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Abstract: An adaptive selection method of diffusion threshold was proposed to improve the effective-
ness and stability of a filter in speckle reduction of ultrasound images. An optimal threshold of the ul-
trasound image was determined by the Otsu binarization algorithm. Then, the ultrasound image was
divided into blocks by Quad tree decomposition using the optimal threshold as the criterion of homoge-
neity. In descending order of the size, the present maximal blocks were picked up from the Quad tree

decomposition result, and an optimal homogeneous region of the ultrasound image was selected by the
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proposed selection criteria. Finally, the diffusion threshold was obtained by analyzing statistical fea-

tures of the optimal homogeneous region, and the ultrasound image was filtered using this diffusion

threshold. The results demonstrate that the proposed method has better performance comparing with

the Speckle Reducing Anisotropic Diffusion (SRAD)method and the Detail Preserving Anisotropic Dif-

fusion (DPAD) method. It reduces the operation time effectively, and the average figure-of-merit by

using the proposed method is 0. 029,0. 129 higher than those by using other two mentioned methods.

The proposed method avoids the manual selection of homogeneous area and can estimate the diffusion

threshold accurately, which can reduce the speckles effectively while preserving the edges.

Key words: ultrasound image;speckle noise;image filtering; homogeneous region;anisotropic diffusion

1 3 7

P 2 8 7 RS R B A S RO AR R A
PE RS AR B SRR TR T AR RS E Al
U . SR, AT AR A5 e b AR 4 2 ) Xof
LU B 5y 52 BiE a7 T Yl S B L A8 B X L i
FEA3 TR B0 LA e B L e, R T R
o3 A5 I SR ARAE LR T R R4 T U D Ak B
PLAE AN i K P AR d 28 R AR /9 BT3RS &= I8 BR
BE

Perona Fll Malik T 1990 4E & 1 7 —Fp 3 T
W53 7 R ) 45 1) Sk T 0 R A 08 D8 Ok (AT AR
PM B35 . %07 Bk 5 B0 BOR a AO7 1 R
FIAEMG AL B b, REAE 25 B W Y ) B, £ B L
R G G A5 B AT 4% B 14 23 [ O
W T .

Xif A7 FIARAR BE I pE e S Qe i % . PM B
T R U AR - 1 AR M AR o (FL XS T 5 v o 32 g 7
o ofe P M A ) I A5 M bk SR PMBRT 1 D8 D K
RN AN, BT EAMT BRI, 8BS
PRGN ] 3kt G A7 72 K o B o W A, PR,
PG 2 B 70 1) 52 T 14 Wt 7 V5 e 1) 0K £ e L 1%
28 WL PM B 50T 30 20 L A5 BRE o508 7 1 40 ol 4
JEH AT BR A i A A SRR

2002 4%, Yu 4R H T BE R A ) TR
( Speckle Reducing Diffusion,
SRAD) F.: iZ L HOH M 1 T G K W A1 1
RBOTFE. A PM B 205 ¥ BE AL R
PG HR 1) 38 78 A 2y R i s 3 2 X3 4% 5|
1Y I REBH 1k 5 30 2% Jy 1 26 BT e 5 1

Anisotropic

205 0P AT 1S SR, SRAD 1Y 92 B B
FHRCR B T — A SC R 3R e o 5 8 6 0
HRY SR E A RERRE R, S 8E
PP 3 SRAD XI5 Bt i i ~F- 1 i 55 R 00
(GREREESES SR RERAIBIE- JiUR 8 i A
R B SR, o PR — 2 KRS
56 phy N T 2 ) S DX O P T 3 ) i X S
R BSH:; A T -/t 5y 8z
B g7 1, LA S 0 N T 3 I ] JBE DX AR
T — R B R AT B, SRR,
IERZ W NNV LS R S N1) 3 i T U B
AN A PR IR Tk R BER BT S
BT AZE 2R, Haz o 3 3O oI ARG B A
R i S0P T B 22 6 T N T USG9
S8, W T BRI PR BT R B S AR, (R
RO A BORAE IR PR I RCR A
L OB s 1 S T RO B L B g X A
TR Jo X ek 2 A A A A R L AR EL Bl 2 AT S
HRA LT A ey T (R B e Ty i X T A R
PGB = 0l 1, JF B 2R i b B A], BR
il T SRAD 75 48 7 873 B v 9 B

AR R SRAD X 7 P 45 98 i [ M 9 A7 A% 1
FIFEAE R, AR SCHR H — b 55 T U SRR 23 fif 1) P
[7) Jo DX 38 gl e 07 1 i i HE R TH 5 SRAD B9
YRS B, B BB 14 B e LAY

2 mEBREGFERY K
2.1 EFERE

T PM BEUEA, SRAD 275 7] #3R R
R UG WIS fo Caow )V R 8 D 7 2 B 200 A i A



1314 e KE TR

522 %

FoCasy;0), TRV ES ¢ B 220 X 7 M2 75 /A% £ (o,
v ) R R 3 R e T R — I 20 A e, R R LT
i o0 7 i

QLSIM = div[ (s y; 0V f(xyy50 ]

f(xyy;0) = fo(x,y)

b

(D
Hrpodio REUER F:V IBER T c(x y; 0
Y BRI . KA 1 S Y BT SO
T 32 3 e e R s e i) R 5148 . SRAD Bk
Xof R P B A M R TR T, AR TR AP HE
B0 AR AN GG I T

1

1+[q2(1‘,y;t)—q§(t):|
[ D+ ¢ ()]

Cxsy;0) =

A/ VI /D*—A/4HVI/D?
[1+Q/HV* /D]

(xyy; ) = , (2)

b

(3)
Horprog(ok B2 Y BORAE . R T8
BT qCas ys O AU EMER T, B &
T X3 e W 7R B0 25 | 1) R B A A 1 R R
BT, PRl SRAD 78 BE &S P 58855 of 1 31 A0
AT PM BB AN e . 85 qCaes ys o) AR
AR A [0,255], BV A] A5 58 Uk G B i -5k B
oRUUNES N

SRt (D SO A, ¢ (o LT EETTIR I
T 20 R 45 ) 2 A vk AR R v B RROR
Iei) DX 35 JF it o %) °F ¥ K /N, B L SRAD B
T 0 52 B oy A0 0 B T 5% g0 (o i B 11 1
BE, BEURAE DR 5 3 SRAD X 18145 40 45 ik 4
AR AL . LR A3 T vk

z2(t)
Horfrovarl =Co TR =Co 439010 0 BN T 386 RS 8 75
PG ) S5 X388 P 15 1 7 25 R B
2.2 ¥EIIRMMEITAE

SRy 3k B %o N T3 B[] S5 DX S8l P A, DR T
BRI PRIV T, SCERL6 25 1 T BB H ¢ (D
(3T A5 A 2K

@ (D =&~ qrexpl— pt], (5)

Horbroqo AWIRY B ; o WAL, o 1 p
TEUE AL FEAT TS N Tk iy, X GO R

CIo(f) — (4)

(4, AT LAk o N T3 B 7 RS (] 5 X8
T %0 1k SE PR PO A, T DAA SO 2
BB A AN X H AT IR

SRAD JFAEH T 2004 4E7E SCHk[10] Fh 42 1
—MEHE B TR A B S8
ik
2
MAD[ VInf(xs v;0) ] = median{ | VInf(x, y;) —

median[ || VInf(x,y;o [l ]}, n
Hor . MAD 1t 2R 45 % /47l 22 (Median Absolute
Deviation) ; median 8 F4F 8 F{H, % % C=
1.482 6, XX (5), MAD ik B R iz B 2%
K, AT X8 #8500 A sh A, B,
SRADwap 153 8 T J5 22 F 55 & 112 RTE,

% SRAD BRI J7 %, Santiago T 2006 4
P T Y0 PR B & ) P B (Detail Preserving
Anisotropic Diffusion. DPAD) & U1, Jf T
2009 44 M 7ML B9 PS8 A s Ak ik
MODE"" | 2504 1 2 4% M5 BF . DPADwone
AEMLHUIS 32300 T SRADyiap FY B W 40 B 20, JF
FEA8 T OR B 7 TS B T SRADwiap .

qo(t) -

}MAD[VInf(I,y;t)]” (6)

3 FAARRESEREGFHET K

AR SR HY — ol 5 T U SRR 3 i 1) e 7 TR I X
A Sk BT Ok HER TS SRAD P 8BS 8K,
AT i g P ] 0 R i R W 9 P i
3.1 MYXBERSE

FRACIRASS o TR 5T DX IR S o 7 1A A5 v — A
AT RERIY AN B L) 52 4 i 5 1) B e M 7 4%
SRR S A SR R BT X, S
VU SRR fige B30 3 6 PRLAR AT 0351

DU SRR S — Fof B 2 5 Hl i A G P AR A 1Y
HEZGIIA 4 AT, BA®A T A
ORI 50 o I SR 2 B3 o DT R — 4 2 1)
3 3 32 U9 77 B AN 53 A4 A AR SR
O A S — R BT BOR . Al R E /N K TS A
o LB B RAT B 3 ST PR B AR B, R IR
U A G R 7 [] 5T DX e K

Sl N=2" e T e A AR T 550
A4 AR TR ROSE B9 IE 7 1 fe o )1 B Hs 85



555 4 S

& A LT[R 5T X I8k A Bl B 2% 1) S 0k RO 7 P 1R K g 1315

AR UG I Ak — - DR 7 0l A DX ST AR o .
L VR 18 5 R UL AN 5 240 23 5 AN T A2 s oA 1 1 B )
PPN 30 4 ST B, $5E T 5 Bl ]
DIy SRR fEEAT A . R AL AR, B
B BEAS 53 BRI DI S bR v A Ik

JIT FH £ 0 SUARS 53 i DX 30389 ) P A e s Sy

max; = max(L(H(zx,y))), (8
min; = min(LCHCx, v))), €D
maXL*minL < k" ’ (10)

H LCHCx, y) B8 73 H L 2,y N
A BRI A BAR R S0 K EAE s max, Bl ming,
A3k FHE H BT AR Z R SRR e/ K BEAE
RN EBAE, W) max, 5 ming Z 22N /N F 4
FEBE kT,

VRSB TN R M B A ) 2 R
Gy El, X LUR R AR H N S, DU SR o B REAR
0, TS B BN RT B 3 e XS AR A R 5T X
B ER . PO SR A RCEE ML, AT A5 B8 R RT 1Y
Gy, B AT BN R R B A 8] P Y
Z RBESr#,

3.2 BEREEFEZEWL

A N LS B DU SRS 3 fiff 1) DX B 1 5 7 1)
SE A B MIRAUSCRAR B = B 5d vk, i HoA
Al eI e A # B R AR, S B B A B e
MR EIEE R, RIS B RS, A
S e K 2 R) Jr 22 —AE AR D VA i A UEAT
LI,

e RS 0] Ty 22 1 0 — PR 4 K K14 B sk
WOH 4 Jy BIE 0 i . %S il il B AR T
] 2 18] 7 25 5 28 N J7 25 09 LU (B 3R R, R 3 A
BRI Bt AL B %7 ik A )
ARWCBAE , PRIE T HIRAETL A T T HAPIRA T A
AT .

3.3 RBRERNHE

F T B A5 1 B RS B 2o /0N ) 4 B
TCVEADL R 08 B () B W, DT TGV HE A S
e BRE o5 M S 34 57 40 A B B R L R BEAE R R
TE IR [R5 DX 3, R EsF s 3 DO SUAR o3 fife B i AR
B BEE SR ZIIRA . T AR
BEOE 20N . T[R9 ) B U DL A ok 3
ETb, A EER I E U SR B N A EN R L TE B
A oS R, 21X 1.2 X 2 {8 2 2 2/

RT3 Y i N, e I SR 5312 32 AR Tk Eiok
B MRS RIS AT AR AN S0 I A 5 B
PR RS R B E U SR fie /N 3 BRI, DAl /b 53
2EAREL.

AT BE S0 AR b 1 B8 0 245 RO ] i o 36 4
P15 58 B2 1Y )T — 1k B IR T 22 eR BOR A 5. ek 4
By 2 1% 4§55 (Full Width at Half Maximum,
FWHM) £ it 7 — A % B &7 3 98 5 19 & 22
T,

JIT B DU SR e /N3 BIER BE B S B LN

FWHMy + FWHMy
2

BSy = 2Y¥,N= {0,1,2,-,n}
BSy = (FWHM X 1.5
BS..., = min(BSy)
Hop . FWHMy Rl FWHMy 43 51k B 8 & 14 5%
FE R IH — Ak A P J7 22 BRECTE K 7 AR 55 1) 1) 2
W 42 i fH . BSy WA A S IE . BS
HETA BSy BUE e /MA .
3.4 EREEBEHERERRET HEXZRE
Zi b AR SCER Y Y LT (R B DX sk A Bl 18 Y
A1) S T OB A R IE Rk R A 1
FiroR
TR AR DB 9 b, Al AR e A (] 51X
3 B e o ) CHG i PR AR U AR
(1) J3 B DX 3 oA A A 5 TR) 5 DX 3 ) 52 42
UL
(2) 43 e RooF R T 18 SR S/ 43 %1
BS.in s HBBLS
(3) BT A 24 i fie K Jr B (8 b i e R E
max(mean) (FeH i HAE S, mean, N i 43
Pery B8 5 00 SRy g B kT W 2 max

<mean;>>%, LM (5 3E ph 2 B 4 B A R I

A8, DX R RR P PG A B PR ) A I DX RS 23
B3 Ry A AR ) T DX

(4) BUYHT e K4S dd H b 5 22 fe /N9 min
Ccovary) s HoH s covar, HEE @ A Bepy By 25 . B ik
50 53 A Mk e i oy AR S Bt o e

YERB, B 2 25 1 — 188 75 5 I SR
rEIEE R, A 2 i N BE B 0. 25,
XA 1981, B 4 B 2(b) i N LB
BIE R 0. 62, BBk 19, BRI, HhE

JFWHM
J

, (1D



1316 b=

%22 %

SET-BE LM RS T
PO ar RITERS,,

RS R 2 e
Bk e

LLIR A A b 2 )
S bRl FLLLBS, ol oy

(8 I PR 5
| P
A I . AN
K-k 110% 'i e

-

(A s B R ST
ek TBs 7

@ M S dne AT ER
U AN
ELITENIES

~

B AL [ b
A EILES T

I TR B i 2
LR o T

()

1 AIEniE
Fig. 1 Block diagram of proposed method

B8 Y Y SURRS 231 25 R 2o B . B 30
fHR 0.470 6, 8B R 175, 153 T 5 % B K
R ERR R ISR . A B B BOFROE f/N oy
FVR B 1 I SR 43 R 25 R K 2 (D FF7R 3 BSpn =
16,40 Hhy 97, U SR 43 fiff 2 43 LR SE o 16
pixel X 16 pixel J5 @A m & 4058, M 1
Sy HUEE, BVEE S ARE. AR SC IR X8 e ¢
PEAE SN E 2 () HbRidE S 5 hF Y 0 0 LA
fis.

4 EBLBRBHE

4.1 HFEBFEGREIR

ARSI FTA LRI AE EACA 2. 0 GHz, W17
32 GB Y PCHL LS8 iy, 4ife T2y Matlab,
i 307 B AR B D e 4 SR X AR SO AR e
MITEREITAN . B LPF M A 7 ik i P RE . K S
SCHR 1017 SRADwiap « SCH#R[11]#9 DPADyiope 2 F

(b)F 51 1% [ {H k"=0.62
i o g5 R
(b)Segmentation result of
manual threshold selection
with & of 0.62

(a) Falg B {HA'=0.25
B4 H LR
(a)Segmentation result of manual
threshold selection
with £"of 0.25

(c)E EhEHLH (E4'=0.470 6 () ST R X Bl R B B
55 FIES TR BS,,~16
(c)Segmentation result of automatic (d)Homogeneous region selection

threshold selection with result of proposed method

K 0f0.470 6 with 8S,, of 16

2 s R4 R

Fig. 2 Segmentation results of ultrasound image

SR [ 2h ik Y WS BO R T . R
SRR UG AESL (Figure Of Merit, FOMD'), FOM
€ 0,17, HAMEET 1 LW B h Z A
PEREMR AT

Nreal

1 S n!
, (12
max{ Nieal s Nideal} ; 1+ d?a az

Forbr s Ne B Nigea 9 A G5 B Y DR R f
Pl 5 Canny 1 %% K 0 530 31150 45 21 fik B AR 1 2%
BN SEPR i G mi B, do RS i ANPGRS
LA AT 1 BRI 2% A5 TR) A R EG BE B, o R R B
1/9,

Fe SCHR (6] 77 vk b gt O BB S R, i
3Ca) FT 7 Sy I 45 ol A T [ 7 B S AR L 1] 3 ()
F i B S, RF R 128 pixel X 128 pixel, it
JAHE o, oo, MHLE, 7T LL1S B(E M L (SNR) A
[e] T 5 B0 51 M s RUST AN [R) 14 5 L PR AR St
HEmE 1) PR O~O5 0 BER . HAjH
SRR BRI B S8 NER 1 R,

FOM =



R A T [ 5T DX S 1 2l 308 B % 1) S A IO A 1 1R 2 1 1317

(D)5 TR ES

(b)Simulated ultrasound images

(a)[m] 75 S S 80

(a)Echogenicity model

3 5 BB
Fig. 3 Simulated data

®1 HEEGSH

Tab. 1 Parameters of simulated ultrasound images
HEER  fiEsK 15 EL AR 1 28
A= o, oy FWHM  BS.. SNR/dB
@ 1.0 0. 750 4. 57 8 9.59
@) 1.5 1. 125 5. 71 16 8. 82
® 2.0 1. 500 6.32 16 8.22
@ 2.5 1. 875 8. 07 16 7.65
® 3.0 2.250 8.52 16 6. 69

BT 3 For ik i g e S S A M, o
JE BT X W L e 1 UG O X & 08 7 15 1 2 8K
VERS B I, 4% O 12 389 ORI 1 45 2 L {0
PEMBRE FOM HEAR —3 Z 5 IRIF& kS
BOAAR R @ ~ QAT UE AL B, LAL& WX
L 45 U8 D8 T 7 A6 N [ (5 T8 L R BE i M 7 RS 19 10
TUEME M A RE AR e, F 2 AR 3 RO
0SB0 E O s e, Hoh o Ny AR
T ZE A B Y e 3 S AR

R2 BEREFHSHEERTFHEEME

Tab. 2 Parameters and operation time of different filters

— A WHE ABEE PEES M FHsA

i WH R R fhibrs /s

SRADwap 900 0.7 N, MAD 5. 406 08

DPADyope 1 200 0.6 5X5 MODE 6.474 64
Bt [

AXHEE 500 0.35 1. 958 02
X 38 15 B

48T 3 F kst O~O% 05 B EER I
EWELE R . T DPADvons 7 % % A X G A0
FAbER, SR )% AR FOM S8R, 0
B AL 3 R TL, A SCHE TR FOM 280007
XF DP ADwiops 77 125 BB 25 R /Y Canny 320 25 46 ]
T B AL B, W BR T i B4R B % O R
FOM ZUE MW, £ 3 45T 3 Bl kxt
O~ Q@55 FENR B P45 R 1 FOM Z4UH .

3 BEBREH
Tab. 3 Figure of merit

1% o © © @ O FHHE

fFEEE  0.189 0.189 0.183 0.180 0.168 0.182
SRADwap B2 0.912 0.853 0.742 0.623 0.516 0.729
DPADyioe RI1£ 0.912 0.768 0.596 0.460 0.409 0.629

ASCUEBEES 0.913 0.877 0.769 0.643 0.589 0.758

AT B 75 S B SE IR 45 SR mT LLE L il
A Y08 Y i A M A R 300 % R R D T 1 P R AR
- F SRADwan Al DPADyione 7 -2 B3 4 5L
3B 0,029 A1 0,129, [N, A J7 kb Bk
SN R g G 1 IS O P M 11 7 B A e Y LR
J5 VA3 B/ 3. 448 06 1 4. 516 62 s, {EMEI S
BRI OL T o Bl A A PG5 R L i o A
BE A5 M 7 R SF 38 K . SR A Dyiap Y FE MR 235 5 o 1y
BT A1 BE AR (14 155 10 s DP ADwiope: 119 B 12 45
ST R BT XS S AR R R A, B ek T
J ey PELAG  % L B S FLAE ) 0 DX Sslrp i 3 T A
DB T 1 W P 5 T AR v 1Y) AR M 2 B v i A Py
SNBIFRER BN, BT BB, RBL T AR uE N
TR E .
4.2 EXTEFBEGEEXR

AR SCHE e 65 1 81 A BE T b 1) 4
P 1% %} SRADaiap « DPADyiope FTAS 75 5 1 38 % M
REIEAT X L 925 . % th SIEMENS ACUSON
S2000 #HEFIZ MRS . 1E R BIF, B 5 45
T 1 B RE AL K DX R AR D I X L S 1 2
B B 5 ) g AR I REIN B 7S %, RSk 256
pixel X 256 pixel, A& WX L 3 Fh 4 1k PERE .
XF 3 Fh T B UE D S HGHEAT T RS B JR R, A5k



1318 b=

522 %

(N (2) (h) (i)

W WEET, (FHEROECSRANGITHRA . WEBIH. @UEEE , (b)SRAD,, iEHER
(0)DPAD, JEWEEEH ; (AT HEVEMEE B ¢ () AT MR I IES 2 ;. (D@ Cannyifi# koW
(@)(b)ICanny; DKM ; (h)(©)HICannyi 2 KeMIFE  (i)(Cannyif1 2 KelTE -

From the top to the bottom. simulated images (1) to (5) are the input images respectively. From the left to the right.

(a) simulated images. (b) filtering results of SRAD

(¢) filtering results of DPAD

MAaD'

MODE "

(d) filtering results of proposed method. (e) homogeneous region selection results of proposed method .
(f) edge detection images of (a). (g) edge detection images of (b). (h) edge detection images of (c).

(i) edge detection images of (d).

P4 )y OB P IR B 25

Fig. 4 Filtering results of simulated ultrasound images

e 245 2R X T {8 T S BIAVE 1580 20 DX A o M A 2 A
JO7 4300 5 -5ik BE ARG 45 R R A — B, R4 A
H RS 3 T kA 2 B9 BT PR 5% 0 10 S 5 v Y
SR E s BRI,

T4 BREFBHSHIRERIEZHENE

Tab. 4 Parameters and operation time of different filters

B2 AV T Y BT i & G A L |

wE ALK BB fitorEk s
SRADwap 600 0.6 N, MAD 8.212 9
DPADwone 850 0.25 5X5 MODE 12.932 1
2y el
VNG ST 200  0.05 - ” 1.794 9
X 3 3 B

MBS B s (25 SRR 3 Bl ik o Bt o g
AR EA MR T AR SONE RS O
PO S AR /N, LR A R R T T B A A
T A AR /D TR M B 1 1 ) L JFG A ) ol
Jr W o TR Sk 3k AR (R A9 [R] 5T X T

TR EE R SCOT VA AT DA R AR 0 BN Y B
[ 254, 1M SRADwiap J7 75 06 201 35 U 98 K 19 B
] 25K A R 3k B 5 4% S5 v AR 9 [R) 9 X3 o
TSR X% B IR B A R e s s (Db
07 Sk T /8 Ak 1 [ Joi IX 388 Fp 8 BT AR S o A 1 R
MR X . DPADwope 17 15 1 58 I 25 5L i 9K 78 1 5t
T DX P 300 % R AR AR S 1% () J5 S O T B HORS T
AR SO BRI B A AT AR R T
M FA ST vk, AR 7 TR AE R AR J7 22 B e 7] B
FHEJ X S A MR A A 4, T B B A D B PR P A
THRKEAE , [ iy ik T e 4 4k R L i
M FLT T A2 S ) S R AR SO
SRR U LB 3 b 6 45 S R AR RS
14 08 I M R 75 B Al PR . AR SO 3 R T ik
7 FH % 2L M Pz | B L P L PR A bk i s s AR
R R IR s A B, VRN BT, K 6 %4
T3 ROy X — 2 S BRI R R P RS 0 U8 Dk 45
Fo B 6 MEE—AT 02— FL IR bR R, AR
FZ B R S KU B A M Y e A R



% 5 R, TG XA Sl R A S R ORI R 2K R 1319

=

- p
<

(a)FLG R (b)SRAD, T {5 (c)DPAD,, . iE il &% (d)*}(ﬂﬁﬁlﬂ@
(a)Original image (b)Filtering result of (c)Filtering result (d)Filtering result of the
SRAD, of DPAD, proposed method

MAD MODE

(@AY LSRR (DJ9(b)AYIL -5 LA P () F(F A G-HRFERLIPE  (h) ()L G Rl ]

(e)Edge—strength image of (a)  (f)Edge—strength image of (b) (g)Edge—strength image of (¢)  (h)Edge-strength image of (d)

5 JEBETI P 11508 i 25 R

Fig. 5 Filtering results of abdominal hernia ultrasound images
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Tab. 5 Parameters and operation time of different filters
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