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Breast cancer has been ranked the fourth leading cause of cancer deaths for females in Taiwan for
the past five years in a row. It has also been reported that one of every eight women in the USA was
affected by the breast cancer and the breast cancer had become the first cause of death for the female
populations in the developed countries. While mammaography has been the most widely used approach
for early detection of breast cancers, the high false positive rate for the breast lesions using
mammography has led to a high percentage of unnecessary biopsy referral, which is an expensive and
disconcerting procedure. Recently, many studies have shown that it has a very high potential to use
the breast sonography to reduce the number of biopsies. Nevertheless, these studies were usually
made by highly experienced medical doctors and the sonographic features suggested by them were
very dependent on the interpretation of the ultrasound images.

With the advance of image analysis and artificial intelligence, computer-aided diagnosis (CAD)
has gradually become an important approach to enhancing the diagnosis accuracy and minimizing the
effect of human factors. In the past 5 years, our team has made a great endeavor in the study of
developing an intelligent CAD system to assist differential diagnosis of benign and malignant breast
lesions. Notably, we have attained a significant breakthrough in automatic detection of lesion
boundary and identification of nearly setting-independent features on sonographic breast images, both
of which are the keys to clinical use of the CAD system in practice. The performance was shown to
be as high as 0.95~0.98 and 94 +1% in terms of the area under the ROC curves (A;) and best accuracy,
respectively. Encouraged by the promising results and the fact that the FDA of the US has granted
permissions for three mammographic CAD systems since 1998 (which implies that medical doctors
and patients start to accept using CAD systems as diagnostic tools and the market of CAD systems is
growing), our team and the EBM Technologies Incorporated have decided to grasp the turning point in
the market of CAD systems for sonographic breast lesions. In this two-year project, we propose to
develop a prototype of the CAD system for sonographic breast lesions. We plan to obtain the FAD
approval shortly after the end of this two-year project. In comparison with the conventional
approaches, the proposed CAD system for sonographic breast lesions features:

e integration of image features extracted from the B-mode images, color Doppler images, and
parametric images;

e nearly setting-independent images features;
e automatic detection of lesion boundary;

e a CAD system with self-learning capability.



During this two-year project, the EBM Technologies Incorporated will be closely in collaboration
with our team. Since the EBM Technologies Incorporated has been very experienced both in the
development of medical imaging software and hardware systems and in obtaining the international
approvals, her role in this two-year project will be mainly in the development of system software, in
the control of system quality and in the preparation work for filing FDA approval.
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Cell-competition =} H4]4 & &4 a BiL o - S cell 2 2% 58> ¥- 2 g
d competition 2 A K FHRE G 4p R F hcells o A - B LA AT R R0 ST acRE 0 A AR
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# — B boundary segment ‘¥ B&¥ — B cost iy it H 4 e edge profile 142 o F pt -
boundary segment 2 elementary cells 7% 3 4p i & ° #7 5 edge profile 45 & £ ¢ boundary segment
M e PR e 1 o AT 1% e cell competition & B2 ¢ o A g 9 & %F a0 edge profiles
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S B S I LR AT S R R AR - AR 30T g B R
rend S o - A e B NSPD > ¥ g E 5 BB Y 288 2 Ak
t V- RAURBRIY R R c FHEEY BT L L P i

TR AR A

BOEIT I £ g KR B A SR - B E R v R - B ORRIE

Ak ] Ry o AT P o AR R R R MR AR ik 2 2k B S (lesion-dependent baseline )

R REFERN > ATRAVE o P BT LGRS ] 2 F1R 0 R TR Tl g
IR PSR P

PR R AR by B A i,-“ e ff% T i fe? o #ocl (equivalent

circle) £ ARMTuER 2 — o ErcFlenif 2 L8 g fF{rflo L ﬁ’wpiﬁ 4B V-C-6 #1



a

AR B F okl o KA o AP T g N E R L F e Bk e F

g

DESY EEE T IERE S Y L DR P S IEVESee I T 23 PR Y
/:P‘.L%_gﬁﬁ'},a‘ liié#‘f?’l’ alvi%i%rﬁ]?U/Fi*{%ﬁiﬂ!}f%)iqj%iggi%{i'lgﬁ{rﬁ]/ﬁ-il (]g]

V-C-7) > Flfg#124 ehir4+fic s Elliptic-normalize circumference (ENC) » H % & S "8 81 ¥ »iciF

M2 % £ ig o

Bl V-C-7 - B2 8 2 % 5o el Bl b

* > 5 d second-order central moments [47]:+ 5 4 &

e

-

S LR LS L R
MeirFl2 £ phiEAL & B

¢ = L tan ‘{i}
2 Ha — Hpp

50



frk ®mdhz & R afcf

1/2

2[/Jzo + Uy, + \/(ﬂzo — My, )2 + 4/1121 :|
Hoo

2[/120 + My — \/(,Uzo — Hy, )2 + 4/1121}
Hoo

# e p, 4 the (p+g)th-order central moment
=22 x=x)"(y-y)*
X oy
B VP o AP e f B F X sERE R KRR 7}%7&]33 4o @ V-C-7 #1770 » @ 5 B
" R

S RS EIEES ARy T E R R ERRE E SRR S
Yo F) % W i Y o

Elliptic-Normalized Skeleton (ENS)

f 2 (skeleton) > & - B seen®esd e B ¥ @ % 30T AR o B fEaAp 38 1 [29] »
BRRAEZ- %3 Brit 2% RIZER > XA R 2 E 8 o Bl- BF B
R

d(x,z,)=d(x,z, )= min{d(x,z, Jz, € By, xe X}

Hed() 5 E- Fzpeda ¥ 0 4o Euclidean ~ city block & - » /‘T‘}‘ﬂ\lz‘: - B EE &

TG A BERR 7 # @d(xz)=d(xz)E i xFTF B R Bz, eBy k] o B
V-C-8(a) ~ (b) ~ (O)fr(d) s ¥ S P WA 4 %W ACS S BRE) o AP 2 F B E B
PHEEEFZOLEFVRIFE FRFT S AN FGOR AP WA 7§ V-C-8 (e)
PmSA o f RS S BRI F R

FE RG] A7 BRI AP DA R ARV ER AL E e
oo EBRE & 2 BB G Sy kT -
HIF]F o L0 R 2E iR  Jrhol ENC e 2 » A i drP-F 2 8LE & 2 B Bip k2

:,f

WRARR > e o SRS RS TR ]

#® (lesion-dependent baseling) » 7= = £ sx#f[f] » chk B B > 7 02 «‘}75%“,% ok 2. FE
%7 R /;P*xﬁ;%‘ﬁiliﬁx?ﬁ'

51



(@) (b)

(©) (d)

(e)
B V-C-8: (a)-(d) % = B il M enf tp 17 2 o — 4k
(©)imai 5 — B &Pt % .

&l
Wz
=i
S
k2
=
St
==
:‘:g.
=
4
|
c’f x>
Y

\

S
%

%7 12 NSDN ~ LI ~ ENC fr ENS = 8 % B it > 45 i 27 ) W ffnh > e 4 5 7 45
Tek 1 onE & G 84 1Rt size (g X L) fo LIAP (T rig 2 bt KR frSEL L ) e A

52



LRI - AP TR R

o depth-to-width (D:W) — 4R e TR\ &« £ E g~ A7 e 0 5215 B
R T o LA NP LIRT AR LR R PE AP EY BT
- fat & L:Sratio o

e L:Sratio— E >xifFl 2 £ ‘@bz 1t o b3 jE R i“,f%fﬁﬁ ER2ZBELivA EE#E“$ ek 4
A, FH o

o Size THIRL Al FLELL 0 A GO ETS BRLEBLT o

d >t cell competition j & ;2 ¥4t g g ensg v L S AT 0 F A @ R AT R e g en
BRI G A PR FEAE PR E 2 R o FPt AP 4R T Cubic B-Spline % T i 7 R 1F
1% 73 1§ 44 - Cubic B-Spline(®] V-C-9)&_d m-2 £ o MEF #rie =% b Ad 4 Bipdle a5
APASE SR H B BATAIEE 0 TP ML ML B AIE o F R R EEK L

Q) =B(t)-G, 3<i<m

H ¢ B(t) # blending function » #_& 3 :
B(t):%[(l—t)s 3t*-6t°+4 -3t +3t*+3t+1 t°], 0<t<1

G, & geometry vector » #% 5 : G, =[P, P, P, PJ
Raipilm &% R=(x y) Osism

SO HP A R F BB EGE 5 M2 B 4B 52 % 5 PP, PR, R, R,

*Ps

*P> Ps

B V-C-9 : Cubic B-Spline @] &]

53



B g o~ Q(t)=B(t)-G; » fI* least-square method ¥ rfZ di4r 8k o & @ R TS eh

WA o SR ARACT

1.

FARAT B SRR R RGBT E N cF nE g R E2 2V R

o

FnE gl Rl A RIT R ARG o N E i L e & A T b

RS R o

$OE - BPREG AR BV B M R ARt o BB d - B Ap s

EEATHE S P, 0< <N o $ MR Q)  FH B RL B EGFEL P, 5<j<s, 0 R
0 j= Si
Sl _ At 5 PP s P2 jEd

ZAt /ZAt S, < j<Si,

PPt Q) =B(t)-G T M @IIN B AT 0 F A AHP Y AP LG mHl Aok
(M+Lgrdlgk) - F 5 ¢ REF m-2 & rodie(m-2 354188) - 1 least-square method ¥ 12 iz
DP e #P ik x Q)= B(t)-G, Tt AT E i fs 2 W Ao >R V-C-10 2 B V-C-11 7 rz s o)

Rk R 2 AR R B TR 2 (s > P P R 2 W e

< <

(a)

# V-C-10 : Cubic B-Spline = i Bl & » (a) = /& 4~"85% 8 % > (b))% ¢ Cubic B-Spline & i {5 2_ *
CEER

S

(@) (b)

®] V-C-11 : Cubic B-Spline - i i* Bl & > (a) = /& 4-"8% 3 % > (b)55d Cubic B-Spline & {5 2. *
CELE

54



BTG o FERBNE AT B AR 21 BB AR o 4R - R s A 2D
cell competition ;& & ;2 %g# 22 7 B3 < | ¢hROIs £ & * & - & ROl ¥ 3| - B 58 4% o
#ie g+ LDF(linear discriminant function) i+ 3 4 #g % » 1 i leave-one-out cross-validation strategy

ek kA BB L B P pcan D FE 5 (classification accuracy) o AR S R E GO

Classification accuracy = (TP+TN)/(TP+TN+FP+FN)

}

# ¢ TP(true-positive) BB R %5 B
(A e Rt S RS el R i
B i 2] 5 R
B &R TS LR
d ++ Cell Competition ¥ 12 41 5467 F band %688 5% o #7100 3 2 — 8 45 #(i] 4= NSPD) >
FRFRAGT RN D BRAE  HE 5 BEAE S APHEY RSN RTEE
B S 2T R e > S AR E AP R PR B P BT S BAE o B
bt R 0 AR PRT R U BB R - B AR AP ERE D)

|

TN(true-negative)

}

FP(false-positive)

|

FN(false- negative)

k-curve angle 57k = 12 > (2) B-Spline it ¢hn=18>(3) R gz p Bt R E (6,)
132 2 > pRE (6,) 5-132 RpF > NSPD ¥ (B3| Fent Fr > P pFE FE S 5 91.2% - @ LI~
ENC 22 ENS & w1 rrd » £ 85% 12 F o Araa 365 B a0 (0 it (77 » { 353 e o

A 453 A E B oon-site review pFaR 2 2 o

D. :? ﬁ;b*.l—ﬁg_flﬂ
-1 B R ERE R BT oty i EE FREH S T{L ¥t N

chd f% 2 B84 L &) - Color Doppler 8% o i i) 3] e %J AR w R RN R b
R B ILE AR AT BB R
BB N SRR o d 50 B A T 15
g N B F 0 A B RERL O TN G 2

_..L ﬁ}"ﬁ;’]?I]\ ‘iﬁ'gnﬁﬁ’é% ~ I‘/k’”ﬁf;” ]‘ o I’—E—"—)‘L

o

\‘1

E’ﬁ,u"? PP A ﬁﬁ”FbﬁTd? ﬁ%p\mlrglv

A-

l;"f’JFFB’gE°i{'\:TT‘I » ¥ - S g o BB

/f@;ﬁ_fﬁgﬂwﬁ!iﬂa‘vﬁp\mlgm BT RN R ALy b en® > A H § B F R e
FNR S R ATVEOP A o b F - Eant g o P - I EFRNEGANT L B (7 TR
6 7 A s ) SR (PR §) £ FHA SRR

55



PB g L & F5d 4 47 Color Doppler ¥ i § & A 22 Mg G ff kB0 2kA A
% e Color Doppler # it > JLAT 11 B FISCH fio sk anit ¥ & F 02 ey R § o

Fp oo At E s ne rg B ﬁ,f = aria;}gksﬁgﬂ ¥ :gg:;;%v&g\;u il ﬁ;;'_—i:_é—ﬁ}a‘:ﬂ,&g R

L eocell competition @ gac 2 F ANPGRS B FER - HTRPNELFLADE R
Bl B ED F L A R B F o - A LB Ry £ o F LR RTE A

& % 4 55 (B V-D-1)

B V-D-1 & 3]y & i

T o o Alens £ cell competition i i AL K A 5 B 22 R AR AR T © A A 4
FE o T Y v’t:}iﬂffr’?ﬁ:f“gﬁ# g g ¥R 2L B an FERATEER
S F R A R R S

56



B
LR E G- R E e RS VY, ) o kT B

Yoo 1ty

B V-D-2:8-£ g - e E 45T

Bt AP g & - B Vascular Intrusion Index % % # % [& #f % ik ~ £ - Vascular Intrusion

Index fhdej® 4o ;N oron

>l

Vascular Intrusion Index ==

n

2V

i=1 2

B V-D-3 Lt F ,uifjg]:* 2 g ? HREEHEBOE R FS%ApE ¢ 47 o Vascular
Intrusion Index g & £ ¥ r2 & pr gt 3@ 5 chd 3742 0 F Vascular Intrusion Index g < » % e if
BAVAT O F R EG G ATE AP GT fEREEROY A SR G Ml

)

F]gt = ¢ Vascular Intrusion Index & vk ¥ ¢t F (%7 it - BB Y B o P oo

B V-D-3: & 1 i *# % «11 Color Doppler - i

57



B V-D-4 ¥ p|+ J'z?} Pl g FREWBOR g5 g » T 0 @ 8 9 Vascular Intrusion

% Vascular Intrusion Index i g -] » g7 2 F p
Bl ¥ u F -

Index = #-] © e FERT AT BE

Bl V-D-4: 2 4 % % 57 Color Doppler 22 i

Fha PERNE G

H-n 3R 3 0 D295 DERF T LT IE AR RIS o AP EH S (R
V-D-5)7 1 5l 3R B F - FMAEMERE > A His B R e

T2 PRE AN B A R E w F R

-~
v

Frtooom KB~ G a0 2

1- IF}& L_B—'gﬁ" ;\4—;{'%/ » j}%’ﬁﬁ m_ﬁ%vﬁ U—quﬁ Zﬁ%(ﬁv_D_6 _“‘_r_)
R A ’ﬂﬁﬂm 'E?ifi i~ 7w (W V-D-6 +)
3G T A G LW

58



Bl V-D-6: % kb enEf i GHES S
t g ts chif i e s cell competition Boi% o T3t EF Suf SRR ¥ FHBR KFI 0 2 F Ao

er}iL :

HE G R R
ERREBOEG FARY N F IR EE P RS RECR VDT P 8§ rrE) 0 @ o n

ARG R T B o

#® V-D-7: Color Doppler 5% cell competition i @’ 15 Bl ¥ | ¢ 5 "B v & 5%
Rt s F chE b f b

Hhxrfge o AL EHEFI* Active contour model( £ snake model)#-v & if % iE

Ji o Snakemodel £ & - B BB MR BEES ZTSRERE W BEUR e £ P A

p - BRI R AAET AR P R TV REfod RIFLAEE - 8% snake
model i Fl4e™

S FH My TR ek

CFAE TR P RIOE B
C- AP I - PR
SR L F G R R

59



L4 snake model B R iGR RS S > RS g AL TR R Mo

B V-D-8: 5 G BRiscnBg Iy %d &7

BRi o KRB LT W I FEROR N B BRI E R g
}%‘iﬁnﬁ?fﬁ'f }g"; 'gfdr ﬁkuo U'JX@’TFE](FE]VDg) S A _ﬁ % )
P B ATE DM B E AR o

EEx
TIS=0. 8 MI=0.6 AD=108%
B V-D-9 : 12 2D cell competition ;& & i fie & snake model =73+ di2 "k # B > HiE

ERWFE T o § 7 BB F - BB FEEIHABYER -

60



E. BRVISEHE1 R

f9% (palpation) » BTk ¥ e &+ R - BBt d 2 ¥ PPIT K H S H N LAY
ARAKNEHEY o doftd o - REHABRE 0 L BPTS FF TR o BT
B A E R BB G s 1k L W (R R R ) o - B
EHOWRAFE o FHT O BEAT FLERSFE OGA R RDER o BB F LD
AL APA ERARNTRA B BT UZOTE LR R o RA BN AR R LR R
Ryy o MR R E %%?:‘E'Jﬁu?é%fi&g.%‘;i::»f;rs{ﬁage G BB o — BREAGS
MEGARLRAFERAL TG E RS 2 OB B H - BT R RSB R R
a5 A f AR S o RO R B iR B il i g (modulus of elasticity, or

K3 M-

Young’s modulus) & & & ficfic(shear modulus) 32 25& = 2 » kE2 F E i Fh e kot N RN

WAy R B L IR 4 o et W R RS BB ¥ L 256

Wl d Bdor s BT PR RA LR N %@?@ﬁwﬁwﬁéxkﬁa@ B v i
AR RRERES G L AREREA Gl T BB R A R

ﬁ@%%ﬁ{@%%@,E%%ﬁgjﬁaa%%{,z@?uﬁ@£$¢3%4§@g,
i.g ¥ Fj’} %W—?\?/ﬂ\% P?'E"ﬁl‘,_%‘« ’ & ",L{J\ = :}’E,—'g ] g g ’d-zg %ﬂ,q mf\;’—g_“,J s Qpﬁ'@_%‘«#’i‘g{ﬂ‘ E’ﬁ;;

4 o F| LU EN IR L i”t‘—‘lg? "ME ) e g chiic A A2 o kHF R o 8 T e

Frfh s 3 s R T IR EERRS e X R

RaopRigEr- BFERGRAELL > VIR FAPEROE IR o F B
ﬂﬁﬁpiﬂ’ﬂ*ﬁ%%%%ﬁﬂﬁ&ﬁﬁ“J%%%T’ﬁﬁwﬁﬁ—%ﬁ%ﬂ%%éi
EAGEA B HEENERN LPREERE A T ARk RS R e

B S A L S I IDE

1) S4g 2 8. (RF Data)i#
AL R R T SRR (T B R R Y md e 07
R B TaAMAS 2 F- 85 A-line cross-correlation 2 > % = fE 5 I AAEEL

(baseband signal)z_ 4p = %3+ 5 5 & WP 4o F

61



a. A-line cross-correlation method
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b. Base-band signal phase method
B OAAZ S APk P T RSP B EE > VOB 2 T 5N
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C(t) = leoT X(2)%; (t + 7)dz

C(0) =T, (r)e™

He » T,(r) 5 3F &P’ ¢ 2 autocorrelation function - s » EﬁF’a‘*ﬁi@fj}u? T TG NGk
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Rl R s Bk 0 2 T XRay ~ 5 &R CT 2R nt el o B TR
o mﬁqﬂﬁww”’.ﬁyﬁ%%aﬁéﬁumﬁogma;,;Mmgw%¢4_
segmentation ~ boundary detection ~ boundary delineation ~ ultrasound ~ sonogram -~ sonograhy > 3%
£ixd 1976 £ 1 4 » ATHEF D) el S 40T

US5865750 (1999): Method and apparatus for enhancing segmentation in three-dimensional
ultrasound imaging

US5899863 (1999): Method and apparatus for segmenting B-mode intensity data using doppler
shift data in three-dimensional ultrasound imaging

US6106465 (2000): Ultrasonic method and system for boundary detection of an object of interest
in an ultrasound image

US6251072 (2001): Semi-automated segmentation method for 3-dimensional ultrasound
US6385332 (2002): Automated segmentation method for 3-dimensional ultrasound

US6561980 (2003): Automatic segmentation of prostate, rectum and urethra in ultrasound
imaging

US6824517 (2004): Ultrasound quantification in real-time using acoustic data in more than two
dimensions

A 4er k430 CAD ~ computer aided diagnosis ~ computer assisted diagnosis ~ ultrasound ~
sonogram ~ sonography k #% #7417 cn% fl#kr 5 - 4.

US5235510 (1993): Computer-aided diagnosis system for medical use
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[
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ETIRS
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P AR R 2 NI Sl e~ A R R 2 R R B g g
LR Ry TR SRNC IR ) R R0 N S E??%'f T a1 T e Tt B rEg s 05RO AL %
AR AR GRS B DT L LA AR A

PR - B aBRF ARG TN e AT 5y TR kit - B3
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Feature Extraction
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) »Clinical Knowledge Discovery h
'\"a"@!”am s+~ Breast Lesion Classification
Lesion

Clinical features

Learning Data Preparation
Component Component

B VI-L: kgt dofenst 2 s Aed ok T i o ok sz

B &N (E/AR o

Jit

A, Rl R

L
Hpenp i b e plE - gpF ¥ - AEE - -1 FEN ARG BhBS
(bias field) i # o 4

2

Bm—%a@%%ﬁﬁ%é“ﬁﬁﬁﬁﬁﬂﬁlﬁ’f—*ﬁ4ﬁ%ﬁ
WEFHAEE-PFE & chF 3 o % = 38 1 17| E_missing edges ~ weak edges 7 false edges 378 ] o

p enp] £ 2E CBDS 2 % #2422 2D cell competition ;& & /2 #717 e*d i 4 { 5 1 Fx o

A.1 CBDS 25 % #-7|
CBDS A ##- 3| A~ F & - BREVEET > - d BN LM% - p iR the N jog e
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Peg el RATEIHEZ. B T R ROl f b K M A dod SN 5 - BS54 {C,C,,...,C.}
5@ % ROl 2 cells e ] & & » B3k ROl eh¢ s fcell Coph o BT o0 4 u) % & 25 4

Al e o b I AR o Hogmgad A WK 5 C ek & UC ({C..C,,....C,}® #73 cells 2
R ) b Fis o £ S, RA T el é Fencellshi & 0 S R4 % A I encells e & o
A S A sziﬁil“"m cells e & o & ®(S,)fr P(S,) # = 5 3B~ S, 2 & 7t B2 & Bl:if 4%

ZEE S AW =0(S,)fr I =W(S,)
CBDS 2% % #-4] eii £ S8 Egpps = E(T UT?) =E(I") +E(I°) » # ¢ E(I) & & & & T ehiy
A E(C)frE() =y A ue gr B 23 4ot (1)%7

E(T”)=a,Ee(T7)+ B,E,(T7) +7,Eq (") + 6 ,E pea (T7) (1)

3

Ien (1—*,0) = Zﬂ

j=1

(3|
E, (M) =3 (417 (1)

Nﬂ
Ev(rp) =

0

NP
Area (rp z Area (Sio)

29 pefiof N, 7% RI7 ¢ il 00 = (X0, y0) R4 T/ 2 % jakeni=d o5 - i £ E

len

PSR R o I ATG ARAS S BRERAE M e o BN (1) o AR ARS BhenpERL L T S

Yo dra, A s f EEE P M E, Bl AR F L P NS SRR R IR M

len

PolcHfe = i B E R 5 4 W& - ghenig & (turning angle) Sfee % j Bl 4 2 TR G
u; -V,
/T'(j)=cos” { ‘J (2)

BP > 0<LT(J)<m > Uj=0,30; * V,=00j,5 © ' — &Y MTNd RAEZESW F oo @bt -

»\

V“b

3B E, P h iy 4 R A e acis ahd BT F R o Aok rhg el L oo ekt 0 B E i

b

86



fep EEds ]
FIRERE G -FHa i IRV RT LI FG DI B o A FP AP

+ = A LRIy D o ¥ - s H B 2
220 AR ST BB T

i v B £ 5B A RGEBA - (L)Y \V'(Uﬂ

Py RGP Bt BABIE,, LR S, e g ancells G ff o § R £
B itpE s g A2 - Besld @ B IR IR e Lt T ApRT o d Nt g B 9E P
FRIZEF STV ELE- R BRI n Eh) M adER > Bl e o FREL PR
SR 3R AT i B R ABggng @ #Ecgpg 18 HH Y Egops ¥ 7 B AL BT 0 AEggrg F
AR BRI e ()T A

AE ggps (T) = a ,AE (D) + B,AE,(T) + 7 ,AE, (I') + 8 ,AE 5 (T) (3)

a4

AE (1") [E ( new) + E (rnew)]_[E ( urrent) + E ( urrent)]
[E.(Thyroe) + EL (T

current )

#e > T ceflend,V,Areal » 1+ & current - new B A B X & B A foiTed A o

B cell-based @) Az > § A By iF E S T * S o H W - B L

E"I‘Y‘
cell-erosion &+ » 457 % CE(S,,C,) » # 2% 5 S, —{C,f* £+¢ C, e((S;US,)NS,) = ¥ -

B E 5 5 cell-dilation 8 + > 4 7 3 CD(S,,C,) - # & 5 S,ulC,}r ¥

C, e((S;US,)\S,) = B VI-A-1(a)fr(b) 4 =4 % cell-erosion f= cell-dilation & & ¥ # it -

desired t;oundarv

FO

" after erosion

& —> Cp

"' before erosion

S,US,)NS,

(@)
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desired t:;oundarv 0 after dilation

—C,

["° before dilation

~ri

>(Si U So)\ Sio

(b)
M VI-A-1: (2)Cell-erosion & & - o W45 & 2% ST d erode (S, US,)NS, ¥ #1C, = 4

0 @ BT e A (b)cell-dilation 3 o p B4 4 H e ST FE Y dilate (S, LSS, -

B cell Cy > @ BT 0d & o

Cell-based =) % # + + £ 7| 4 cell-erosion 4v cell-dilation i& § 12 4 AE e 2 &)
TLOT]/% i-ﬁf"&r'}’\ﬂi]' 2&7 mP\ %K’ff’]‘%"s‘i/ﬂ * %%&Sm%;\;—ﬂ;gg&g ’A%{E]‘—‘Ifrro#g
WG A ASchpE (s o - ke B¢ - cell-erosion {- cell-dilation @ f&:& & 48 & 3= » e 7§ H ¢

fo 9 2] ABcaps SPAE K § AT o M T 0 CBDS AR HA] i B 2 4 & AT

Cell-based Deformation Algorithm

. Initialization

Given the minimum covering cells, C,,C,,...,C,, that contain the ROl R and assuming

that the center of the ROl isin C,.
k .
Uk} r=ws,). re=os,)
j=2
Il.  While S, #¢
C,=arg  min {AE(‘I’(CE(SiO,Cj))ud)(CE(Sio,Cj)))}

C;e((S1US,)NS;o)

C,=arg min_ {AE(¥(CD(S,C,))u®(CD(S,,C,))}

c i €((SiUSe)\Sio)

AE AE(LP(CE(Sm'Ce))kJ(D(CE(Sio'Ce)))

erode
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AE e = AE(Y(CD(S;,,C4)) W O(CD(S;,, Cy)))

If AE,., <AE,,., then s, =CE(S,,C,)

Else S, =CD(S,,.Cy)-
= ‘P(Sio)’ r°= q)(sio)

End
B3t 2 e CBDS ) % 0] ends i 7 44 A 57 3 BIFeh¥F (F[35] -

A2 T # Hi g

B SARF ARG F AFEAT N Nk HS (bias field) o P eI @ F AR A Rl
WR B f AT A A ent2 B2 (shadowing ) TR % 0 B g it Ml o A PRGN G F Rk R R
(attenuation) IR % o 0 & § $f30 /R s chif Rl § A 2 4Py 0T 3f o R A TR L % L 28T

B LB SR S LA o (5 R TS AR G R e 51 B ok iR

WH R EOREBEE M AR - Bt d Y o AP RiderE N B o H e
;ﬂ'x,értmzi;—ﬁawm 3 e
b i% i BikEgabiase - 4&m 3 obias F U FHFFEFNE - BiEEo KA

d ** B-mode e4g § & B ¢ (538 log transformation » i B-mode # f§.? > 2 i ¥ 12 - bias #-7)

LG — Bhei2 BT o T R FH P o AR
fi = Ii +bi (4)
He f2 L oui%iBildeapplEEd giE - Ay Bk § 2D cell competition & & /2

a&cPF > & — i snake ¢ hif Z gen§ % @ follows —  gaussian distribution - # mean §= variance
W Z 7 & 0(s(i) = (,Us(,), s(l)) Hdos(i) 2 A& % 0Bk gt idhisnake o+ /‘]}{F’R“
p(l; [s(i)) = g(1;;0(s(1))) (%)

a

oy 1 C(x=p)’
g(X,@) - \/27[0_2 exp( 20_2 J
¥ A -bias 4 p i kepEiE o N(B)F 1L L
p(T; [s(i).by) = g (f; —b;0(s(1)) (6)

snake-independent % FE A & B ¥ 02 B &

3
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p(fi1b) = > a(f —b;0(s(@))p(s(i) =s;) (7)

VSJ-E@
HY @4 #G snakes chfk & 0 5,4 O ¢ % j B snake o B F - B ik B R 4TS E G b

B :i (= EIJ ‘/‘ £m|ﬁf%}§—mp (£ j{f&EE ;g’\mﬁ‘ﬁii A lrl7 p

p(f1b) =] p(fi b)) (®)
vi
R R RTL 0 R AT 0 E] i 5 A
f|b)p(b
p(f)

T ApEE ;ﬁ— d 2D cell competition ;% & ;2 22 maximum a poteriori (MAP) k& 32 % f pF:E
W RS Bt o RS S 4 )J-.faali minimize 2D cell competition ;# & ;% ¢ cost
function s 42 ¢ - F PFe B &

B:amn?XMbH) (10)

A.3 Missing edges ~ Weak edges £2 False edges 2. 1§ B]

AE AR A T o g BRI S Bt M PR s 4T o TR LI A 0 cost
function > & B KixiE o §RG ST L S EEBRFSNTR T AR FH 0 RIALEE
3= B AE > 4~ % F_ missing edges ~ weak edges £ false edges - it ¥ % & s+ 0 2D cell
competition JF &2+ A A R 2WRLGE R FIM AT - #antE Y o F IR A B Rp B
CER R o N ERR P BB PR DR A A 47 3N o R M = RO RE o

Missing edges & & £ d *tAg il L A BB > Gl EL O A TR REEET S
ﬁé%ﬁ%&ﬁw&@W%ﬂ@ﬂ’EET%ﬁﬁi%ﬂ TAERD EE TR B VI-A-2()
v & 5 2D cell competition ;7 5 2 #r k@2 & F g o AA T BEHY B3O EF
SRR ARG A BT T avehe R E A RE S APT LR LN OT R
F RGP CTREE o AP E D g A B B iR i % B-spling 9
EETHL (WRVIA2C) - #F AP TA P ERBETR KL RAALP R 2
KT R BER SRR ARG o i % o AT 2t Bespline e N R b G RIT K et
IR RS R o
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(a) (b)
B VI-A-2 . (a)%8 ™ > h éaﬁ (R%) 715 A : R &2 5 31; (b)2 2D cell competition % & 2

fdyene 5o (0)2 B-spline T i it 1 ervhgy o b o

Weak edges c= F]i% 7 > § 8 F] 5 A B g [LFpiT 0 3 h A F] 5 artifact 0 ~ 5 o0
EFLF A st B ST e T (7975 - B VI-A-3(@)#77 % 2D cell competition i & i 12
TR NS BETE D TR keod 3L b A hE R B 3 0 i 17 2D cell competition
WEE A S i T B 4ol VIFA-3(D) AT o s - BT i AR - Bt
6 snake » HF 45 H R K AL (g T AL AT S RIAPHRT) 29 FEREFLEG 52X

watershed transform #7{% ¥|sredge > * # £2 snake eh< d& il § & el F o

B VI-A-3: (a)- B 2+%% » 2+ + & 5 weakedge ; (b)i2 * 2D cell competition ;% & ;= » 123
WengEer @ o 0 B4 & Flweakedge @ A v @ B 8RR 4 o
False edges R % & 7]t 47 je oy p 303 42 v § patterns » & &_artifacts - False edges
WEARL RS BARE A F N0 o A R OR FIECRE P IV VA AR o ARE L R
Bl PRORS M & - B TR N2 - S RALE - 1B snake cif s
FHE A Ee— HAIT 2% ok — B osnake #rdy it e E - B R B S rERy 0 BIE B4 ek
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v R ORI R RS SIS LR P e dok 7 0 RIS B snake j7 S T A i
Bo FFAPT - fpihsnakes  EH A e g o P A RIFHPF hsnake > T HiF

Ee B PR RBEE ARSI F N Mo Bola 3 0 B VIA4@F 7 - B A
12 2D cell competition & & /2 AR R DS BET > MBR A DX Z B R - Flosiris APV
MR G A BRADESBFEE A B LI RIS ER A Y- 25 > BREBN B

BHEE S - B BT LI R

Breast lesion False edges

(a) (b)
Bl VI-A-4 : () 3% 7 48 #2 echo pattern e7%6.%; ; (b)"a% ) A 4 = ] % 3. » 3= false edges -

B. Bl

BT R A RSB PRI A R B 2 - o AP A APRE R - Y
GHEAET S A AR R B R DT o gt 2 SR s B] 5 B-mode B 2 B
PSR B B R G AF e~ 112 Color Doppler 8 ifaFfic o 4 = 3g R0 15 & A 5 R

7 e ol o 1Y B-mode B ki B A MY pLa I R E A E R g % #

1> @ Color Dopplor RI¥ r4 2 %% ip Mgy i 3 2 cOAR R o & TPt 2R 5 0t = R T ¥

B e (A et T AT e o

B.1 B-mode £ i§.2 % v ¥4y T 3B Mk

Bruangdt SAZF AR T el B S ET S S S T 4R B g 3t B-mode # T
Hox ump b AR D o d N BADRF B MAL ¢ EFADT AP RSkt
B AAKHEDRE > REBAPPIRLIAPGT N B P E 0 A R R
PONERE e AN > AT BIFSE S EY S o F BN - BRI LRk R
BB SHREMIRRF ST L% ZP REN B RNT RSB i 0 DER
ik BT S BB IR R R [29] @ 1T KA ASITE LB LB B B K
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Himdvd4 20t o Fpt s pd - 2ot P o APRARADVETFER{RED oyl
PR NPT BRI AR B E AR -

B.1.1 B-mode 8 k2 % B+ ik

A SR F AT R DU LY O PP ERFEFI TS DELET o R
Ao RPN EE B ¥ - A ER 0 TR SR g ARk S S ik g
BOOWCR o AF s - Az B E R 5503 (logarithmic compression model )
[48] k3P o J HERGFH L H P DL F 5 - KF l’%\ﬁ%] MEE TR ERDERFFL Y
20-30dB 2. 7 > @iz B TR AARF L L SRS ¢ 550 (echo-envelop signal ) it £ § F

50-70dB » 14 5% 3% Jf A5 i 1 B Sp i i o R SEHE3] (logarithmic compression model ) #
M e NG 4o 2

| =AINS+G (11)

St
hr

RAF L GRBRPRONL S FF R F DA R G

& A enT B 1 ficke sharpness of the margin ~ ROI -1 3518 ~ coarseness [15]4+ co-occurrence

matrix [13]% > & 7 S_fj 8 OB ERGEEE 0+ ¢ F] i s Bl A ® o A G FRF g
Bo— AT AR RAFEET L BREP - BT ALK TP R E -
20RIR RS EX TIPS TR AT EGFAFS S 2R REK TR B BB

MFHTY 4 37 28GR E K/ DT Z RS R I HL[30] » % 5 cell-based - region size
fr sharpness $ic8 B i o 9 & Kd R SR e AT A 0 0 8 2 TR E S it TR 5 o

sharpness - @ if ¥ < normalization B| & "% i< % tv 5ok T8 S enhf 4t -
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Cell-based % 3 ¢ B i
Cell-based # ek & f8 2 2E 38 9 35 AL b or L Bl amdfige o & 2 F5 00 i SRR AT 4 4
Fljde e R it S 2 LB R o 31 EFRB P e AP 3 Mg ROl A R

= cells ene & > @& - B ocell & B3k o AfEL L o cell B9k e FI¥%ES - BER
A K o om F M aE & 0 Bl EGd Multi-scale Gaussian Filtering ~ Laplacian Filtering ~ Gray scale
dilation ~ watershed transform % = & # AT A T e watershed -
d A3 AR R F B e MEht g o Ft > G watershed 2w o B i JE A G
W R R SRR A R A O R ik B 3Ry = 0 4 B 5 1 Multi-scale
Gaussian smoother ~ Laplacian filter §= gray scale dilation » 4 %] 4 52 4c™ o 12 B VI-B-1 & &) » &
P g cells ciE4z o B VI-B-1(a) % — £ 4 &5 % "2 423 B s ROl » F] VI-B-1(b)h
0od W A G B MR s e o L 1 Multi-scale Gaussian *% i ROl p ehjein > @ 35 *
Multi-scale Gaussian smoothing 2 & p e8 A '% K ge3n enfe pF > 5 JUAF & B f247 & e A o ]
VI-B-1(c) 2 & ¢ 17x17 eight-scale Gaussian filter &2 {5 @itk » H ¥ 7 L2 2 Rj o

HEAR B 1C P % o

EF{E @+ Laplacian filter & AU B VI-B-1(a) 82 if® 1amg iz o AV iz A7 8 R A )
Bl VI-B-1(a) ¥ #? o EF LS AE IR FEE S - B speckle o 3 s B AR
i>x &5 cellse 54 Laplacian filtering & » B2 1P R A R endRA H % 5 a5 040 > @ 8 a3k

AR S R eIt e o RnfE g 3 (8 R ok ~ watershed transform ¢ 0 & 35 ) watersheds 74 2
1 cells o H 2% 4o VI-B-1(d) - 7 g IR & & Kehie 2 4sg it 0 0 Flpt a4 {7 watershed
transform p% > ¢ J& ¥ i chcells o
‘518 multi-scale gaussian filter # Laplacian filter {5 > #7& 1% 28 e 0% 38 & gray scale
dilation - i > 2 8.5 7 R TR PP s PHEF 2R P I RENRROEET 3
35 WG deficing 2 e WK i@ * watershed transform £ £ cell B - 7 g eIV A g
+ 3 B %% 4R VI-B-1(e) - B VI-B-1(f)#77r T 5 Bl VI-B-1(e) 5 ¢ watershed transform 4 3%
6o st lacell 52 B VI-B-1(a) - AR ¢ ¥ P Ry 00 R4S Y G PR R
e opcell Fige g
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B VI-B-1:(a)- BEF EMHF % 2R B GHROL; (D)5 ¢ W AR5 g BB ik AR
()5 d 17x17 elght -scale Gaussian filter @2 s e > 2 P ¥ e d x,ﬁ;_g B b oengd e i
i % 5 (d)i5d Laplacian filtering (8 #7@ ch@ih B R AR IR H 52 8 ets > &

SRR A R A R A S (e))5iB gray scale dilation #7 8 B eh i B i ] P BEE G T
foAe o ¥ L i RE DR g B ()51 watershed transformation #118 3] s cells » f 458 1@ #ix
= PR EE T gt cell e 7

2000 MAT S AR L Sl B Az cells & 5 R cells (TP 2 cells)
% zoud s cells (s b 2. cells) - Cell-based sriic § 87 f 4% e 4345 B VI-B-1 ¢ 276 .% cells
grzinfgcells > #rhed Mk ehis oo kb E ¢ o AT 0 BT 5] & 4 40 cell-based #
¥ % it ic - & Normalization h= i R £k cells e & vk 1 2bmi g cells chseis £ o

(1)

o

- 1 cell e~ A FFiE 5 & > vt R R cells 22 257 % cells 22 cell 3+ B s fd b

PR Gl & - B cell Boehdx fE AR A o R IAT MR cells dhdk < B e s 12
2 irg 2brd R cells ehde X B ihfe o RS B & (E eodp Foor Ao By 5o+ mare
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P gt cells 22 2Lrd % cells B % 6 25% B~ (B o

(2) Fafdzbmgcells ® & - B cell ehd @ £ &893 2% cells whcell &+ & f.1)
H mean + standard deviation Z_3% 3% ROI = threshold - 12 gt threshold 3 2 # » %3 g 6 %
cells 27 25 %7 cells # cell & + & + ** threshold v cells o gt pF 2t i3+ 122t 5 %6 82 cells &2

Lo s cells 22 cell o+ & erfoagnt & -

I v

(3) R cells 2 cell &« & & cell L5 S A R

Region size % 3} §° ¥ i

Sliding-window % s {2 g ficehzk & 152 £ & ROl 0 & — i pixel (i, j) 5 # > KM H
W xW sub-window erstzt it > e a f5 BB it o AP FE Y > AP REFEHA A
sliding-window % #* {4+ 82 {4 x> — % regionsize » ¥ — % variance #c % 8% ¥ e -

Cell-based #c 5 §> tf 2 fc? .8 #&d $ihd B 3k ] dp b 4 o @ Region size #c % ¥
AT B B enz B d SRR ) 3 oo frid A enB 4F 1 - Region size #c8 B ifE Aeh A

A A 375 ROI B homogeneous 347 & o £ J49]7® 2\ i &rig > 5 12 & 43 = < sub-window 3+

5 B e & - B pixel (i, j) & variance/mean ( ~ if‘u{u pixel (i, j) % ¢ ~ » I #
W xW sub-window 2_ variance £ mean > £ £ H# v & ) p¥ » homogeneous ¥ ¥* 7 variance/mean ¢
ABIT- B ¥ #co wE 5§ 7RI homogeneous & 0 H W BRI A B oo {50t - R A

-

L & - 5k ROl (& &M% 87 259 %30 (> ) eh variance/mean map - @ ROI p pixel (i, j) &

G

variance ( au? ) ~ mean (,uij ) ~ f= variance/mean (aij ) E_E AT L

1 W/ W/2

"W - Z . _W/>2<u m,j-n (12)
1 w/ W/2 )

W_ Z Z(Xi—m,j—n _:ui,j) (13)

=-W/2
Uiz,j
Qi :,U_ (14)

ij

H¢ x . #_pixel(i, j) e gray level - W xW £_ sub-window size -
Rig - map ? > 10 E - BEL fE S Lo w ¥ 0T region growing o izékF — BT 3 5E g <
i F ?;ﬁ Z_regionsize - 3 o — Bt gole e T R o B & - 2RAT(E ehregion size § 4t

e FME R F eiregion Size AR 5 TR B 2L R 3N [ 2_ T $5 region Sizes st E o
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Sharpness % & 1+ 8% ik ik
40 %>+ Cell-based fr region size = #F#c5 B2 if 43 ¥ € >4y i de kR > sharpness #c 5 72 4%

AP E R R ERS S gehd a AR A B o WA R sharp et o B 1 -
%ﬁ’ﬁfmiéaﬁﬁéﬁi%ﬁwﬂWﬁ@w%wa°?ﬁﬁ*%$:iﬂ—’u@%%
i+ E 1

Bra? CHMZAFRFE O FELARFSY EBRN SR A E DT S ENE o (T L
%ﬁ%*ﬁ”&oﬂ:’%ﬁﬁﬁm@lﬂ—%&¥évﬁmﬁﬁﬁ&’u% g B R T
=+
:f-

B i %é_' FK - ’B‘Bj_\ﬂ‘mﬂ: %\ rﬂ\'&\-"ﬁl‘ MVQLQ

3

e
peiy
o
IRy
Nid
(i
&
=
hg

20 E kS ABcK TR sharpness BB B AR E SRR S G R e R T
BHEREBAEE L b E o 3 LH > Th BB e B8 1 % % normalization factor 4
¢ oot - BB IR AAH A B Az Ak RFecho ¢ - speckle %t 3k i [ cnoise v fe (i

log transformation 2_ & » 42§ A # T ® 5 ¢ > speckle © #& % 5 vzt noise> @ ¥ Hg &

(Pt T wRd P EHRELRL2 ) AR R AN T LR Fa T M o 7
SRR R R T R mﬁrﬁﬁﬁéiﬁﬁﬁﬁﬁéﬁﬁ@ﬁﬁﬁ°

B2 BR¥ Gtk

P FRIG AT T R A N RBLILT [RA AR ARk Suenak B S R F
*ATH P i B B RS L - R f(B-mode) £ 17 A7
FORT M ZAZT A AR GRL oy EREZ AR Tj*uﬁ'—*— ’}ﬁi?fp%““ o AL FE
Aozt 8 TR % (Strain) | 3 & & 2 R %82 th(Strain Image) %k | %7 e sk {4
AR T Rl F T R%A4E & Bke(Strain Compounding) |

B AT F AR AL S L B e G Tl o 2R P R B KRR

EECECLE I RER-Al IR R RS 1R AN AR VR 0 RS Il LS

§=;
3
kX
-
W
%P
e

[
b
B¢
P
s
&S
&

3

B-Mode # i B8 vy crith 3 o £ A5 d Sl i 2 a BB - £ 2 P E AL F R A
ek REEoyE S R R FV A s R R R S R A Gt SR SR U (i S
Pk 2 MR R B 3 > LU B-spline function 3+ B ¢ & chih By o FEH ¢ E B - Bt g
o S - DR 15, - LA < ﬁ%l » Linear SVM system > = 4 SVM Classifier 1 i¥ip|3#3=f o

dONHEARD % B E P PEE SYM A EERE A SR ST B A 0 FB S

SEPEY AP EFFLI e L e ATRR R Tike PP B ER
B LR < OApk o DR AR R TRA B R 0 R Y Sl TR R R & k2 i SVM
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classifier & jp|3& =% » W 4 2 $p ™ F4 2 Bagd o

B BT FIR 0 B B R AR ie g e S S (e L8 % BEF Sk
2)1e(3) > F - LR HE R LN TR S AR LE Y E S S H(1) 0§ Rk
I ¢AM Bt s M(doy L& % E + & 442(5)) > #r§ A P E R b ik L F oofek B ik

- g

NN
—\

RN 3?5%‘]'3\5’1”’ 3,'%,{%:@ % &1 0 g ot :}-_3—2{;;7}%3&? J‘lix‘géc _f_%gg{:]im}uj;i;, R 4T

-wa
‘Ev
e

)
\':

vk, F g Xivs linear SVM ﬁg,] r e $HEHE SVM A S B R 1T IR
e T L BT TR RN VR TREHE I E 2 S bt

* color Doppler $£jirst 8 o F 425 f0t 0 @ A B enfamiide 2 o
d 3t p @ % 9 SVM system % linear SVM system » &% = et @ > AL B R
kernel function 7 SVM system » B4 poly SVM system 14 2 rbf SVM system > & iTip[3& % 3% »

D IHLE N RS A

B.3 Color Doppler # i§.2_ "6 ¥ 1% ff *

AR KAX § @R AT o B A4 (angiogenesis) it s A2 £ P 1 EL ek s o £ H

R SRR (FUR) R o H - BB £ Al FAS A T AT 0§
B E 4 - f]%j;%i?sf (oMY chime | A ST ey R 2 5 § >+ ;;#H% g pe oo
- Lo A o MY wj BARRRD) PR EEROE 2R - S BEA- RF S L EAT
LR HA A DR R L BT o § RS R bk § TR L T R e B

4 & TS (angiogenic factors) s rlvx gl 1'\ :f’_:‘_,fém’?’? Z n ’Et E’h]j\ B imPe > B2 H i‘a EAERE =514 IL\ ‘tt:‘:ﬂ?’f'?

M

HRESIEE S 2N R R e £ wﬁ@cﬂﬁﬁﬁi’”ﬂﬁigi*ﬁﬁW@Wm“
signals) » 4 (+ cFap AL dmse BL$FF i § AT L (£ & e i (differentiation) b P

% A f#pF(proteases) » i F AET L TG EEE eniEr A A P AL T BT b 's 2
> REAE A ML wie BT R o R PR g RS RIS ke AT R AP TR @
?i%ﬁmﬁxw@%i&ﬂﬂ%%£%+%ﬁﬁ”?5’ﬁ%*‘““%iﬁﬁfﬁ‘”%”ﬁgﬁm
i By % [50-52] o Mk F LT 0L E Red Y i § A GBIk £ [53-54] o it FE

5=

NEN
NS¢
Qo
™
ZZS

W\ﬂ

£ % ° ¥4z i (color Doppler ultrasound - CDU ; power Doppler ultrasound » PDU) <3¢

bl
=
‘”1

S F i ehg R RIATE M R R R b R B enTLd R B g R
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B AR Hi PP o] g0 H %’%”3 s (3-dimentional > 3D)Ag § i s jisr » ¥ 11 ig 7 PDU
i F A ROERR R LA P BB kg e R I 2 i B Bl p (3D
power Doppler angiography (3D-PDA)) o £\ i ¢ 5ig 7 7 ~ & 12+ 2 7 » 3D-PDA ¥4 %7
SET E[55]o A e M Y I £ TR H AR PP RIBRZ R B R B D it B R A
Fpehg B dod s #oRE L F AR Nk o RS BEE O RBDF R 0 ot e 70
¥ % # v (vascularity volume ratio » VVR)+ ¥ i % s § % /& (vascularity density) - s+ & 2 & e if
SRR AR S R R PTGy Tl A § R AR

G BB — o

EH-EARt Y o g R RS BT A KA R o @ ¥
Rt E Y o AL B R R O 3 R SRR L LR
@17 R AT AT 0 B £ 22 B-mode & R R A & IR AR R ik o B
HAEP D G P2 RGP R LA e BRG] 0 R B gAY el e
B R BEPE PB R R 05 24K H33E; 420051 124K P
43 5 AW LUQAAE o MBS 6 S A2 AN FB 125

C. FH#ZEw

ALY (datamining) ek kA HUEF A B Y 5 B R M@ R Ao © 5
FH S B GRS 1 R B A SR b RN TR Y PR
FTHREL R FF g AFYieahdd o APy Y o THFEMe 28 BALDHR -
AREHCGED ) ¥ - A o AEHEBoankfeY o AP ET N ek Bk A L 2 S e
EER A a5 7 @ MR S ¢ A4 #r3) ehcurse of dimensionality R 4L
[56] - Curse of dimensionality Ay TR S AR AR IR Y o TREAT L
TEHEBRRAgm REBARAFIEAZ TN L RDGF o4 FP PRI 4

T RARFHAER  PREAE B auE s o

C.l #HE>

BHCGE A S B FE£ 7o £ 5 P 7 Principle Component Analysis (PCA) [57]# Sliced
Inverse Regression (SIR) [58] % = ;% i& {7 dimension reduction 1 % » -4 e p " M3 + 5 i >
75l o RISEF S AR R (TR — F g B o

PCA B3k - # 3 p ® ~ % chrandom vector X » # mean & 5 u, ™ % H covariance matrix
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% X o F %+ > mean {- covariance matrix ¥ 2 * sample mean X 4= sample covariance Y i 3t

_ 13 R 1 Q& _ — y . o .

Zoom X==) X, 1% 2:—12(Xi—X)(Xi—X)t o ¥] 5 covariance matrix s nonegative
N n—-1%

definitt » % % p @ orthonormal eigenvectors B, , B, ,..., B, * 48 ¥ *% eigenvalue

M2 22220 #&#® Z=PDP' - & ¢ P=[8,4..0,]  PP=1, 1z

D =diag(4,,4,,.+4,) = & Z =P'(X-X) » B E(Z)=04-Cov(Z)=D - 7 % Cov(Z)
off-diagonal ~% % 0> Z ¢ <% 3 uncorrelated - 3% Z=[z,2,,..2,]' > Rl §i=] >
z; = Bi(x=X) » Var(z;) =4, 1 * Cov(z;,2,)=0 » % 4, > 4,>...2 4, >0 - variation o z, |z b
TR e & FrEm e B BHRE e B0, P KSpo RN A FaciEw § (feature
vector) trvariation o m FpciE e B eha R 4 T R o

Sliced Inverse Regression i # SIR % Li ** 1991 & #73% & - § response i &p¥ > SIR £~
A AE Y G 2 £ oo & SIR ¥ > AR responsey E_SX, £,X,..., B, X 2 random error &
e e

y=f(08.X BX ..., BX E),

HY x §- 2pxl&fes € o p2k > M2 (L, f,,....[) F @&k 1> % o B SIR £473
Ty REBEFDEX]|Y) o 2w &P = E(E(X |y)) =E(X) o fregularity i & > Li %

centered inverse regression curve E(X |y)=E(X) ¥ &3t - k=t 7 & - Chen {= Li = »* 1994 #

=
iR

—
ETTRN

#ept — 2% i * 3% discriminant analysis e classification 2. B &% o H 2 % Bgon gt - 2 F g
Fisher's linear discriminant method - 4% i (generalization) - ¥t g#fm 3 » NPT HEP & 7 3

g-1@ 3 @R E M3 B o %&{;ﬁkSQ—l o
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C2 ~#

BAZE AP DTS R EA S LER ALY o EAK e AR A
EHw AT ez AR E 0 & B 5 Logistic Regression Function [59] ~ Support Vector Machine
(SVM) ~ ##4 5 e B fea SE 4T o Logistic regression function & g #* *t#-F L4 L & $gen™ 2 2
- o @ Logistic regression model & - i nonlinear regression model » i&— & model & 5 predictor
variable {- normal error terms » % 75 5 T 3¢ ¢

Y, = 70 +
1+, exp(y,X;)

&

H ¥ g 5 errorterm € - i independent normal with constant variance y,,7,,7, » % #c° ¢t Logistic

Regression Model = logistic response function =4 7 253 4 @

ex + B X
1+exp(B, + B X)
He B,p E%# - B VI-C-1 557 3 - & 4] logistic regression function - o B ¥ i # g
31> logistic regression function ¥ 12 #-R >t @ sgen T AL aopEgEy < > A R EER LR L AP

kg o ¢ ¢ * logistic regression function 5 & BE 4 27> jEpF > AP K-A R - BB MIRE A

;{gc} logistic regression function i&— # (i HHGE P > UH B 2 el FEF o

12
1
08 r

E(Y)

06 r
0.4 \
0.2 kL

0 50 100 150 200 250
X

0

Bl VI-C-1 : & 3] v logistic regression function -

SVM & - #5 ¥ » S8R s w52 (training algorithm) » & & 3& 0 & 5 end ke & [ 4
FALA A Fenlew] o [ H ani o H R A~ X,y hi=1.. N, y,e{-11}, X,eR" - H?"?
y; = 5 W48 > B SVM 7 L & * mapping function @ - -3 map 3| # # 5 Hilbert space (&
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FiFHz ) » ¥ D:R" > H - ¢ mapping function £_ — i kernel function K & § 1.2 -
kernel function K f:& & Mercer’s condition i & K(X;, X|) = ®(X;) - ®(X,) = #Ris 2§ AR ¥
Hez BHY » R fra%%fr} Bl EER S V2 RIPRGFOEP TN FH AT AR T G
(hyperplane ) - @ ;43 3 # (decision function) + 2 &
f(X)=0W - d(X)-b)
= G(i Y, ®(X,)-®(X)-b)

i=1

— 0. yarK (X, X) ~b)

i=1

1 ifu>0
o(u) = .
—1 otherwise

hod% o7 5 00 HAergan X, RIFE S support vector o - B SVM T E F 5 o, i=1...N - @

F e ;N2 - % g LT oehs b cost function -

maximize L,(a)= Za ——ZZaa YiYiK(X, X5)

i=1 j=1

subjectto 0<¢, <C i=1...N

N
Zai y; =0
i-1
HC i HE R - Bt C o LR F R AL S -
BA SRR FARRKRITLLFE o« FIZ WARFT s a8 3N ari * gl 54

B #4e @] VI-C-2 #7757 > foutput layer ¢ = 5 — B4 55 o @ & hidden layer 04 (&~ #icp #

=N

e AR Ao U R o 8 MEA SRR T AT B > U NI E R B A S G o

3

34

% logistic regression function 7 583 > & £.v & i D4 5 e KPR - BAEA ST
RO U Y FEE YR (EATREH ) AT P 0 AP back propagation

B % ke multi-stage feed-forward neural network (MFNN) -
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inputs  hidden layer output layer

B VI-C-2 : = i& & #g < multi-stage feed-forward neural network -

AUERTOREE A F ARd - P T e RS FMENE - BN E R -
HE - BogLs - H¥hadics 75— B link Pl 2% - Brerdgulad & o - ka2 o A%
Mg &7 A 5 = BI0A D24 (build tree) fr#tAt (prune tree) o A SfAHeeE il
Ao L R AT TR R Y TR 3RS R s R 2 A e
(splitting point) #3444 o @ 5 7 @ d ~ sphtd F B R F Y (overfitting) eh52) » A4
gHr TREERE BIERE CBB BT M X LT ERFY 0 L
VRERETEEADER Y g F A RABEADFRE SR - RGBT R gZEET
RA e BRUPRRTORPE S €33 = (R RS o

v

BELEALIEX T ALAMA N Ew 2 Y (Prepruning) ~ ¥ {212 § (postpruning) - ¥
P A G SRR AT AR LR H A B - BEETAS Mgk K

SR PP LG R B g B 4R o g R AL B E B £ P RS
FEEERFEAG Pl & % MNP HEER 62,3 2t TEB TR IR 23 E
(fully grown) st b > 1% & Rehig i3 #5053 @ & eha & o i L ahif B2 25 Bl A i
REBE S o G REE TR dok X B S BOML g2 S FERAOS I RF O RFET SR

Fo2oa- R g o i o gRai o 040t 2k TR i 2 AR SUE A SRS B cha SR 0f

&

Wl

22
ELS

BEEo¥ - BR AT ENT S 2 £ &) 4cit £ B (Minimum Description Length, MDL )
FRR] o gt i A R A R I o 45 D B TR 2 A T S B i chA
BroBeAMDL W £ 7 ¥ 28 5ot ¥ R Evafgdd {7 e i il AT
Fd TEETRE ) RERAMAR MRS AFSHENL AWM KRR A
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bk h o A B ] LR AE - BB TS iRt o BRI Logistic
Regression Function ~ Support Vector Machine fraf4? (5 5 530 % 12 R 5 & BLen2 870 dc o 4p ot

— R A T 0 2 ST L E R L S A RRT AL

D. - #3321 (¥ p

(ﬁm

Fh-eddoer o Rhbh¥- 2352 (TPREFED
R TP FRFRBiTe UT o APLFANAEY - &
RN FIE P R FASY cRBFAPINNIDOE S EFF A DLIEAED T IURP
3 N Rt R A0 R B R R AL (FIE P ES R o
Y- Er3E¢oendgel $ o EIFex A2 1 v p (for reference)

(1) B-mode #: i~ Color Doppler #? &2 8@’ 2 fc b 5 % - AT/ I o 2 F2

be r AT TR ¢

(2) #34 CBDS 2;% #-3]# Cell-competition 25 % -3 2 & it it 5987 § > & B A% missing
edges £2 weak edges F* {E 5. PR 5

(3) &F#52r a5 1 CBDS 75 % H-4] 22 Cell-competition 2 % 3] = 4 17 2. # Br e o 45 4 ;

(4) Ai53 % k558l B2 sharpness F & R gt iz F45

(5) R pPHEE RSB fAFMZ 7

(6) R 322t % Logistic Regression Function ~ Support Vector Machine fr#g4? 5 e 88 % 4 5
2 SLES T

(7) RIFTI %R fhatfire seie 22 7 R

(8) MERF ipArmii 2 ¥ FRER

(9) % %8z 2 Sl B2 E5 kgt

(10) = i FHF RV B GA TR Y 1 8 2 g > L B PFgeca o

(L1) s 3 B % A0t TALEG A5+ 2 A 3T 1200 GIFF2 535 A 4 > #Ae st 2%

(12) & RlZ# -
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Frens - EFER N2 1 ITR B
(1) B-mode ¥ ~ Color Doppler ¥ 427 288 th2 Jc & ' #FH % - #3757 ]ﬁ’mji»]’z;&a FEID e~
MERDIFARLS

WP R R A B Ema A1 v P (DR R -
(2) CBDS A %32 B %
WP DML RAEIINF - E3FY =0 LT R ERL FEE f%”—%i’if%%%fza
PFHchiEP > by - &9 > AP Lt Ry B CBDS A% 3 chRd] > @ 3 B
3D/2D-series Cell Competition ;% & ;2 - CBDS 2, -3 e HF R 2 ¥ - &# 222 o
(3) 2D Cell-competition 25 % -7 2_ & i i* %7 7 » & 2L > missing edges £2 weak edges F* 28
PR S
PR IE LTS Rt A D R o
(4) F$52 %5 11 CBDS 25 % #i-7] ¥7 Cell-competition 25 % 03] #7 18 2_ #h By e 43 i 5
LR I MBI ITAR - £
(B) BiTH X J AL T BB PGP FS

WP AR EEI P BB A Az F45 0L sharpness F s Ao A FT R - £ F Y

"

X
©

FAH R MR D B F Y Fer

N

bl
o
+

~

A F S %ﬁﬁ{ﬁfé\: Pl 34 222 R gBp g
(6) BE&APHME RSP HIFHL N
E R R R S R
(7) B3 22 g Logistic Regression Function ~ Support Vector Machine fr#g il 5 e i % 4 4 B eh
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