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Abhstract

speckles in B-scan 3-D ultrascund imaging. Firstly. an onginal imapge was separated into two parts by adapuve pre-

A novel method based on nunlwear threshnld wavelet packer was explored in order tu suppress the

filtering. These two parts were then transformed into a multescale wavelet packer (WP domain and the WP caeffi-
cients were processeld by a soft threshelding flter methad. The proce-sed coeffwients for each part were then
tranzformed back into the space domamn. Finallv. the de-noised image was abtained &+ the sum af the twn pro-
coessed parts. Performance of (his new method bas been te<ted by & computer-simulated image. Ultrasound images
set of a plastic bowl (n a water tank has been utihzed for 3-0 ultrasound reconstruction, It was found that ths
techinique reduces the ~peckle nmse effeciively. and preserves the resulvahle decads.

Key words muluscale resolution thresholding. ulirasound (US| speckle . waveler packer (WP (ransform, adap-
tive welghted median filter (AWME
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Introduction

Volume rendering methods are ddficult to be
used in ultrasound imaging system because of the
speckle noise and other limiting. Speckle is 4 term
used for the granular pattern thal appears in B-
scan images. and can he copsidered as a kind of
multiplicative noise-*l. It is caused by the construe-
tive and destruetive interference of hack-scartered
signals dut to unresolved tissues in homogenety.

It significantly degrades the tmage guality and n-
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ereases the difficulty in resolving fine details in in-
ages during diagnoste examinations. A major con-
cern in volume rendering is to render the bound-
aries hetween different tissues. Boundaries can be
detected by computing local gradicots in the vol-
ume « bul these computations will generally be very
naise-sensit(ve.

Tu deal with noise reduction. a nonlinear
threshold wavelet packet (WP method based on
an adaptive pre-filtering for ultrasenic speckle sup-

pression is presenled. This method combines the
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threshold with the
AWMFY. After adaptive pre-filtering. both the
autputs of the filter and the usuvally discarded part

WP multiscale nonlinear

are processed by the presented method to extract
the uscful signals. For the purpose of suppressing
most part of nowse and reserving the most signifi-
cant features. an optimal threshold depending on
the estimation of signal and noise energy levels has
been applied to ultrasound image. In this work.
we demonstrate that signtficant enhancement of 3-
D ultrasound image reconstruction quality can be
achreved when applving the optimal threshold
method 1o a sequential 2-D unage set. Performance
of this ncw method has been tested by a computer-
stmulated image and an ultrasound image set of a
plastic bowl in a warer tank. It is {ound that this
method can effectively reduce the speckle noisc
within homogencous tissue. preserve and enhance
details. Thus it improves the robustness of volume

rendering in ultrasound imaging.

1 Approaches of Image Processing

The most contmon noise model for ultrasound ©

image s additive Guussian notse. But Loupas et
af. M found that 1he envelope-detected echa signal
with fully developed speckle has a Rayleigh distri-
bution whose mean 15 proportional to the local
variance. Therelore, a noise model can be used far

stgnal processing

=1+ - \"" 5 r € 1.7, 11y

where v.. » . and # represent . respectivelv. the
abserved signal. noise-free signal. and zers-mean
Gaussian noise of the ¢th sample, and N is the
number of samples.

First. the original image f is separated into
two parts §, and %.. Image §,1s the output of the
AWMFEF and image §- ix obtained by subtracting ¥,
from the original image f. While § represents
most of the signal. §. contains most of the noisc.
Buth parts are composed of signal and noise. The
two parts are then decomposed into different parts
hy a 2-I) WP rransform. The WP coefficients are
threshold

then processed with the nonlinear

method, We use different thresholds in different
scales. These thresholds are acquired according to
a nonlinear threshold method. Considermg the dif-
ferent proportion of noise wm different parts, a
noise reduction factor is introduced to modify the
threshold in part pne.

After soft thresholding. the WP coefficients
of the two parts §, and §,, are inversely trans-
formed to space domain yielding f; and fa.
These two images represent the signal components
extracted from $_and §,. The final noise-reduced

image is obtained by summing 4, and fy..
2 Adaptive Pre-filtering

The median filter takes the median value of
the pixels in its windows as the value of the central
point. The number nf pixels in the windows must
be odd. but the shape of the window is not re-
stricted. In 2-]) case., the square-shaped median
filter has no preference to the edge direction in ver-
tical or in hortzontal edges. It 1s suitable for ultra-
sound images since the edges in US images may ex-
it in all directions. In our experiments the 7 ¥ 7
square window 1s 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. {fi1s fioors Fui by its Tespective weight,
denoted by w2 .o vien, to form an extended se-
quence iitnfi- wifs. o wenfut. For a square win-
dow with sides of length 2K 41, the weight coeffi-
ctent o, at point 4. /) in the window is

w., =Wk wen—cde® /2], (2)
where W10 -y 15 the central weight and the
square brackets denote the nearest integer to the
term instde the brackets or zero if the result of the
addition within themn is negative: c is a scaling con-
stant and & 5 the distance of the point from the
center of the window. The local mean is denoted
by x and the local variance by o .

In the adaptive mean-based filter the measure
of stmilarity . p. given by the ratio of local variance

over the local mean. 1s used to control a constant &
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where p.is the mean value of p for a local arca of
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an image that is eonsidered to consist of fully de-
veloped speckle. The constant g is a scaling factor
that ensures & is always less than one. & adaptively
changes the output I between the original value
(1) and the [ocal mean ()
F=r—ktr—ad t4)
The ariginal image is nonlinearly separated 1n-

to two parts § and 5, by using AWMF
(5
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Where [ is the ariginal image and w is the tmnpulse

response of the adaptive filter.

3 Nonlinear Threshold Wavelet Packet Fil-

tering

The AWME effectively suppresses speckle.
Hawever, it loses much useful detal because it is
merely a low-pass filter. When speckle suppres-
sion is used . it should be nated chat both discarded
and retained outputs must be the functians of bath
signal and noise. while a different part has a differ-
ent SNR (signal-to-noise rario). Soft threshold 15
a multiseale analysis method and 1t van be used to

detect fine details in ultrasenic mmages. However,

the threshalds in this method are usually deter-
mined by the nowse level, which s not known a pri-
ort and may be difficult to estimate.

X. Haoc er /. " introduced wavelet multiscale
soft thresheld method to reduee the speckle of U3
image » which was pre-filtered by AWMF. But 2-D
wavelet transform only separates low frequency co-
eflicients intc two parts. a new low-pass coeffi-
e1ent and a high-pass coefficient. The error infor-
mation between the continued low-pass carfipo-
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 WP tree can be obtained. Thus we can
analyze the lgeal signal more accurately.

The WP fitering method artempts wo reject
naise by thresholding in the wavelet domain and it
has been preved to work well in many applica-
tions.

Since the noise variance is not known in prac-
tice . it must be estimated from the data. The esti-
mated noisc variance is taken to be the standard de-
viation of the high part of the first level of the

wavelet decomposition. Qur goal is to optimize the

mean-sguared crror (MSE) % ELI §—« | .

where o ts the noise level, s is the unknown signal

(a) (b)

Fig- 1
va? the vngmal siage

(e}

Suppressien of speckies m computer-simulaled tmage

ths the speckle-palluted rmage

o} the noice-reduced image by lincar threshold method

1dY the nuive-reduced tmmage by muoltiscale nonlmear threshuld wavelet packer method
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(a) (b)

(d) (e)

Fig. 2 [he uliresound inmage of plastic bowl

ta) coigmal ulirasound image (LY image processed by pre-filiening. wluch contains mesi of the signal

1 image prucessed by pre-bltering, which contains mast of the nowse

vd v the noree-reduced inrage processed by the anothors” combined {iliering method

{e) the 3-10 yimage ol a plastwe bowl reconstrucion with 98 <lices aller speckle suppression
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{rom noise data and § is the estimate of 5. The WP
threshold method has three steps,

Step 1. computing the WP of the noise data.
and obtaining the WP coefficients.

Step 2. applving the soft-thresheold nonlineari-

ty
fv—1¢ vt
Artv)y=: D — L vElg {7)
v+t vl —t .

to the wavelet coefficients with a specially-chosen

threshold 1 =t,= loginla.
Step 3. performing the nverse DWIE on the
thresholded wavelet coefficients. and recovering

the cstimate +.
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 than linear threshold meth-
ods. This paper has explored the application of
cambmned [iltering of AWME and soft thresholding

wavelet packet method in a volumie rendering plas-

tic bowl of ultrasound 1mages (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,
Distinet features of 3-I) reconstructed object have
been obtained successiully by applying the method

tw 98 sequential ultrasound slice images.
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