) 85%
NOS 0 0 20 100%
Total 17 22 21 86.7%
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Table 6. The results of classifications by texture

features for different wavelet transform levels

Benign | DCIS |{NOS | CCR Benign {DCIS| NOS | CCR

Benign| 15 1 4 1 75% | |Benign| 12 8 0 60%

DCIs| 3 12 1 5 160% | |DCIS| 2 18 0 90%

NOS | 3 1 16 | 80% [ | NOS | O 2 18 | 90%

Total | 21 14 | 25 (71.7%]| | Total | 14 | 28 | 18 [80.0%

(a) 1-level (10 =) (b) 1-level (40x)

Benign | DCIS [NOS | CCR Benign | DCIS{NOS | CCR

Benign| 15 5 0 | 75% | |Benign| 19 1 0 | 995%

DCIS | 1 19 | 0 [ 95% [ |DCIS| 3 16 | 1 80%

NOS |0 (0 1 20 [100% ] | NOS 1 1 18 | 90%

Total | 16 | 24 | 20 [90.0%] | Total | 23 18 | 19 |88.3%

(¢) 2-level (10=) (d) 2-level (40x)

Benign | DCIS |NOS| CCR Benign { DCIS [NOS | CCR
Benign| 18 2 0 | 90% | |Benign| 18 1 1| 90%
DCIS 0 20 0 [100% | | DCIS 2 18 0 909%
NOS | 0 0 120 [100%||NOS| O 1 19 | 95%
Total | 18 | 22 1 20 196.7%| | Total | 20 | 20 | 20 |91.7%

(e) 3-level (10x) (f) 3-level (40 =)

Benign | DCIS [ NOS | CCR Benign | DCIS |NOS | CCR
Benign| 18 1 ] 90% | Benign| 18 1 1 0%
DCIS| 0 |20 | 0 |100%||DCIS| 2 | 17 | 1 | 8%
Nos |0 | o 120l Nost oo | oo |20 ] 1000
Total | 18 | 21 | 21 |97.7%] [ Total | 20 | 18 | 22 [91.7%

(g) A-level (10x) (h) 4-level (40>)
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