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Abstract A nove【method based on non】inear 1h resho】d Wave【et packet veas exp【ored In order tO suppress the 

speckles in B—scan 8-D u Ltrasound imaging Fi rstly，an original image was separated into tWO parts by adaptive pie— 

filtering．These tWO parts werc then transformed inm a mu[1iscale wavelet packet(WP)domain and the W P coeffi 

cients were processed by a soft thre sholding filte r method．The processed coefficients for each part werc then 

1 ransformed back into the space dom ai~．FinM[y．the de～noised image obtained a8 the sum of the tx~'O pro— 

eessed parts Performanee of this new method has been tested by a comptlte r simulated image U[trasound images 

se1 Of a plastie bowj in a water tank has been uti【ized for 3 D u【1rhsound reeonsl ruction It wa found 1hal 1h1s 

technique reduces the speckle noise effeclively，and preserves the resolvable details． 

Key words multisca[e reso[m ion thresho[ding-ultrasound tUS)speckle-wavelet packet(W P)transform ，adap— 

tire weighted median fdter (AW M F 

一 种基于非线性域值小波包的超声图像闪斑抑制方法 

孕 斌 庄天戈 

上海交通大学生物医学工程系 ，匕海 ．200030 

摘要 在B超三蝗成像中，采用了一种新的基于非巍性域佳小洹包的 斑(Speckle)噪声抑制方珐来提高成像质 

量 首先将一幅原始图像璺过莉撼嫂磬解为高颊噪言图像和 匠额主体圈像西部分．然后舟 经过 多舟辩率小渡包 

处理，得到一组小波包域曲系数．该系数是用 一种软闽值滤渡蕈法盐理．去除掉其中的噪言井保留下各 自的有I甲信 

电．两组分别去噪后的小渡电承数经反受换回到时域井相加．得 消除了曛声的圉絮．谊算法的性能在计算机仿真 

訇像上进行 了验证．采用谴方法赴理 了一组水嗜 中的碗状曲体的 B超 目像．并 进 圩 了三雏体视 化重构．实验表 明， 

这种方注可 有救地抑制超声 斑噪声 在重构士保留对象的红节特征． 

关键词 多舟辨率阑值，超 亩 斑噪 声． 渡包 变换 ．自适应校值滤波器 

Intr0ducti0n 

Volume rendering methods a re difficuh to be 

u sed in uhrasound imaging system because of the 

speckle noise and other limiting．Speckle is a term 

used for the granular pattern that appears in B 

scan images．and can be considered as a kind of 

muhiplicative noise - ．It is caused by the construc— 

tire and destructive ；metfefence of back scattered 

signals due to unresolved tissues in homogeneity． 

It significantly degrades the image quality and in 

creases the difficulty'in resolving fine details in im 

ages during diagnostic examinations．A major COil 

cern in volume rendering is to render the bound 

aries between different tissues．Boundaries can be 

detected by eomput ing local gradients in the vol 

ume，but these computalions will generally be very 

nO se—sensit【ve． 

To dea1 with noise reduction． a nonlinear 

threshold wavelet packet(W P)met hotI based On 

an adaptive pre——filtering for ultrasonic speckle sup—- 

pression is presented This nlethod combines the 

稿件啦到 同期 200 2 01 0§．挎酸稿收到 日期 2,201 n 5 25 

维普资讯 http://www.cqvip.com 

~ ~O1l'~ 4!W 
~(HJl ~ 8 Ji 

rr :i'r ~ ~ '* 1& "¥: W. VnL ~G. :.lu.4 
AllgU~t .20Gl J. Infrared Millim. \V:=.tv\:,:'-. 

A SPECKLE SUPPRESSION METHOD BASED 
ON NONLINEAR THRESHOLD WAVELET 

PACKET IN ULTRASOUND IMAGES 

LI Bin ZHUANG Tian-Ge 
(l);;.partmem of HlOmedlcal Engmccring. ShanghaI ltantang Unn:o.:r:-'lty. ShanghaI 211(1038 I China J 

Abstract A novel met bud ba<:.C'd on n(mlmear tbr'f'~hnld w;:l\'elet I'dcket was explored in order tu ~upprt;"ss the 

;,;peckle!o. In B-scan ,'1-D ultrasounrllmagtng. Flr~tly. an ongmallmdRe was ~l::'paraled into two part;,; by adapttve pre­

filtenng. The"e tWo part:-. wer..:: lh~n transformed inTo.) a multtso..:alc w.Jwlel packet (WP J domain and tht \VP coefFi­

<:lcnt~ W{'n' prore~:st;'tl by a "iolt thrr·"bvldmg fdter m~\hrJd. The pr('(l::'~..,ed 'l:ot'fflclent:'i fur ea..:b part were then 

tran,durmed back lnto the "'['aCl' domaIn. Finally. the dC-n(\IScd 101:tgc w,q.., (ibtained a.', thc sum of the twn pro­

cc,,!-oed pan .... PcrformancE' (If thn'l new met bod b3.~ been te~ted b~· a l·0mIJlHCr-;,.,imulated image. Ultrasound images 

~et of a p[a~ti(' bowl in 3. w<th:r tank hM b",en utl[w;d for j-rJ uhra~c.und roO-('l)nstruction. It W<lt-; f0und thal ttm:. 

tecbnique redu('es the ~peckk nrol:'.": cUeLllVcly., and I're .... erv(::,o dw rC'!-oulviihle dCtdil.c:.. 

Key words multlt-; . .:ale re;,;olutlon thre~bdding. ultrasound (US I speckle. wdvekt \-Jacket I WP I lran!-ororm, adap­

tive weigbted median fitter (AWMF) 
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Introduction 

Volume rendering method. are dilli,'utt to be 

used in ultrasound imaging system becau~1;:' of the 

speC'kle nOise and other limiting. Sp~ckle is a term 

used for the granular pattern thaI appL'ars in B­

scan image:-: ~ and can be consldercd a~ ;1 kind of 

multiplicative noi~H:·:~l. It is C'aused by the construc­

tivE' and deslruCl1ve interference of back-scattered 

signal:::. dul:' to unresolved tb~LlC~ in homogenelty. 

It significantly degrades thE' lmage qualiTY and Ln-

Cfl:'.:i:'-es tht difficulty Ln re~olving flne dHaib in !lU­

ag('~ during dl8gno~lL(' examination.s. A major con­

cern in vol um(:' renderl ng j.-:. to render the bourld­

aries hetwc;en differf'nt tissue~. Boundaries can be 

det~cted by computing local gradients in the vol­

ume, bUT thes.c ('ompuTatiun~ will generally be Vl:'ry 

noise-::;l2n::--11 lVf'. 

To dt'al with noi~e rL'ductlOn~ .3 nonlinear 

threshold wavelet packet (WP) meT hUll based on 

,m adaptive pre-filtering for ultrd:,,-onic speckle ~up­

pn:,~siL)n is presenTed. This. methud L'ombine~ the 
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W P multiscale nonIlneer threshoid with the 

AW MF ． After adaptive pre filtering，both the 

outputs of the filter and the usually discarded part 

are processed by the presented method to extract 

the useful signals．For the purpose of suppressing 

~IOSI part of noise and reserving the most signifi— 

cant feat ures．an optimal threshold depending on 

1he estimation of signal and noise energy levels has 

been applied to ultrasound image． In this work— 

we demonstrate that significant enhancement of 3 

D ultrasound image reconstruction qua[ity can be 

achieved when applying the optimal threshold 

method lo a sequenttat 2-D image set．Performance 

of this ncw method has been tested by a computer 

simulated image and an ultrasound image set of a 

DInstic bowl in a water tank．It is{ound thal 1his 

method can effectively reduce 1he speckle noise 

within homogeneous tissue．preserve and enhance 

details．Thus it【mproves the robusmess of volurlle 

rendering in ultrasound imaging． 

1 Approaches of Image Processing 

The most conlgllon noise model for ultrasound、 

image is additive Gaussian noise． But Loupas “ 

Ⅱ ．D found that the envelope detected echo signal 

with fully developed speckle has a Rayleigh disti'i 

button whose raean is proportionai to the local 

variance．Therefore，a noise model can be used for 

signal processing 

Y．一 + ·√s． i∈ ：1．Ⅳ]， (1) 

where ．，5．，and n．represent ．respectively，the 

obser,,ed signal，noise—free signa1．and zero~lean 

Gaussian noise of the ith sample，and N is the 

number of samples． 

First，the original image is separated into 

tw0 parts 1 and i!．Image 1 is the output of the 

AWMF and image； is obtained by subt racting 1 

from the original image，．While represents 

most of the signal，i!contains most of the noise． 

Both parts are composed of signal and noise．The 

two part s are then decomposed into different parts 

hv a 2 D W P rransform．The W P coefficients are 

then processed with the nonlinear threshold 

method． W e use d【fferent threshoIds in different 

scales．These thresholds are acquired according to 

a nonlinear threshold method．Considering the dif 

ferent proportion of noise in different parts， a 

noise reduction factor s introduced to modify the 

threshold in part one． 

After soft thresholding．the W P coefficients 

of the two parts 1 and ， are inversely trans— 

formed to space domain yielding } and } ． 

These two images represent the signal components 

extracted from and；，．The final noise—reduced 

image is obtained by summing，0 l and }2． 

2 Adaptive Pre-filtering 

The median filter takes the median value of 

the pixels in lts windows as the value of the centraI 

point．The number of pixels in the windows must 

he odd．but the shape of the window js not re— 

stricted． In 2 D case the square shaped median 

filter has no preference to the edge direction in ver一 

1jca】or in horizontal edges．It is suitable for ultra 

sound images since the edges in US images may ex 

1t in all directions． In our experiments the 7× 7 

square window is used． 

The weighted median filter extends the simple 

concept of the median filter by the introduction of 

weight coefficients．This operation is performed by 

multiplying each term of the ranked pixel intensity 

values．tf 。f ”。f x byits respectiveweight 

denoted by 1．”2，⋯ ， ，toform an extended se 

quence zG,L，1．w 2f!，⋯， ，N}．For a square win— 

dow with sides of length 2K+ 1，the weight eoeffi— 

cient z6,．．．at point( ， )in the window is 

m ，一 [Ⅳ H L)--cda ／7]， (2) 

where W l +1．K一1)is the central weight and the 

square brackets denote the nearest integer to the 

term inside the brackets or zero if the result of the 

addition within them is negative：f is a scaling con— 

sinnt and d is the distance of the point from the 

center of the window．The local mean is denoted 

by—oT and the local variance by ． 

In the adaptive mean based filter the measure 

of similarity． ，given by the ratio of local variance 

over the local mean．is used to control a constant 
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WP multiscale nonlinear threshold with the 

A WMFC"J. After adaptive pre-filtering. both the 

OLTtpub of the ftlter and the usually discarded part 

are processed by the presented method to extract 

the u~dul signals. For thE':' purpose Df suppressmg 

mc':st part of nOIse and reserving tht..~ most signifi­

Lant features. an optimal threshold depending On 

the estImation of ~ignal and noise enE'rgy levels has 

bC'l?n applied to ultrasound image. In this work. 

we demonstrate that ~jgntftcant enhancement of 3-

D ultrasound image reeonstruction quality can be 

achIeved when applymg the optimal thre~holcl 

method 10 a sequential 2-D lmage set. Performance 

of thi~ new method has been te~ted by a L:omputer­

:-.imulaled imagt: and an ultrasound image set of a 

pb~tlC' bowl in a water tank. It i~ found that thi~ 

method can effectively reduce thf' speckle noisL 

wLthLn homogen{'ou~ tissue. pre~('r\'e and enhance 

details. Thus it improve~ the robu .... tnes5 of volume 

rendering in ultra"ound imaging. 

1 Approaches of Image Processing 

Th(' most common noise modd for ultrasound ~ 

image is additive Gaussian noise. But Loupas e>t 

lIl. [lj found that the envelope-detected echo signal 

with iully developed ~peckle has a Rayleigh dIstri­

bution whose mean IS proportional to the local 

variance. Therefor~. a noi~e model can be used for 

signal proces~ing 

.", = I, + n, ... /'---;: 1 E =1.1'.'J, ,)) 

where y" '\' and fl, repre~ent . rbpectively, the 

obsen'ed :"ignal. noise-free signal. and zero-mean 

Gaus~ian nois(' uf the ith sample, and lV is the 

number of samples. 

First, the anginal image j is separated into 

two parts L and ~~. Image :;'1 IS the output of the 

AWI\:IF and image ~: IS obtained by subtracting :~ 1 

from the origLnal image j. WhLlE> S _ represents 

most of the slgnal, L contaln~ mo~t of the noise. 

Buth parts ar(' composed of si I5"nal and noi se. The 

two parts are then decomposed Into different parts 

by a 2-D WP rran:--form. The ,;yp coefficients are 

t hen processed with the nonlinear threshold 

20 fO 

method. We use dLfferent thresholds in different 

scales. These thresholds are acq uired according to 

a nonlinear threshold method. Consldenng the dif­

ferent proportTOn of noise m different parts. a 

noise reduction faLtor is Introduced to modify the 

threshold in part one. 

After soft thresholding, the WP coefficients 

of the two parts ~\ and i l • are Inversely trans­

formed to ::-pace domain yielding If1 and I~~. 

These two images represent the signal components 

extracted from ~. and L. The final nome-reduced 

image is obtained by summmg I~'I and f.~~. 

2 Adaptive Pre-filtering 

The medLan filter takes the medIan value of 

the pLxel::- in its windows as the value of the central 

point. The number of pixels in the windows must 

be odd. but the shape of [he window is not re­

stTLcted. In 2-D case, the square-shaped median 

filter has no preference to the edge direction in ver­

tical or in honzontal edges. It IS suitable for ultra­

s.ound images since the edges in US images may ex­

It in all dIrections. In our experiment~ the 7 Y 7 

~quare window i~ used. 

The weIghted median fTlter extends the simple 

('oncep[ of the median fiher by the introduction of 

weight coefficients. This operation is performed by 

multiplying each term of the ranked pixel intensity 

values. ':/1' Iz.···. Ix::. by its respective weight. 

denoted by 'U.'1 • w~, '" ,w! .. :. to form an ex [ended se­

quence ,:wl/1' w-,f~,'" ,w_,,'I,,'~. For a square win­

dow with "des of length 2K + 1. the weight caelf,­

elent 'lB,.) at point \t ,j) in the window is 

w".J=[1;V\K+1.j.·+ll-cdr12/~], ~2) 

where \-1l"qJ. .... -1' IS the central weight and the 

square brackets denote the nearest integer to the 

term inside the brackets or zero if the result of the 

addition within them is negative; c is a scaling con­

stant and d is the distance of the point from the 

center of the wmdow. The local mean is denoted 

by:;: and the local variance by (1:. 

In the adaptIve mean-based filter the measure 

of ~imilarLty. p, given by the ratio of local variance 

over thE' local mean, is used to control a cons[ant k 
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for 0≤ ≤l by 

k一 (gp P )／P， (3) 

where P is the mean value of P for a local area of 

an image that is considered to consist of fully de 

veloped speckle．The constant g is a scaling factor 

that ensures is always less than one．k adaptively 

changes the output between the original value 

(』)and the local mean ( ) 

§一_r—k( — )． (4) 

The original image is nonlineariy separated in 

totwo parts and by usingAW MF 

一 ，** (5) 

{ 一 一 (6) ：一 o ，一}．<。 。 

Where f is the original image and"is the impulse 

response of the adaptive filter． 

3 Nonlinear Threshold W avelet Packet Fil 

tering 

l'he AW M F effective Ly suppresses speckle． 

However it【oses much useful detail because it is 

merely a low pass filter．W hen speckle suppres 

sion is used．it should be noted that both discarded 

and retained outputs must he the functions of both 

si nal and noise．while a different part has a differ 

ent SNR (signal to noise ratio)．Soft threshold is 

a mu【tisca1c ana Lysis method and it can he used to 

deleet fine details Jn ultrasonic images．However， 

■_ l{ l 

I 
(a) (b) 

the thresholds in this method are usually,deter— 

mined by the noise level，which is not known a pri 

ort and Fi1ay be difficult to estimate． 

X．Hao et n ． j introduced wavelet multiscale 

soft threshold method to reduce the speekle of US 

image，which vcas pre—filtered by AW M F．But 2-D 

wavelet transform only separates low frequency co 

efficients into tWO parts．a Dewr low pass eoeffi 

cient and a high-pass coefficient． The error infor— 

malion between the continued low pass co r~po— 

nents will be obtained by the high——pass compo—— 

nents．and it will not he decomposed． We use 

wavelet packet transform ．Both the low—pass sub 

band and the high pass subband can be recursively 

decomposed by using a pair of wavelet filters，and 

the entire W P tree can be obtained．Thus we can 

analyze the local signal more accurately． 

The wP filtering method attempts to reject 

noise by threshoiding in the v,ravelet domain and it 

has been proved to work wel1 in many applica 

tions． 

Since the noise variance is not known in prac— 

tiee．tt must he estimated from the data．The esti 

mated noise variance is taken to be the standard de 

viation of the high part of the first level of the 

wavelet decomposition．Our goal is to optimize the 

mean suuared crror(MSE) 上lE[1 ～ I1] ， 
，‘ 

where is the noise level， is the unknown signal 

c) d) 

Fig．1 Suppression of speckles Ln computer simulated image 

ca)1he original image (h)the speckle polluted im age 

(c)thc noise—reduced image by 】I㈨ f lyreshold method 

(d)the n(ri se redu ed im age by m uhiscale nonlinear threshold wavelet packet method 

臣l 1 去除计算机仿真图像中的闪斑噪声说明 

( )原图像 tb)被闪斑噪声污染的图像 (cj采用线性域值方法去除噪声后的图像 

(d)采用非线性域值小波包方法去除噪声后的图像 
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LI Gin, <'I Ill. A ::-.peckll' '-uppres::-.lun methu<1 bc.sC'd on o(mltnC'.u 
Lhresh,-,Id w.:wcleL packel In uhr.:t .... '-'und imdg('~ 

for O~k~J hy 

k~(gp-p,I/P· 

where po is the mean value of p for a local are:a of 

an image that is C'onsIdered to con~if-t of fully de­

vdoped speckle. The constant g i.s a scalmg factor 

that ensures I: is always le5s than onC. k adaptively 

changes the output j. between the original value 

(A ) and the local mean (~) 

].=:;: --I: (.r - ,(,). ( -Ii 

The origin,d image i~ nonlinearly separated In­

to two part~ :~ _ and ,~:; by using A WMF 

(5 ) 

f- ~< I~O 
( til 

j-:i',<n 
Where f is the original image and 'U' is thE" Lmpulse 

response of the adaptive filter. 

3 Nonlinear Threshold Wavelet Packet Fil­

tering 

The A WMF effectivt-Iy ,upprc",es speckle, 

HClwc.ver, it lose~ much u~eful detaLl becausL' it i~ 

m~rcly a low-pas~ fIlter. When speckle suppre~­

sinn is u;,-(·d. it should be n(,ted rh3t both diE-carded 

and retained l)utpub must be the functL(lns of bnth 

signal and noise. \vhilL' a different part ha~ a dLffer­

tont SNR (sLgnal-to-noise fatio). Soft threshold 1::. 

a multiscalc analysis mt:thod and It can be It''E"d to 

ddect fjnE' details in ultrasnnic tmages. Howevcr. 

(a) (b) 

the: thrbhcdds in this method arc usually deter­

mined by the nOLse level. which LS not known a pri­

on and may be difficult to estimate. 

X. Hao t!t u.f. ::J introduced wavelet multiscale 

soft threshold method to reduC'e the speckle of US 

image. which w", pre-filtered by A WMF, But 2-D 

wavelet transform only :separates low frequency co­

effICIents IntO two parts. a new low-pass coeffi­

C'Ient and a high- pas~ coefficient. Thto error infor­

mation hetween the continued low-pass cor~po­

nents ,.,Till he ohtained by the high-pass compo­

nents. and it will not bl2 decomposed. We use 

wavelet packet transform. Both the low-pa5s sub­

hand and the hLgh-pas.s suhhand can be recursively 

deC'omposed by USIng a pair of wavelet fIlters. and 

thto entire WP tree can be obt3Intod. Thu::. we can 

nnalyze th(o local ~ignal more accurately. 

The WP filt02ring method attempts to reject 

n(li~L' fly thTL$holding In the , .. 'avelet domain and it 

has be~n {Jroved to \ ... 'ork well in many applica­

tion, ..... 

SinCE" th{-, noise vananC'E' is n(lt known in prac­

tice. it mu~t be estimated from the data. The es.tI­

mated noise: variance i~ taken to be the ~tandard de­

viation (If the high part of the first level of the 

wavelet decomposItLon. OUT goal is to optLmize the 

mean-"4uared error ('viSE I ~ E [ II ~- - _, II J'. 
" 

wht.·re (J tS the noise level • ..\ i~ the unknown signal 

(c) (d) 

Flg_ 1 Supprt'~:::'lon .)[ ~pc('k:e" tn compuLo,;r-::"lmu]fiLed tmage 
(.:l) the urlgmal It[l3.~C (b) the !'opec kle-poIluted tmage 
\c) the noJl<..e-redu("('n image by lmc':H rhre"h'Jld method 

I d) the olji~e-reduced tmd(2:t' by muht~c.'Lle nonlmear thresh~Jrd waveleL packel methnd 

l~ll $'~H.IIl(ljl{OOit9'B'Jr!JWI\\l"'Hl.El.Il 

'" ~rn ~ ,b ",jJ'lM'" '" i'i§"" B'J 00 ~ "'* ~tli. l'EJ!j((1LlJit $'''''''' '" !5 B'J 00 ~ 
(d HIHIl '" W;,i'tl!.t m/J' ill' -E! Hit £ I"' .... "'!5 Ei'J 00 i* 
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(c (d) 

Fig 2 1rhe ul c rasound image of plastic bowl 

a)originai uh ra~ound image (b)image processed by pre filtering-which contains most of the signal 

fc、image processed by pre filtering．which comains⋯ r of the noise 

m )the noise reduced image processed by the anmhors’eotnbined川tering method 

fe)Ihe 3-D image ol a plastic bowl reconstruction with 98 lices aher speckle suppression 

图 2 碗状物体的超声图像 

ta)原始超亩图像 (b)经预滤 波后包 含主要信号的图像 

t c1经滤波后包吉太部分噪声的图像 fd)采用车文方法碱少噪声后的图像 

(e)采用 98片抑制闪斑后的超声图像叠加重构而成的碗状物体的三维图像 

from n。【se data and Is the estimate of ．The W P 

threshold method has three steps： 

Step 1．computing the DW P of the noise data· 

and obtaining the W P coefficients． 

Step 2，applying the soft threshold nonlineari 

ty 

irp > t 

2t( )= 0 一f≤ ≤ (7) 

l +t v<2一 ． 

to the wavelet coefficients with a specially chosen 

threshold 一f 一 ／log( )d． 

Step 3，performing the inverse DW P on the 

thresholded wavelet coefficients． and recovering 

1 hP esl mate；． 

4 Conclusion 

Performance of this new method has been 

tested by a computer simulated image (Fig． 1)． 

The result shows that the presented method can 

obtain better results tban linear threshold meth 

ods． This paper has exptored the applieation of 

combined filtering of AW M F and soft t hresholding 

wavelet packet method in a vo[uFile rendering plas一 

(e) 

tic bowl of ultrasound images (Fig． 2)． In this 

method，different thresholds are employed in dif～ 

ferent scales．so the resolution of signal and speck～ 

le can be obtained more accurately in each scale． 

The summing of the signal component in the two 

parts conserves the real signal as more as possible． 

Distinct features of 3 D reconstructed object have 

been obtained successfully by applying the method 

to 98 sequential ultrasound slice images． 
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( a) (b) (c) (d) (e) 

l- 19. ~ [hI" U 1\ r ~5aund Image of plas.llC bowl 

(a) (.n!,:ln.:.i U!tf.1 .... uund Image (\..,) tnrilge pTOc-e~~""d bypre-hhenng. wluch contain:,. mo.<;i of the signal 

10:) lmag<;, pnKe~~ed by pn·-flltenng, which conlam3 mo:,.t vf Lhe nOI"e 

lel I tl,,::: not~e-redlJ~'~d m[,rge proc(~st;'d by the an(JlhoT<" ,-otrlbmed fillerlng method 

(l") Ihe j-lJ lrnd!,:T o[ 3 rbSlU: Lowl re"on~lTucllllD WIth 98 ~It,-..,., .. dl~·r speo:ki", supprE"s..-o.ion 

IE' ~tI:\!Jl*il'Jjij!'" lEft 
,. )"'li'1jij!'" IE!~ , b )j';jjjj!f iJJ' Fo!iJ.1f ± 'lit!. ,>",) IE!# 

" ',;'II! iltB!iJ. 1f:*:1fIl 5t1lll'" iJ<J IE It'd J'IUll $.::l:1flliilti ",'>1/,,,, FoiI'J IE W 
'e) ~ffl " >t 1>1 iIil filM Fo EnMl'" IEftcttnJtl'rilil}jl;iI'J $itl:~l*iI'J:=m lEft 

from nOLse data and ~. is the: estLmatl;:' of s. ThE:' WP 

thre~hold method ha~ three ~teps: 

Step 1. computing the D\VP of thE:' noi~e data. 

and ubtaining the WP coefficients. 

Step:!. applying the ."oft-threshold nonlineart-

ty 

(v-t :,.'>t 

(7) 

v< -/ . 
to the wavelet coefficients \vith a specially-cho~en 

thre::-.hold t=tn = /log(n)a. 

SteI-' 3. perfurming the Lnv(:r~e DWP on the 

thresholded wavctet cueffinent::::._ and recovering 

the eE-timate ,\, 

4 Conclusion 

Performance of this new method has been 

tested by a computt:r-simulated tmage (Fig. 1), 

The r('suh ~how, ... that the presented method can 

ohtain better n":-..ults than linear thre~hold meth­

od::--. Thi~ paper ha .... explored the application of 

cc,mbmed liltering "I A WMF and ,olt t hre,holding 

wRvelC't packet method in a volume rendering plas-

tic bowl of ultrasound Images (Fig. 2). In this 

method. ddlerent thresholds are employed in dil­

ferent scale~. so the resolution of signal and speck­

le can be obtatned more accurately in each scale. 

The summing of the signal component in the two 

parts conserves the real signal as more as possible. 

Distinct features of 3-D reconstructed object have 

bt'en obtained successf uHy by applying the method 

to 98 sequential ultrasound slice images. 
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