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A Study of CBIR(Content-based Image Retrieval) Computer-aided Diagnosis System
of Breast Ultrasound Images using Similarity Measures of Distance
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Abstract — To assist radiologists for the characterization of breast masses, Computer-aided Diagnosis(CADx) system has been
studied. The CADx system can improve the diagnostic accuracy of radiologists by providing objective information about breast

masses. Morphological and texture features were extracted from the breast ultrasound images.

Based on extracted features,

the CADx system retrieves masses that are similar to a query mass from a reference library using a kA-nearest neighbor
(k-NN) approach. Eight similarity measures of distance, Euclidean, Chebyshev(Minkowski family), Canberra, Lorentzian(#;
family), Wave Hedges, Motyka(Intersection family), and Cosine, Dice(Inner Product family) are evaluated by ROC(Receiver
Operating Characteristic) analysis. The Inner Product family measure used with the A-NN classifier provided slightly higher
performance for classification of malignant and benign masses than those with the Minkowski, #», and Intersection family

measures.
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LA E

A AARCR ds9 AHd ooz pids & + A

2 28 Ssi0] IR ohet FYNE K
Qo] ¢ WAl Y9Il PIKSH USES A & Uk B
goR olfh o WA U AES AaAPP] 918 4 G

=
Ql v ozE= Fesh AAtet Ittg Sato] 710 e Eds
o] XEoh= Aolth. F7l0] g A XEst] flot] &
got AAtet Ttto] o]FojR o Shrt1].

H x=gu 949 AFH BEZEX  ZH(Computer-aided
Diagnosis, CADx) AIAHIS ATHQ AHE MIFOZH Git
otk MEOE0] &g Jukst=d L2e F7] floto] d3y]
1 Q= 2opolth A XM X-ray)dt ESul grts @gst o
7t 2 ZgEn Qo I8 fdet ATE et AR s
XAo] et dhdo] ggke niEitks A 2o det =31t

Aag F8e a7l tist Zesol Svsin Aniz). 2w
Aue g E10 42 TEG 98t 8% AD WAl
[3]. I8 33 4= 717 S 28uh Q4O oY Euoh o

¥ Corresponding Author : Division of Electrical & Electronic
Engineering and Interdisciplinary Graduate Program for BIT
Medical Convergence, Kangwon National University, Korea.
E-mail : hyuncho@kangwon.ac.kr
# Interdisciplinary =~ Graduate Program for BIT Medical
Convergence, Kangwon National University, Korea.
Received : May 31, 2017; Accepted : July 28, 2017

FUE UERACL QuEoR o Buk s S 4
A7} BESIR on] gy Fik HOHT 8Fo] BEsiCH4.

U E83} Q40] CADx AlAEIE Ealol 7t E3)9 BAE
g £3% & fAE 53 B9 Hss 319 588 F3
g 4 Uk 2 QAT 38 WS olgsiel Sul9 S48 &
Fstol Gyolstn MROOA AW HEE MIFOZH &
Aol et ATt g4 4 Aok KY 220 Jyo)
CADx AlAEIS o]

=d5

A
oY 9 7|EEE

cha

0 10 20 30

I8 1 08 ¢ 3 WHE 014U, sh=)
Fig. 1 Cancer occurrence of female(2014, Korea)
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Fig. 2 Female cancer type incidence rate (2016, US)
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Fig. 3 Examples of malignant masses from ultrasound
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Fig. 4 Examples of benign masses from ultrasound

-

1 gest g5

i

st

20| & eio] F@ BHol)

rr

282 B
2.1 HoJEH oA

2 AToldE R 281 Q49 CADx AlLHE A
Slstol Tt QYOlsolA BAE We S £S5 Ho
EHE ARSI, RE HolEs ERAA0IN HelgHoR 9
ZEch 96700 of S Buoh 147K BN KW U
T3S & 2508 ER10] HOlEIE FHEACHS].

72| 7|gt RALE EHS S8 p S0 JAko| U8 7|u A ZHFE Ex

Trans. KIEE. Vol. 66, No. 8, AUG, 2017

e
oy
i
f©
ol
X<}
ﬂ
iy
o
o,
IS}
o
e
i
©
Hu
o}
o
N
=3}

Ao M
3
_O‘L
02 32
An}
o N
IR
1
ifa)
i)
ro
N
OpA
&
=
fu
_o'h
y 2
oM
(=)
]
)
02
(NS

ol

rr
>~ 12
=

o R
Py
uf(e}

i
» T E
ooz

o 5 02
ol

N
ox
="
o

a9

¢

39 o U ke OHU
40 HU ok
S 1
ol
iw)
10
b
o]
=
o 02 O

2

|
e 25870 GO B3 5571,
gota o, S, g 23078 GaK(

A, &8 53 807HANS EgHetal ATH1].

o
OB opi
BB
=~ 3
o
N N
—_

12 g
(0]

2 dFokEs =31k oInXIoA 9
(@]
o

B39 SHozRE &y g4 BE
=25
S

Z=Z3510] CADx Al2Hl0] ]
ZF-5l= tlo] ASstIrte].

CADx AlIAHIE AAlsh] Qlstol BERst S1]9 FEfs)
(Morphological Features)a} 27t E7&(Texture Features)
Eaolo] AMgoIInt1]. Feist Edol= oty Sao tist £
ANE7t 4 5= A= 39 7129 AZ9 HEE19 AF
monat &d 2 SS9 WRe 71 offe Tt

=

A

o

Uy

4L
R
[ opt 1o N rlo 4w oX

TOoO \|o T
gotst © "ot AX9 xFo)O] Utk o= o
g Fdal] gt £2 AN € 5 Atk Y 5o
I AZR JEL MG 52 sA HY HHA FETE 671K
(Information of Correlations 1 and 2, Difference Entropy,
Entropy, Energy, and Sum Entropy)E AFE3IATHT].

AElE SAE59 e 2 Syo et 4 HHE ARRY
M 5= ZHg 51 S0 thoto] WAt EE WHe ol&ste] &3
H8H(Training seh) It AE T (Test set) OF EF5H0] AHEF]
ATt

23 A= &3

Z21t onRoA BEFE 2 SUE EYE = 4 9
ES0] #& gtolEgglo] X&E o] ATE "ol S} |AF T
WE FEo] ot g 7l A& AM(Content-based
Image Retrieval, CBIR) AlAHE0| QM Zx lo|EHT oAl
FEH s9st B4 HHE Z9 IFNZEH FESICL F=ET!
HolH9 Ed& ol8sto] A9 E1|et RASE FX glojEge
ol HIOlHE F&dlV| Qloto] RAILE FH510] fAIE F+E

=} = gt o= QUrH5].

2 dAFoA= "o B9 RANE SUE FESP] Qe
AHe &8 9oz Aglo] 7|ekst 871A] HiHe FE5tal Hia
SICE 87K RAFE &4 #@He TdA7] BERMinkowski
family), #, BF(F, family), WA FEF(ntersection family),

& BZ(Inner Product family)Q] HFE2 B=8F 4= QIT}H8].

|

M
0

I qo

=]
El
ok

o
Hu
b3
i
1o
opA
&l
[
40
>
_O‘L
i1
30

b AlAEof 2heh it 1273



HM7|&ts=2X| 66 85 2017'd 8¥

231 AFAF] BF(Minkowski family, 7))

g3~ Adlet RECIE A WalE ATE dutsksio]
Fog 2oz Al (DI o] g3 5 ATHIL

o))

&8, r,2 88 FE golR
yo] 5d& UEN d2 58 3¢9 e Qnigith

NIAA7] BRols f22E A2l(Buclidean distance, Dy,), W
SIE 72l(Manhattan distance, D,,,,), AH&E #2](Chebyshev
distance, Dgy,,,)7t ATE [FECIE Avle TR SRMoIN F
A Aol9] ARlE Akkebr] Qletd] 71 &3] AFeS = HHe
= Al Q3 Zol g9ig 4~ ATH10]. WalE Adle = RE9
Zhi gtol Ao gt &pojo] Fo® ALk 4 lor A @) &
Folg = ATHI. A DOIA p=coQl BLE AHIGZ 7
= goshy Al @it ZrH9l

d
D, = 4| 2(q; =)’ ©
i=1

d
D]lfan = ZlqiiTi| (3)

i=1

ol
2)

Deyer, = maX|q¢ *7%| @

232 F, B5(F, family, 7))

ue)
=l

7] B & Al Xo|2 mdb= MeiE Aol &
ol F, BRolt}. F, B#RE= MK Canberra, D)%t
HLorentzian, D,,)0] QUT}. k= = HEQ Hth A}
HY feE Lhe ZCE 4] (59 Zrh12]. E#AIS
IE19] Ath x[O|E xgtelM AAX=T7F H8E Zoz
IT}H8].

ba)

}

0
L

o]

Al

P

Ol
e = o

ARi)

1 =
T

2
—~

il

]

>

6)

A=)
mN

4 g ]
Do =D, 717177 5
Can ,:Z1|qll+|7‘z| ()

d
Dy, = In(1+ g, —7]) ©)
i=1

233 IR HF(Intersection family, F})

WA BRe £ 5 ¥E A9 WAEE ol8shs B
o= Jol2 5IK(Wave Hedges, Dyy,.), 2EIZHMotyka, D,,,)
o] Qlom Z1ZF A (7), (9)F 2ol B3E = UArHS8].

d

. |‘11: _Til
Drie = z; maX(in 7"1‘)

Q)

1274

d
Emax(%ﬁ)
i=1

Dy =0 )]
Z(qi+ri)
i=1

2.34 W& BER(Inner Product family, 7))

FARE FE9] nixut HEE A 93 2ol ®
g HEe WHg olg8 uE BER7E Atk uA BRol
1o do] T S "y Afolel ALE Fgste AR
(Cosine, D)3t A (1DIF Z0] BHE= THO|ADice, Dyy,.)

HHO] ATHS].

Dy = e (10)

g
—
IS

\
3
~—

[

Il
—

¥
3

[
=
e

=
[
=
S

Il
—_
Il
—_

fIek Zol 718 FAMGO] Qo] tde RANE SEHME
EFoIACHE]. YidAY] BRe K28t Azlet Wals A9

guistE o, £, BR- A A0S 0188 WHolth 1
g Hes T 54 wE Aold TAE o8t wHoR
A= ZFol gl ALgEE FEjOITh WA HRE WHY S
2 ZEEh s SAK AEE ASE BRo,

3.8 1

o
H
®©
>
o
4
_'15
(@]

= ADx AlIAHE A QI5t0] of
2 71K SAIE &8 dHe Hgsi O 23S HluskErk
Azl 718 fAIE 58 W E Aoty flsto] FSS ol
=
=

i
A
0%
9&
N
4
Q'E
2
it}
oo
o
e
R
HT
I
0%
0z
E —

A BREoIE K], ZEIFDH, W& BFEFAR, THIMNE S
g7Ixloltt. 2 fAIE &3 dHe HE

Operating Characteristic) A& $agt Zut= 22 18 59
71-]:].

Aqm )



Jd 57

Fig. 5 Performance of similarity measures: (a
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