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Abstract: Multiwavelets is a new development to the body of wavelet theory. Multiwavelets simultaneouslly
offers orthogonality, symmetry, and short support, which is not possible with scalar two-channel wavelet systems. A
new theory and algorithm for speckle reduction of ultrasound (US) image with multiwavelets multiple resolution
analysis (MRA) are presented and investigated in this paper. The decomposition ratio and reconstruction error of
two kinds of multiwavelets are evaluated and the optimum pre-filters suitable for the two kinds of multiwavelets are
obtained. Fully and clearly analytic expression of multiwavelet transformation is given .The experiment of speckle
reduction to US image is implemented by choosing local error as threshold. Results show that multiwavelet
transformation is useful for speckle reduction and there have little noise and reserve important image features such
as boundary when compared to results obtained from existing the denoising methods alone.
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Fig.1 GHM multiwavelets function
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B2 il 2 MR
1.2 NEE PRSI

YrE —ANBREL f(x)e L2(IR) LT b it 15 10, 1 22 /1N 3R B0 7T LGS Y 66 B0 22 53 9E 49 T (MRA). K
/= 1o €Vy HIEAZ 2 R RR BRI IE AT 2 /N o B P 0, A7

Vo=V, ®@W, =V, ®W,®W,=...=V, W, OW,  ®..0W, )
1T 5 1K 4 R J40 7 22 D AR Y. P 22 ) = 1) R 3038 T LS D AN TR R 2R
fo=/®g=(,0g,0g=.=/0g Og, 0.0g,. 3

KL, £, g, 4 BB R 7AW

S (x)= Dl (27’/X—k)+ ck g, (27jx—k),
keZ ki . ki » (4)
gj(x)= 2. d, ”V/1(2 ’X—k)+d2’fy/2(2 fx_k),
keZ
M £, e V, g ol LARoR R R 2 Mg i g
f"(x): chk’%l (x—k)+c§’°¢2 (x—k): ZC{C'L@ (2_Lx—k)+c§l¢z (Z_Lx—k)+
keZ . . y . ksf. (5)
S S db iy, R x—k)+diy, 27 x—k).
keZ j=L
BRI Lo d e 56 RSN T B S AR W, W,V IR R T DU B8 MO B —

[ F) 3 £ () 9 BT B R B0 B0 AR B v S i 22 /N i 5 TEA 1Y) Mallat PRAEST VA 4 A BT 45 5 1)

SR RHE, gt AT
AR (A
kj+l | h1 hl 1+2k,j
[ 1ez\ My Ny \ & (6)
) (e ()
déwﬂ leZ gé] géz C?Zk’j

kyj1 ! INT (k=) ! I NT (S (k-)2.)
) M ) () ®
IR 2 b BN I TS R ARL, 22 SR P i R s 2 [0 VA U SN B GG AL R B 0 AN B0 43 ) ik
VRV b R EDE IR DAY g AR TS0 R SRAE, B v LUAR BN — R R R BRI AE 2 /NI MRA b A
IRITAL REOE A 2 A S R K @R 72
1.3 ZNE TR T AL IR (6] /)
8 S s N FH A D6 254 £ 52 1D 135 155 BR B 5 AN RRE A TR A I R B, 5 At B 1 0 R A b B IR 3
T2 /N T R BT 5 AR B P — AN A )
U —MES f e P(IR)RVERIFIGRIEDRL £, eV, AT EL RGN £, BEATH i, 0 R % R (6). R(7) i 54, A
Wb, 22 /N o R S B — S DB [ R o) A BRI B ) UM A B 4R A B £, 3% T DA O 3 O R 1)
T PR 2 B S A R B O B, NN B A SRR BB {0y v, R BRB S AW UR B

HHE (0 F AL T R N

© HHEREBAAIGUT http:/ www. jos. org. cn



1554 Journal of Software #RAFFIR 2003,14(9)

HUr 51 {c,-’"O} I

T i N AR L G B €0 ~ £(K) = ook = ooy 00 TIT LA B35 225 (1) 45 S 1T 76 25 /0N 0 A 380 o, 0 0%
HALBE ARG PR 28 5 = rm ADSTRERL Yoy, IR BT ST BBE X 28 251 {k/r ke =1,...,n) b 10 B8 54,
W1y, = f(k/r), k=1 n TR B I 177 2,0 5 1 2 R4 m AN RE A (00 06 2 5505 51 SCHR 6,718 H SR
AN I Y DO SH A 0 Ak gt ., D 2 90 400 K T 90 0 1 8 A /DN 3 458 IS 4 L £ v 0l 2 T e 8, A1)
%m%ﬁﬁ%%ﬁwPﬂﬁﬁﬁiE%A%ﬁﬁﬁﬁhKﬁﬁ%%ﬁ&%h@ﬁ¢§ﬁ%l@?

Z[ m n (m,n))2 + (dg (m,n))z]

P_mn*

N/2

2 ()}

m,n=1 (8)

3 (rtonn)-Fonn)f
(ol

m,n=1
bt dl,dbdy SRR HER N =1 NI NEE R BORUK P L T B 63X 3 AN (K40 R A f
o3 R R s B S (W EHRAE S5 L P R T ARG e EE PR MR B EFEE SRER
A T A AL AR T S LR A () R B i ) B (LR D), AT LA BT GHM 20 /) ik il ik
GHM int J7 32 n] LA45 3 B £ 1) 7 2 5 i, Smooth 20 /N FRAL 3] Haar J7 VA A%, 10 H'& HE GHM 22 /N 1) 75 fif
bl R o 7 35 2 L /NS 22 P T A B BV A 2% B A Haaar 5 i T 7 L R I Smooth £ /N SR H Haar T4k
HONER SR YRR ZELL GHM £ /MK H GHM int TAC BT 4 26 1 PR A 1) 4 RS T =2 005008 P8 3 7 32
U1y il
(1) ODD/EVEN k.53 | BEAT 75 BRI AR BOR A, RIS TH B0 46 R 80CH
{ciz =V , k=1..m.
€ =V
(2) GHM int 2.t 2 R s B0l AT 2 I 046 (615 2 GHM 9)46 R 3
{ [¢2 )ka 1= (1/2)(yn 2 F Vo )]/[¢2 (l)¢1 (1/2)] k=1
y —J’2k/¢2()
(3) Haar JEUFVEILFEILT 2x2 1) Haar 8IS 1 TSR Iy, AT TR (AR AR I i, R A A
W]

yerny T

{Cf'o :(ka +y2k—l)/\/53 k=1,..m.
2 :(yzk Va1 )/\/E
(4) MOD-Haar 7. %} Haar 8% 88 77 VT8 1 J5 (0 40 #1730 R B A
{ )’2k + Voo 1 /\/_ k
(J’u )/‘/E

Table 1 Multiwavelets decomposed ratio and reconstruction error under different prefilter methods
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Fig.3 Image multiwavelets composition process
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Fig.4 Comparison of threshold denoising Fig.5 Comparison of three denoising methods
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