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Efficient Speckle Tracking Technique and Its Applications
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ABSTRACT

Speckle tracking is an important technique in ultrasonic imaging. It is
used to estimate the motion (displacement) between two images and the
estimation accuracy determines performance various speckle tracking
based imaging methods. Unfortunately, speckle tracking is
computationally intensive. This limits its applications in clinical
situations. Hence, how to improve the computational efficiency is a key
issue for the speckle tracking technique.

In this paper, an efficient speckle tracking algorithm is proposed for
motion estimation in ultrasonic imaging. Speckle tracking involves a
matching process and a searching process. The matching process is based
on a Block Sum Pyramid algorithm that reduces the computational
complexity based on a pyramid structure. The searching process, on the
other hand, is based on a multilevel search strategy that greatly improves
the computation speed by reducing the number of blocks needed be
compared. Both simulated speckle images and clinical breast images were
used to test the performance of the proposed algorithm. The results show
that the computation efficiency is improved by up to a factor of five over
the conventional approach.

This new speckle tracking algorithm is also applied to the strain
compounding technique for speckle reduction. With the improvement in
the efficiency of strain compounding, other related researches, such as
tumor contour extraction and feature selection, are also performed for

breast imaging.

Keywords: Contour extraction, motion estimation, speckle tracking, strain

compounding
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ATEEY MACIE G B ip S B B R R of R (T PRR L
AT EEER (5L 2-1 &) B e BERI R T AR T K 3 B
o fod R ide o
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2.4 A2 AR hsr BRI BT B 2

BRI RS A R B G Ty e THF | A HF A K
TR Az 'b%ﬁiﬁ*t$m€£ﬂ+o—ﬂmﬁ+iwﬁ
FacR] 2-8 9771 » = ~ ¢ BIA S & 5 B iffrrt e EEIELE
Lohbie iﬁﬁlw*%ﬂﬁ b R i ) e
3 e R ‘}ﬁ_ii AT o AT R B S B b & — 1B Bh(pixel)sfS #
TRl oo AR o AR BTY o R BB &R &Y ¢ A
B it = BROB BT TR EERELY o FRE -

* % B.(Template Block) > #* % & ® BL & + F| R0 % & iR gL %

W RS P A e eIt R R Y R AV B iz iE Bh(Candidate
Pixel) T_& 11 ¥ # & % B % ] 4p F e9i% i % S (Candidate Block) » 4r

F R R A B B SRt eniEE R BUR hp v )
+ 4p B 7% Bix(Correlation Coefficient) 2 — 1 2 i cnE B2 e X FHE
fe(Sum of Absolute Difference » f#§ # SAD)3* & @ 1 o SAD 2 % & 4v
2-7 5% ¢

-

=
ETIRS
N\

\

SAD,, , (u, v)E |I (x+i,y+ )—1,_ (x+u+i, y+v+])| (2-7)

B oL B LN R ST RGEEHEG O A2y v

GREciER A B AR A(FE)RHL L o gl b
“rf g E Bhend ot Y - F AR T_#& 4 F AL ¥ (Search Window)#1
AT IEEARE AP A F B :ﬁgrﬁfla%@ P BB OARE Y&
B Ap DA i E BT TR S8 B W) BB E S AR
KA R 3 B P ﬂf'r*,awri\ d + SAD 5 fj B

\\\?{r

FEINEREDEFER > TG - BT @ F 4p R g R S 2
HEEHY V- BAIP RS RPT R A EEAF BT R Y D
% % >3F 2 (Full Search) > A &L & » AIFART P hE - BLF F

i gL J‘.,,)fﬁn)]“:‘<>*+= F iR b » R HEFL SAD B L@ 5> 4
7@6_; full SAD- iz 4& full SAD LEPBX F L IR L4t PFERAEE
R ;ggﬁﬂgﬂgg s ] f—?iﬂﬁ Eoo A gArs 4L pE S A4 T pE
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(real-time) F7l 22 B3R 2 WIS fRA FF BT < A i@ v o S
TRELS AP LB F Y R TR L AT R I e
Fod P mEBLEBUFE 2ok RAT G AEEE - LR

g E R Bl o 7Y 0K ¥ 38 o2 (Ghanbari 1990) 5 ¥ - &
BB FF gy 2 R B ap i e gaii o e it

i #2.(Li and Salari 1995; Lee and Chen 1997; Lin and Tai 1997) - & £ >
TABESEY TR LA A B- SRR LAEFEERE(LRE 242

%o&“’Eﬂéﬁﬂﬁﬁ%imﬁﬁé?uﬁﬁ%%?m’
Bigri AL Fa BT T (B E RS ng ko
Template Block Search Window Candidate Block

Reference Image Comparison Image

B 2-8 HARH - ZERHEIIPFRTZT1E
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241 srghiE gz H s g

AT ATIR fmﬁ%iﬁj’uﬁﬁ/z‘ BEARFE Y AT 232 452
®AF €2 1o A WBTBE B PRE T R fED] > SBRE B T
His g™ K o A e Ag f A BEE B S U R
#«(Trahey et al. 1987) d et 2 M ik RO A N R A 2
BRI Rt o T2 i TSR R AT S JK%@#WmW
MEF > R e Emn s v BF Y %?fﬂ%iﬁxﬁ ¥ 2
THEI L FE e R WL T LRk TR S LK 3%& ¢h— 7};@ g
GAETAERE D Vo ¥ b mrERE i TR
T KET R PR R BN E R ERETTE Ao TP W
Bk 3G RS A TR BRI R BRI BT R 2 %?EMH’{:%E
3= (Gallippi, C.M, Bohs et al., 2001) » F]p* > 4o I * Poif saBLiE BiF

-~

N

Ex A REIRRENF B EL TR BT ’%L TR
b EGRTERI I AR ETRRE L TE DGR
ﬁ.'_‘jz-g "m\z%({"
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VE K 0 Reid A BB (E\ﬁj_‘ﬂ\!:.lgw NP ERV L 2 Bl
2R H - SHEF O B o fINAFF F £ (Partial
Search-Set Technique) ~ 2 = 5 "% ML 15 AR 745 S8 & » dodR 4 Wb 4445
%% (Partial-Matching-Error) 2 2 50 3 $52_ & 52 o % - $/g B2 1 &
PLE G R ANAFRF P IS R LG H ta:%r(SAD) B

R FRREE LRV AFE R R A BB = H R
% /% (Three Step Search) - jbr g ¥ #. b 7 & 2 (Multilevel Block
Matching) % » gt * 2 ¢ ¥ < tpR A FEF R > L L At AR} J?u
AZRBAR2PFFE VB LY Y o FREENA B
Sv o %’g d Minkowski’s inequality 2. B4 K F I SAD ' #& > Gl4r @ F
B £ F 3% 8 72 (Block Sum Pyramid Algorithm); X % = #g p £
FE WA FFEHT > blde o fF & 2 (Hierarchical Method)(Nam 1995) -

BARFFRAAPGF B Gk a2 Rl i jgh2md g
BREFFEEF T AFPEM G(trade-off): A AT FB R E st 0

EESERR RS & YRR § *F“%ﬁmkfﬁﬁaﬁx%
L—’i&ﬂ . &2 z»f%iw,{h‘fﬁw FoNip R adgd Uitk s s
FRYBamEE > LWL FERETH
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243 # i+

% H = o] P~ (Sampling Interval) 77+ &
54 AT i B § k2 w0 AP Ak i B oh 4o Bk Bk
B 2.7 3% @ Sampling Interval - Sampling Interval 7% % §_#& & frif &
FRALREAF LA NFT A RRY PR L RF BTy A
EEGERAOBAO FT AL BRSO ER O LB P K
i fr.*s“i?f%’“% Mo, B L R PR § - B E R HuREL o G
TR GT e 2 =8 R ¥ Sampling Interval R 7% > 2P fw
A G o i e A iﬂa vhed 2-1@) ~ () o 2P F - AT
Sampling Interval = -|: ; % %&“a‘ﬁ 41 % Sampling Interval & e% 3 4p 4
S FRZFREE N RS TRE A TR N B R Bk
Bt L B2 % o A 2-10 d A R4 RBL L ) G 2.64 A x2.64
A(AE4F AL > 50308 mm)> » &% — 7|7 Sampling Interval
fgenT® B s 133Ax133 4 > Bl &7 ®RH% 5 R Kk 1/4 (1.33/2.64x
1.33/2.64) » * . v2 ¥ Sampling Interval 5 2(H =k 5 2 (pixel) > ;

” 2

- 973 H 1= i{ % Sampling Interval ¥ =3 5 % 1 )- % Sampling
Interval 3 e = & > HAPE 2 o~ | 5 R K 1/2x1/2 - 2 & fEld
iR A BRz A G PP E > 7R A Sampling Interval &2 5 0.325
Ao RLE g 7};@_??;‘2 R iﬂu#irf{%:ﬁﬂ?’ ES;SRIPEEE 3. A -
T B (LF 5 7 7] SAD 2 > 3 -] 2 (Global Minimum)> :&~ ,T}nqi'—
PRF Fla st i e Rl s 3 R hr BB it

PR H 3 WL R SO B R R 23 S T en

PRGSO - BER I B AL A RHS FE
Febu ko eE B SRR R 6 - Ao B M B R A R BRI
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Z 2-1 BT o P2 Eo ~ fe 8 T FE R 22 sampling interval cHRE %

(ay Awial displacernert (b Lateral displacetnent

Original block size @ 2 84 1 %264 A Original block size © 7 84 2 64 A

A =308 A =030%mm

Sanpling . Sanmpling .

Size ofblock . Zize of'block .

IrEt?ILr;al relative to Exror rate) II‘Eh:-:ILr'-jr‘al elative fo A4 Ervor ratel%4)
0.130 1.33x1.33 1.57 0.130 135133 0
0. 260 0. 66x0 .66 &.00 0. 260 0.66x0.66 317
0.325 0.53=0.53 ooy 0.325 0.53x0.53 5H
0. 649 0.26=0 26 16. 16 0. 649 0.26x0.26 16.30
1.2989 0.13x0.13 3371 1.259 0.13x0.13 46.00
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A4

—_—
—_—
—

Sl
B
(=
I
EL)
fro.
£
Ju
N

3.0 Hid paBEE Hi-  RHBR A F R E 2

AFTOTHRY PR R B EHRFE LT AA - 2 RRLICE
F ¥% & 2 (Block Sum Pyramid> # # BSP) (Lee and Chen 1997; Chen,
Hung and Fuh 2001) > ¥ — 3Bk % st % & /2 (Multilevel Block
Matching, MLBM)(Yeung et al. 1998) « 4cfe 2.4 & “7if » paBEif BiH &
EE GV HBEWEA B L HEARTCL P BSP FE £ o @
FFREARGER @ MLBM /82 » 2 F® > Bz gy 2
2LRTLE D AR AR B D F R HE R
gt oo H¥ o i ¥t %3t BRR fl T\:‘?’fﬁ‘z e W

AR F AN RALIEFHEFE2BSP) FE 2B p

AR 2 fw J2 (Digital Video Processing) ¥ 7 4 # 3g jp| ;£ (Motion
Estimation) > # @ & @B € > { 7 F& - 435 SAD ;2 4p
feeh® Frk o BEER BSP ¥ AR * A AR ohma B B 2 &
BALARIE P B B TR RI ALY RS 5 D0 A AR ) e BEAE B
Frd v { epicenifck Bh(pixel) & A A o Fpt o s BRI B E BB gﬁ
o ERETEVARNRIEAFHHIRRZ L AR LT LIRS TEY

B A g HRE
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3.1.1 w12

B 3-14p 41 % B8 fc & F 7% & 2 (Block Sum Pyramid- f§ £ BSP)
dynfe o BSPFAZ 2 M EF 8 bR 320 B 32 25 £F ¥ A
SEFHELE  RAK L M%w TR ATH o A o HB R
W)Y L E R L ”ﬁ*‘( i E )W B 5 2
Ho P hEEs T R 22— o BT EFHETRNTT -
Bem oo o pfEE ] uEART T O\ EE AT

X" i, H)=X"2i =127 -1+ X" (2i —1,2))

(3-1)
+ X227 -+ X" (2i,2))

315 X EAHRAEEE)RA ()N EARGAEE oM £F
ig-r%‘&iﬁhi? slodm m-1 275 m 2.+ - R B Bl o R A(2IEE)
FHA P FERL O (n h R AR AT Bl
PedE S L ¥ N E L B R BRI EE RHE 2 SAD -

:::::

SAD (X, Y) = 3 )X ) - Y7, ) (3-2)

e
3258 X Y A u AR A BERR O AFHEE K2 SAD £F
] o SAD z v" $td £ F TR AR HE > it
WA o AP F A - BEEIRRE(R E) 0 2t R SAD,,, 0 VAR
FRLZAERR I - BEEEIPen BRI RZ A BH 2
SAD(FH A BHREHAW PG - BRTE 2 FE FH Y
1y e SAD) o 424k 32 5%

SAD" (i, j)

0.
pEN (S
o
3

'n__\\
Y
T
B

Dy

2m o™

=X > X" H-Y" )
i=l j=1
2mfl szl

= Y D AXTQi=1.2 =) =Y i = 1,2 =D +X" 2 = 1,2)) = Y (2i =1,2)

i=l =l

X202 = 1) =Y (20,27 D]+ X7 (20,2/) - V" (20,2} (3-3)
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Read ultrasound images

v

for pixel=start : end (within the reference image)
>y

Construct pyramids of the template and
the candidate blocks: 2™ x 2™

v

Evaluate current SAD i,

v

for pixel=start : end (within search window)

————» v < pixel ++ 17
n=0
< n-++
\ 4
pixel ++ Yes SAD"< SAD ;, ?

SAD"™ < SAD yin ?

Last pixel in the

SAD i =SAD™

search window ?

Obtain

pixel ++ <« Last pixel in the

reference image ? displacement

Bl 3-1 BRHGIc& T FE 2 RF

£ 1245 Minkowski’s inequality (Schneider 1993) :

SAD"(X,Y) = ZZ:ZZ‘XW(Z N=Y"G )= izzm\xm(i, J) —ii‘}”"(z‘, J) (3-4)
i=l j=1 i=l j=1 i=l j=1
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PEFBESREOTE R OHWER- Bmo Osm<n> 2PF LE T

T 5\

SAD" (i, J)>§ZI\X’"‘1(I D=Y"G, ) = SAD™ i, )) (3-5)
P

RS

SAD " (i, j) = SAD "7'(i, j)= SAD "7 (i, j)= - > SAD °(i, j) (3-6)

3-6 & Tk EF Y RO R BT E F 39 SAD & AR
TR R EF BN { X ORBAIEFISAD » - g K AT
WP HEE > FI o At AT ek R AERE RRTED
EFERF - K SAD & 3K R E(SAD,,) 0 RIFE R 2 1FE F

mIEFH T IFE RH

&

Top Layer
2%x2°

ZEM A 3.6 N fE 0 A T U gt N e A 0 i SAD L ke ¥ SAD™>
SADpin » B A P2 B FE RS 0 F 2 o Pl SAD' > =% 2
r& 54 SAD v S4D,,;, =~ ° ﬁ‘*‘“""’ MUEEE P IEE BB Ao B T
SAD,.;n /| fjua%?gﬁ Wi EF BT - B SAD BREFEBREG K
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>\—

BV iEE B B2 SAD vt SAD,,, 0l 0 BB~ R K 8SAD,,, 0 - iF
TR ARE P 0 SAD,,;, EFEA RBR > A ERT 0 F FRBART
FRE o BMHEDD SAD,, » P WEFRT FRPN 25 B0 G
FARL Bl Dz E Hi o AR A TES & o i

\,
-
s

©
¥
H

195 BSP B 72> U dele H ARTTBLIE BiUw B 02 o A4t ig g
THOFARG S P RA A (R 242 &) HFALT 2 EH L
HEPEFRPGE A B E Aot R E LRSI 2N
BHAC B AT FFOFFPNEESC] B Aot 3 i S TF
BB s e B 8 R EE P ER R FE R R

N RV - TN 550 =
o @A BBt L F 0970 o HIF 248 2E2F M TR
&Emﬁéﬁzﬁﬂwégwwﬁ%%ﬂ’%&%4“a%ﬁ4xﬂw
(64><64 pixels) > m FFART 5 1.36 Ax1.36 A o T Hi JB4 0 F B
ew@ixg%aafn¢4%ﬁﬁé4++ riE g F et
(%ﬁbﬂﬁﬂ€w¢’.::?zx§ L full SAD #art #ie o

AN
Al
Tk

vy
= »
o

>

jm-

pAP ARy ¢ s L ORI 6 K (RA) F - K] e e
5 2%2% 2%l 220 0 Ry e R 2 R e M de 3-1 S ern o
FRT 2 A AE =L BAT O EP4 0 X F D3 B
FoFRAPT RS- BRI REAT TR EFHELEZF Y o
RN

6
3. 272" = 4095 o

n=1
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S
/
N

AT ATMBEHIFEE? AL RREINASE

s F| AP - B HEER R 2 £ F 8 At SAD
PEVLHEE S PFRNE E L EHEFEERE Y PRE -
f $3‘.£€,mﬁ=f *h o d @ it e BSP R 22 1E A0 F K .,3%""’?{* 2
4ot B S SAD B8 1 ¥ Ny& > @ & — & SAD - #1% F|eh
e s R Z B EEE P 4ok 3-1 Ar7 0 BAT LR E
PR B AT AN (327 1) o B %
A2 EFELE BSPEH-KALGFERILT 25 EAT

B iF 8 B Bt SAD ezt B s LIRS 5 4o T 5N

\
-

N

T,
\

3

s
o
ook A

Ny

> (327 -1

n=0

% 3-1 SAD L@’_ﬁ —E‘;J‘_]E

+ [ *] Tatal
lesrel 0 a 1 l 2
lewel 1 3 4 4 11

lewel 2 15 1] 16 47
lewel 3 | A3 i el 191
lewel 4 | 255 256 256 TET
lewel 5 | 1023 | 1024 | 1024 | 3071
lewel 6 | 4095 | 4096 | 4096 | 12287

Full SAD:
REE R A EE B2 SAD > ApE 2t A 31 s -

512 level 6> J87t 712,287 - 3% 32> & & SAD # it gz 1t
IBIYE @(f*fé])“ AE(F5 % 0 & SAD Lt %EA I
) o R % = FF N E K SAD W ¥ eniidic ) BApE B B 7
WHEZF A B A B - AN kTFL SAD 7 EE
Y1 SAD $E 5 B (5 - s|ehEfk S w 7))o A ) #cF Ao+ 0 BSP
P R iEE R L 5957840 @ THoW ok 0 H - BiFiE (fF EET

£

51,351 v Ae B R E 2122870 D1 F SR o

<
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e

TROEHL o FRARIOFE 2 G B L i o A o
AP € R E R Bdh Y (R T - &) F G Aot A ek
RELP - HELTA - PUATORE - F R Hk

32 M FERRIE R AT EFELRG R T2

bl ']}]J o

lewelO | lewell | lewell lewel3 | leweld | leweld | lewveld

Mo of pizels | 441 430 385 3la 111 39 25
Fatio (%) 100 9760 8738 | 7150 4515 885 574

IWlathernatical

: 2 11 47 191 TET 3071 12257
operations
Mo of

; gal 43710 15095 al0356 | 85137 | 119749 | 307173
cotrpngati ons
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3.1.2 582 2

U RREDIEEE BT R 2 LA AP e e I B2
W R B B2 2 o h % AR iR A e S Tk
Meunier f= Bertrand *+ 1995 # 3& 1 ificd] - B Gz 7 B9 Sgi 4 &
For A B AGE E  CRER N Lo s 8 SO
RO AR IR BT F i F BT HIFE R apEgp R FY
FOBPRLEL G5 B TR R 0 T SRR M o NI RS B A )
3w 5 0.02mm > p g7 AR FTEF A G APIT 0 T2 A 4 - r‘éré%"ﬂi

gx’{

U EL R R &k ALk R 3R & (Impulse Response) » iz ,T} 53] gk
$% 1% I #ic(Point Spread Function » #§ # PSF) » H #& % 7 ;8 40T

PSF (x,y,z) = e”[‘“ i "5jcos(27zfoz) (3-1)

AP fE FRRTH? wEF L SMHz 0, 0,fro, AN 5= B
w PSF %-6.82 dB p¥F2_ /& & % (Beam Width)' X fv Z * » 7 PSF i &
T®AE03mm @ Y % hPSF ik d BRI AR B R
HEE OCHAFIFERLT Y2 PSFARGRE AT o Ft 0 51 7
$1= R f(B-mode) » PSF £ % if i e S e 5LIF - 2w (x ,2)
ek g4 4 (2D convolution) > Y = e B E BT 1 BLATR S B
B oo BfS B ez o & JE¥3% 1 5UB L ¢ (Envelope) 0 &
PHE B A7 1 14 Hilbert Transform =97 ;8 % & » R4 5L
Hilbert Transform fé » A#g F AR F |30 F 30 T %5 > @ x 30 %
2R A 2 A E R B e G R F o R4 5LE 5 Hilbert
Transform {8 53 52 B € £ - B R B o 4032 4977 » B 4o 50
se b 2% 12 8L Hilbert Transform 3k V& #icj {6 » @ @A f 4 F e
oo @A L E oG fE",/TT 2 WG B & (Intensity) o
S(t)+ j-H.TAS(t)}=2A4(t)e’™
D(t)=abs(S(t)+ j-H.T{S(1)})/2 (3-2)
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Bl 3-3 5 41% Pk TR S iRt F 2 Ser kA g AR
o BEECTF S B(za 8% 1) % 0.3 mm > ﬁlﬁﬁv@#@a 40 dB » B i
%] 2.56x2.56 mm(128x128 f%c,%) » B R UHCER Y R R SaEALS
AR R BEFE > By L s A4 2 3 & Bl(b)
S Bl T (R)B 0.0 mme AP S SR B
Hon I BT BEE HUT B 2 A 4T o

(a) Reference Image (b Cornparison nage
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233E B CHFT FALZRET » A10 BB BT L Z
BSP {r full SAD & * A#dRR it 2 8 B3 it e d ik o
{

RS

g

BRI RA RS HIER L RE O HERRT HF FF
Ao (drd 33 F - IS H) e &7 Hldkcc BHE P AT
BRAF R FEY LR k2 mBE B AR AR PR
[ 3 0 G Ri A T 0 BSP @5 full SAD -0 13 B2 %>
iThEor ¥ BSP aurid Pl g B R > @A R B Ao
A BT NIRRT AR AR R o B B

Ra o tond B EREET A P ER R AF PS5y
AR AL AT S X Ry BRELLEO AP a2y
FooAT R R FmE Mg E o Tt R EERIRE 0 %
RS S %Ecﬁq‘—? WA MR ane o i BT Bk
(XZ-plane)# i+ & seng & = w(elevational, Y) » Y * & fedz § A B
PREGEFEFp LD e (2 AR ) F R T e
Ko EINT 2P S BB RS2 SR o

R

®

e

E4
J

&

O =30 W
1 pixel=0.02 mm > A=0.308 mm > £ if~ -] =128x128 (pixels)
Y = ri'a~7F%é%xT%I§]30—1.627»(0—0.5 mm)’ -+ =X # & B IE 5 0.325 1 (0.1
mm) e A 2 12 R G FEEGE 2 (XY~ Z)2
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43.1 m 1L

AP L2 BBRBE PR TN ERONBEY £ F 2Py
@ P #7% & ¢ Gradient Vector Flow for Snake i & i# > §§ #£ GVF-snake
(Xu and Prince 1998) - i&#_%] 5 GVF-snake f#;4 7 % %t snake /% & /*
SRR E IR Y 13§ SRR FT N EAREE ot & 3 SEPIE U ) AN
F& o 7V R S I Fr e IR 5 BRBE B 2 o 7 e 3T @ 4L snake
i# 8 % > GVF-snake #7i¢ * e [ b 4 | fi 4 gradient vector flow > &_
d ez BfGRFEn @R EHFIOR % > 7 snake #7
G s < opd pd Eebd G K fr ] o B 8 GVF-snake i B i AR e

B 4-6 :

v

35 edge map f(x,y)

L& GVF field: Fe.(j) =V(x,y)= [u(x,y), v(x,y)] R I

&= ”,u(uxz +u, +v,” +vy2)+‘Vf‘2‘V—Vf‘zdxdyéi B e

v

= fg 3% ,quu—(u_fx)(fX? +fyz) =0
,lezv_(v_f;y)(ff +fy2)=0

v

(CEUE & faulk i Fals
1, (5, 3,) = 1V (e, ,0) =[x, 3,0 = £, 0] [ ()7 + £, (6 0)°]
v, (5, 3,0) = 1 2905, 3,8 = e, .0 = £, o) | U () + 1, (6 0)]

v

+ 4 z 1 1 .
Feh v ) f# Dynamic snake equation: Y GVF snake
x,(s,t) = ax (s,t)— px (s,t)+V

&
ft-

B 4-6 GVF snake /% & ;% /i 47 8]
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432 fgAz 3 B i
4321 gt > &

50 SkEMRRAE &2 7 113 GVF-snake # 5 BliE - i £ 2 R
Boie s 247890 @ 2 d s e ¥ RS R R B s [ en
FA PR e B TR S FNA Y RN A L R i A o
(Chiang et al. 2001) » & ¥ fF 3 &1 = f82)5%k > 4o 4-7 #7771 Bl 4-7 %
—ﬁﬁﬁ—%%{ﬁaﬁﬁ%ﬁ?a%’@ﬁd@Ag) R it
Bl A BEMEE ORI B 4-7 % 2 7R ReanE s Wi

ﬁﬂﬁ47¥— T IS cyst g LB o BERERCRE
w4W312”° NR 4T B2 EREE PR £ B o 8 R

H B Pkl ia, T34 LB SNR #2171 5 04 2+
a@m@ﬁf@»ﬁ*uw“ﬁ@ﬁm@%iﬁﬁf B s
%o &SRR ] & 256x256 pixels °

(a) Smooth

=

(b) Macro-lobulate

(c) Micro-lobulate

Bl 4-7 = AR -
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SRR
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L&

(d) Irregular

<)

(e) Pseudo-pod

L8

(f) Zigzag

3¢

(g) Spiculate

Bl 4-7(H) =~ FEHHEH G -
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AR kg =2 1 24
4322 % B4

d %t R4 GVF-snake A28 &2 T e * 0 R 5 3293 R % A2
A e FR AP p {74~ sobel operator 14 17 Flif ¥ e edge
map> £ fic & snake it Fxi~ B] 11 B ik cyst #Ere @ * GVF-snake F% >
FITLE A PRtk B3 4 e ehisnake A2dn K [ iR R
SERET T UITLER cyst P2 R B Bl R HERITE T F S0
@°ﬁ@%£’%k%%@*dﬁlm“”ﬁﬁmmmfﬁd’ﬁf
docyst PR AS 0 @ HIFE A0 dopt I T U R cyst
PR AARI O e s > BT RF OB R R

B 4-9 &7 15 f1* GVF-snake ¥ 8] 4-7 #5428 7 cyst ik &r
BlE cnid % o ptob > & - HHRWARY § - 2R ITERF A A4 A
Poengdich 58 S8 - SR 72 0 0 = & TP(True Positive »
v ¢ %)~ FN(False Negative » § ¢ % # )& FP(False Positive » iz &

= 78 (Madabhushi and Metaxas 2003) > T B R R fE
WG 5 4o 4-8 0 TP i & ma%%%%i%l§ﬁﬁ GVF—snake B 1 2 ok B
2. f > FN 8 B ik n e A4 GVF-snake B:E F|2 384 » %
2 FP P ESS 07 3% 5 s Brirak 4]~ 1 GVF-snake B]:E 1) #; Br 2.
A AR T - SBch 2 W BrE — 8LYs GVF-snake B ! chd
B - BLF OB CEEEAE c TimA 5 T35E R L B A FEY = IF o
Bl4-87 % -z~ 4+ ANIHEHRLE G4 &R RBIE DS
moE e 23 A N S R R F - REERE D o Brdp B
—ﬁmﬂia“m =R - ﬂa%ﬂmf?ﬁé%\ﬁﬁ&ﬁ

BB 2 RS AW

-

Ag: Simulated contour

Simulated Agys: The contour obtained by GVF-snake
contour p - 14 of
A,
FN or ~Aor ‘
AS
The contour obtained by Fp - or — 4
A,
GVF-snake '

F4-8 & fFL7 57 LW
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0| — Simulated contour

—— Original

9o} —— Compound
A~ Q
Y . ‘
&
N

Original vs. Simulated

Compound vs. Simulated

Shortest Path Area
Smooth Mean Std Max | TP (%) | FN (%) | FP (%)
Original 2.77 1.92 8.08 93.01 6.90 14.61
Compound 2.80 1.53 5.68 91.29 8.71 9.97

B 4-9 = fE ki Ao B8 s GVF-snake 2 BliE 5% o P B 2 B4 R4cBiif B 5
AR TR IR EE Bk EAk R Y B R iR e 6 L 0 %

W5 A8 & 2 HCRR e 6 3L B9 6 g
Bt E 465 P HCRR G b mIE A

—— Simulated contour
—— Original
~—— Compound

Original vs. Simulated

NNy

R

Compound vs. Simulated

si2d R A HANELE TPSFNFP o
TR A BCE D o T S R R o

Shortest Path Area
Macro-lobulate ™0 = P C i T Max | TP (%) | FN (%) | FP (%)
Original 321 | 192 | 650 | 86.16 | 13.84 | 9.10
Compound 305 | 223 | 985 | 8371 | 1629 | 421
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Original vs. Simulated

Compound vs. Simulated

) Shortest Path Area
Micro-lobulate ™0 = P g ™ T Max | TP (%) | FN (%) | FP (%)
Original 357 | 289 | 1217 | 9501 | 450 | 2431
Compound 333 | 264 | 9.08 | 9065 | 935 | 10.63

Compound vs. Simulated

61

I | Shortest Path Area

freguiar Mean | Std | Max | TP (%) | FN (%) | FP (%)

Original 673 | 322 | 1385 | 9478 | 522 | 66.59

Compound 568 | 336 | 1351 | 96.63 | 337 | 52.86
B 4-9 (4F)




Original vs. Simulated

W wpd:{?

i

)
T
4

Compound vs. Simulated

Shortest Path Area
Pseudo-pod Mean | Std | Max | TP (%) | EN (%) | FP (%)
Original 293 | 234 | 966 | 9795 | 205 | 27.32
Compound 176 | 112 | 432 | 9778 | 222 | 7.6l

Original vs. Simulated

Compound vs. Simulated

7i Shortest Path Area

187ag Mean | Std | Max | TP (%) | FN (%) | FP (%)

Original 469 | 376 | 1475 | 9729 | 271 | 69.96

Compound 523 | 393 | 15.16 | 95.08 | 492 | 60.28
B 4-9 (%)
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Compound vs. Simulated

Spicul Shortest Path Area

piculate Mean | Std | Max | TP (%) | EN (%) | FP (%)

Original 6.12 | 462 | 2058 | 63.45 | 36.55 | 34.20

Compound 713 | 544 | 2202 | 6255 | 37.45 | 2055
]l 4-9 ()

Bl BB B 40 n B ElE Bl ABRE A R Y B RIRSL
BT O IR T S S Bl R R K S BAR & T B BlE ok
F R AR o 4 ;T‘ C R AT PP RO s B B A ] b
f@ﬁﬁr‘%’ﬁtﬁ% CLE ATV e BRI G T 0 A & B F
FERMATP B 3 2  ad4f &Rt 4 GVF-snake B 1! 2 #
é&ﬁ”fs‘_ﬁ%@sﬁ & Fedic b o d 3¢ TPFN~FP = & 0546 s & 7 (A)
St IR  F)p o TP #2 FN 2 e %3 100 % 134500 B % > fiig
2 TP &> Apffeng WIlRF 2 FNE > T2 ’%ﬁ&ﬁ“ﬁ' 8 3
Z_m FF A T R R & 2R @ 0 LR FP (7 GVF-snake
LAY 0 AF £ F ) FROL L ST R R
VAR BB E AAHTE D 2 B R R Br 2 £ B ) o BRE I pE
4 6 FN 2 FP(Tr= @B #14 2L £ 2 k) (X & - 4 & R,.g\ﬁ
FROPAREABCE o SFE B2 0 BEIRAR £ IR T ehi Br g F L] oh
TP> e & > 7% F] cn TEN+FP | M2 BCEESIEL > @ g
BB HP ILAE &R B T koendh B T T ) Rl BT R R A
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20 LB HEP A E PN - BHBREEG B E e
PR B £ KRB el BB E pr ks
i Tk Bk A BRI 2k 2 b i o [B] 4-10 BT £ k1A & B
foeymdk > 2 0o d 2 1 %33 L5k (mean filter) ~ ¢ (& g 4 (median
filter) ~ Wiener filter 4= LUM i i (low-upper-middle filter, Hardie and
Boncelet 1993) -

At e Rt Al B2 R A zﬁ4$ﬁ+kma@
goiéﬁﬂﬁﬂaﬁﬁﬁﬁaw@ﬂﬁ’%uwﬁ'f*%ﬁw
Moo 0 YE Y (mask)i® BERAR AT 0 K chyE R S 3x3 - 55
7T i o H R MRtk . :T‘&:@%gotti‘i’a;‘@;ﬁtﬂ » A\
SRR R AT PR AT s (o BT IaE B R N R
T ?1?é%%ﬂvﬁﬁﬁﬁﬂﬁ@vﬁﬁﬁ%{ﬂﬁ%ﬁi
0 FU 0 AR AR N AR AR 0 RIER Y gt o ¢
B 5 BEE PN T BERER OB R EOLRPERRRG E
“f‘f% > j\g.r;g P2 T3 v EmA Y IXT 2 Y o

Wiener ja il 7% 5 - M ik 22 0 B A Bt E ) A Bhen T
¥5 18 (mean)£? B B ﬁit(variance) B EAR A
(localized)#c e @ B fé £ 13452 p £ g B 2 Bap it 7p L3 8 ahit
BAorH P s B - HROFTAFRE o LUM Jp 4R & 7 S g

L ;J-z"b

‘3;

7\1'\5\'—' it Eﬁ

Cu\:\-

Lz

2uzt £ (Lower order statistics) ~ #& F = F# %3+ & (Upper order stat1stlcs)
gAY R R i 35%]511'5 ’%ﬁ@ Wy S S G
ﬁiﬁﬁ%"?ﬁﬁﬁﬁﬁﬂ°ﬂﬁ’&ﬁ%ﬁ%%ﬂ&%%ﬁ@
Pl B B RS
PR E e fE g k2 W T2 BRSO R R TR i B <E

%> {¥(GVF-snake) » 2 gt ¥ T 2 B E N & Moty > ¥ ¥
# %fﬁ‘?ﬂ"ﬁ ﬁi,‘?%%‘i?:% 7 2 B 24 B Bl i iAo ] 4-10 1 R %
F90oR o HE - b R BRI 0 B AR B 1 B R
2 AR (SNR)* ] 22 e 1% o
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mean vs. Simulated median vs. Simulated

— Simulated contour
701 — Mean
Median
80
—— Wiener
90 — LUM
100+ . ———

110 -

wiener vs. Simulated lum vs. Simulated

) = n
200

120+

130+

140+

150

160

170 L L L L L L
60 80 100 120 140 160 180

Shortest Path Area

Smooth

Mean Std Max | TP (%) |FN (%) | FP (%)
Mean filter 4.07 1.96 7.99 90.50 | 9.50 | 12.64
Median filter 2.70 1.86 7.65 90.43 | 9.57 8.29
Wiener filter 341 1.62 6.49 92.05 | 7.95 | 12.01
LUM filter 2.98 1.76 7.25 89.85 | 10.15 | 9.27
Compound 2.80 1.53 5.68 91.29 | 8.71 9.97

B 4-10 w3030 5 2 HORE R B BlE B % - P 2P 23

+ 4 5| &_Mean filter ~ Median filter ~ Wiener filter v LUM filter = $ %

DEIEE ST SV ST R EE R Y I IR Y Y
RN R AP RULR~ -

YR
£ Y

E 0 50 20 20 E] 00 W 20 £ 0 50 20

mean vs. Simulated median vs. Simulated

— Simulated contour
60 —— Mean
700 Me_zdlan
—— Wiener
80| LUM
%0} A

100 -

1o} wiener vs. Simulated lum vs. Simulated
120
130
140

150

160 L ! L L L L
60 80 100 120 140 160 180
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Shortest Path Area
Macro-lobulate
Mean Std Max TP (%) | FN (%) | FP (%)

Mean filter 2.99 1.89 7.47 85.85 | 14.15 | 4.94
Median filter 3.22 2.24 8.29 82.15 | 17.85 | 4.56
Wiener filter 3.29 1.85 8.03 84.11 | 1589 | 6.17
LUM filter 3.60 2.35 10.25 7891 | 21.09 | 3.72
Compound 3.05 2.23 9.85 83.71 | 16.29 | 4.21

”"I)‘

4%

mean vs. Simulated median vs. Simulated

— Simulated contour
— Mean
601 Median
—— Wiener
8o fl
100] ; N

ol wiener vs. Simulated lum vs. Simulated
140

- D n
180 L L L L L L )
180

160
60 80 100 120 140 160

Shortest Path Area

Micro-lobulate

Mean Std Max TP (%) | FN (%) | FP (%)
Mean filter 3.82 291 14.85 92.99 | 7.01 11.02
Median filter 3.61 2.62 10.75 90.74 | 9.26 7.79
Wiener filter 425 3.29 14.48 91.40 | 8.60 | 12.61
LUM filter 3.57 2.66 11.15 87.88 | 12.12 | 6.18
Compound 3.33 2.64 9.08 90.65 | 9.35 | 10.63

B 4-10 ()
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mean vs. Simulated median vs. Simulated

— Simulated contour
60| — Mean
Median
Wiener
81— Lum

120} wiener vs. Simulated lum vs. Simulated

y
140+
\
160 - o
180 L L L L L L )

60 80 100 120 140 160 180 200

Shortest Path Area

Pseudo-pod

Mean Std Max TP (%) | FN (%) | FP (%)
Mean filter 1.48 0.98 4.05 95.64 | 4.36 9.72
Median filter 1.96 1.76 7.42 95.40 | 4.60 11.35
Wiener filter 3.24 3.04 12.51 97.91 2.09 | 2637
LUM filter 3.04 2.86 9.19 95.53 | 4.47 18.70
Compound 1.76 1.12 432 97.78 | 2.22 7.61

B 4-10 ()

BLAEF 4-10 ¢ 445 ) 2 diciE o4 & BT Bl et B 4 - 2 8 A
FREEARE B HATARAR 0 2 1B 0 B gk HOE R B B)E

MR DRE ST - 0 A WA LR FRBELHEAR T RS
o N SEP UAF S B AR B R R 8 ek

34

N

Eo i RIS R 2 o R B R R Y G kg o A

AT R AT R R D - TARR B e SRR SRR R o
PR N ABAET S B R RILT O FE L SR BRR
LT e - BFFR iU R R A R TGRS 2 5 BRI
HE P AP HRPHE BB T Rf A N -
GVF-snake % #c > 3|5 G i BBl E A# > ot i E§ - BT

Lt ﬁ,‘ o

«—‘S
&
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SNR
improved

0.5698

SNR
Improved

0.4510
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SNR
Improved

0.3830

SNR
Improved

0.1815

SNR
Improved

0.2502

SNR
Improved

0.2147
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SNR
Improved

0.2805

SNR
Improved

0.3014
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Woman 33 years of age
Normal sonogram (with water path)

80

sfat, 3 -
glandular region, 4 = Cooper ligaments, 5 — retfromam-
mary fat, 6 — pectoralis muscle and fascia (arrows), 7 -
rib with shadow, 8 - pleura




B 6 4
L
BABANE BHPHEER éﬁ“ P BT B B (Cyst) B & 53
B o4l Az T D AR HEE B H%@’aiﬁﬂ

MEIL3B N 2 F o
-~ T H(Cyst)

A= FS L E SR 0 Bk 230353 50 R o AR
BBk (Mass)™ v £ H - & 5 B> Hif ot fFif o HF L
%*%é’géiﬁﬁﬁ”fﬁ SR FRFAMY
1 eee A AT RRE R T 2 R B

175 S iy ~ pom F S5l ~ H {22 & 2 35 3] F 53t
‘%’fw °
» 4k %44 7% (Fibroadenoma) :

FA2S R LI s m DR Bk A
B HF AR - St o BB AKRP R d 3

g H e R AT et L A e S TRAL v ER
MR E W R o RAZH AT o B T 2
B e [R5 P A5 2 353 chp 30E BT BLGE R
¥RE) s BSOS hF SRS TRE N

BB N 0 EMFE R e 7 ME B p%fu?vii‘i SfE R E
w3 B ROFEF IR P o RA o R
“ER RIS Rl e ALK S g BB TR FRL
~ J&(Carcinoma) :
(=) #57F
B F &mﬂ? tH R 5 % % 12 E ¢ % (Infiltrating
ductal carcinoma)o TR I R B §F A
P A gk e o @ ¥ EARTR F oL § o ®
BT h OB o M RERB R G C O RPE g T

2

£

81



(

Iy

)

GARARB A SHEARD KN IE S T 3 D
H
F

Bl s S ko oA FHE AT
D ek RLE SN ‘& 1 U R b SERE = gF

oo R A BAZF AR ET AL ER Y FRIOLX
LR R DL AL
o K

SR E SRS R U I RS O
VBTG PR G G RB R
SRR CL AR EOS R A

82



C i %42 B Bt pAE 3 (B )2 A 415

PR AP GAIRELR LS BLRF R T LA
ﬁ@ﬁ%ﬁxéiﬁiﬁﬁ\=iﬁ**”’Tﬁ°ﬂB“?L’?
L F IR A T E R AR NT AR KA B A hd
P2 AR T8 LB RS S 2 BB I G s N INE B 5L

o F SPERLE SRR SR 30y BRI B E 4

-
Lp A B OE Aol C-1 s

1. Margins 3. Internal echo pattern
= b=
= Rl §  fewechoes, .
2 indistinct, jagged ..%::} ,§ nonhomogenous o
e e e
e nonhomogeneous
RIRCEBULEMED,—, [ e
s homogeneous .
sharp, jagged D 2 noechoes o
4. Echogenicity
sharp and smoocth O E
5 almost anechoic
2. Retrotumoral acoustic phenomena g
posterior shadowing fat-equivalent
strong hypoechoic
= ; isoechoic .
= = G
5  moderate -
E hyperechoic 3
anechoic
slight O
5. Compression effect on shape
lateral shadowing g no change O — O
____________________________ e e
§ § ==
£ none § shape distortion — o
£ . N
e 6. Compression effect on
posterior N S internal echoes
enhancement

: S E no change ==

i :
S ﬁ ﬂ =
Sha Ing more —_—

homogeneous

benign i

B C-1 & 487 % % & P » 8 4

83



% T AR s G LT bI(RC HE e B AT 0F
FREFHEGER Aok - HRFS LT 20 1 47 8RB RT N
L Ef LFC2:

alln.

a
v

malignant benign

B C2 B #ML— LT 5



