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STATISTICAL PROPERTIESOF WAVELET TRANSFORM
COEFFICIENTS OF BACKSCATTERING SIGNAL FROM SOFT
TISSUESAND THEIR PHANTOMS
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st. Pawinskiego 5B, 02-106 Warsaw, Poland
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“Belarussian State University,
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dubrovina@tut.by

The paper contains the wavelet approach to registered backscattered RF signals from
two different cases. First, the wavelet analysis has been performed for RF signals registered
from soft tissue phantoms .The second case is the wavelet analyses of RF scattered signals
from regions of healthy and BCC changed human skin. The three phantoms made from tissue-
mimicking material with different structures have been measured. We claim that there are
visible differences in the statistical parameters of wavelets coefficients of signals between
healthy and BCC changed skin regions as well as between phantoms without scatterers and
with different number of strong small scatterers.

INTRODUCTION

The aim of the study is to investigate the diffeéistion of three structurally various soft
tissue phantoms and, to localize regions with mstractural changes due to regions of
healthy and ill skin using wavelet method. The rodtbf wavelet transform has been applied
to analyze the backscattered RF signals obtaimed éitrasounds transducer used to irradiate
different materials. The reason of applying thevelat approach to this signal analysis,
besides classical methods based on Fourier decatimppds a strong need to improve
parametric differentiation of soft tissue regionstizeir phantoms, which until now have not
used the wavelet methods. During the performedraxpet, cf. [1], three types of phantoms
were used: one of them was pure phantom (it withémed further as Phantom 1), the second
one has glass balls inside with density 6 itemsywaB (Phantom 2), the third one has density
30 balls per mm3 (Phantom 3). To develop the thmaleand experimental basis for
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temperature measurement during heating of inteswbns of soft tissues we would like at
first to find an answer to the question what pagars characterizing the ultrasonic acoustic
signal, being recorded during the heating, are ifsogmtly associated with the local
temperature increase. First step is to study awopsbperties of self fabricated soft tissue
phantoms by different approaches to proof efficgeotmethods used in the future analysis,
which will be more complicated in the case of hegti The paper contains the wavelet
approach of registered RF signal backscattereathyissue phantom samples.

A differentiation of the healthy human skin regicrsd the skin lesions regions (BCC
basal cell carcinoma) basing on a statistics ofdheelope of ultrasonic echoes has been
performed in papers [6-7] . The echoes envelopasilalitions were modeled using Rayleigh
and K-distribution. The results concern in chanazétion the changes in tissue regions by
different values of a characteristic parameter hid K-distribution, namely the effective
number of scatterers. Inspirited with that resuléshave used the same digital dataset and we
have performed wavelet analysis. The Daubechiesa@elst was chosen as analyzing
wavelet. There have been chosen because of their $omilar to the shape of reflected
impulse signal, see Fig. 1. This decision is euirbitrary, one shall consider different
wavelet shapes to be sure that the use of Daulse@hsein some sense optimal.
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Fig.1. Left: Reflected impulse signal in water - dashed line thiedsame signal transmitted thru Phantom A
and reflected — continuous line. Right: Daubechiggvelet.

1. GENARAL CONCEPT OF WAVELET APPROACH

Wavelet techniques are widely used in signal prsiogshow (see e.g. [2-3]).

The main idea is that any functiofi(t) from the Lebesque space’(R) (functions
integrable with the® power) may be represented in the form

FO=28 48+ 29 &k
k iz
where ¢,  are basic wavelet functions depending of chosetyaimg wavelet, satisfying
i

the conditionsy,, =22l//(2't—k), ¢, « are scaling functions, coefficients and d are
calculated.

We choose Daubechies 6 wavelets family as analymiagelet, cf. [2]. This wavelet
family is wide-used because of their possibilitypsé-defined properties. The wavelet and

scaling function from the Daubechies family hasamalytical formulae and they may be
calculates using following relations
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ol)= 2ol 1)
WO=25 0,802 -1)

2
where Z‘hk‘ <o,
k

To have the coefficients for Daubechies family,[8], the orthogonality of scaling functions
must be ensured, so

Ehkhk+2m :50,m'

As well as the orthogonality of wavelets with respgcaling functions

M9k m =0
Its solution shows how the scaling function coedints g, may be represented from the
wavelet function coefficients,

Ok = (_1)k o 1o -
Two other additional conditions are the orthogdwgaidf the wavelet function to the
polynomials of degree up ta -1

>k"g, =0 or > (-1)h, =0,
k k
and the normalization condition

Sh=+2.

The Daubechies 6 has compact support, namelyk tlevel wavelet functiory, has support
[0,2k +1], and 6 vanishing moments. The coefficients ofisgalinction are calculated in [3]
and their values aréh, =1.14111692 h, = 0.650365 h, = -0.1909344h, =-0.1208322,

h, =0.0498175 Coefficients for wavelet functions may be obtalfi@m (3).

2. WAVELET APPROACH TO PHANTOM SIGNAL PROCESSING
The main idea of this investigation was to extrapwimethod of wavelets analysis of fetal
heart-rate signals used in [2] to the data of #scdbed experiments.

The Daubechies 6 wavelet was chosen as analyzinvgleta There have been chosen
because of their form similar to the shape of dnaib impulse signal. The whole datasets
were investigated for 12 approximation levels,js= 2. 1

Using MathLab Wavelet Toolbox [5] it was obtainé@ decomposition of original signals
for 12 levels. The example is shown on the Figurdere s denotes the original signad, -

a,, show the signal reconstruction according to c@oading approximation level, - d,,
are detailisation coefficients of correspondingeleand cfsshows the coefficient distribution
graph.
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Fig. 2. Example of signal decomposition for 12 levels.

In the paper [8] the comparison of decompositidrnsuoe signal on different levels have been
discussed.

It was conclude that because matrix material & shme in the 3 phantoms the
differences arising in analysis are due to numliescatterers. It has been observed that on
the 9-level of approximation there appear similesitbetween Phantom 1 and Phantom 3,
while Phantom 2 is qualitatively different. Thicfas even stronger evident when 12-level of
approximation is taken into account. In the matnpaterial we have rather uniformly
distributed weak scatterers and the amplitudeftéated wave fluctuations are also not high.

The comparatively large number of glass balls lmaronsidered to be also distributed
uniformly and they dominate in the backscattergmhal amplitude fluctuations (higher than
in the case of pure matrix Phantom 1) giving ressimilarities in wavelet analysis. Contrary,
comparatively low density (Phantom 2) of strongttecars, and, at the same time existing
noise from weak scatterers, introduce the doublecstre of random character of
backscattered field. It is probably the differenasible in wavelet form of 12 level
approximation. To discover other differences weehapply wavelet analysis to envelope of
signals, but without any kind of compensations. @ifeerences in coefficients on different
levels are depicted on Fig. 3 below.
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Fig. 3. Signal envelope decomposition from 3 phiasto

The large number of scatterers ( Phantom C) arsibj@” on the two-dimensional
picture of wavelet coefficient distributions - stger fluctuations in the right side of pictures
(left side is less visible because we did not campee the attenuation). The tendency to
differentiate between “columns” in the pictures. ithe same values of coefficients on
successive scales, one can also notice in the a@Bswvoderately number of scatterers
(Phantom B).

Besides MATLAB the software R has been used wittbtmx WAVELET and MRA (Multi-
resolution Analysis) to perform statistical anadysf wavelet coefficients on different level of
signal approximations. The Beta distribution andm@ea unormalized and normalized
distributions have been used to fit the histograhime results are that better fitting is for both
considered Gamma distributions. The values of Ganpaameters - shape and scale
parameters - quite well differentiate our strucsufiee. glass ball densities) until 6-7 level of
approximations, cf. Fig. 4 and Fig. 5.

mmmmmmmmmmm

Fig. 4. Gamma unnormalized distribution coeffi¢genleft - the 6th level of approximation right
12 level of approximation

Fig. 5. Gamma normalized distribution coefficients : lefhe 6th level of approximation right - 12
level of approximation
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3. WAVELET APPROACH TO SKIN SAMPLES SIGNAL PROCE385b

As it was noticed the skin regions changed by Bii&ss have been recognized by
different values of K distribution shape paramétdi6]. We decided at first to repeat the idea
but to use for statistics wavelet coefficients frimwel 6" of approximations instead envelope
statistics. The results are not satisfactory yet. 8&n see differences in shape K- distribution
coefficient in healthy and ill regions, cf. Fig. @t this differences are also visible for simple
statistics of wavelet parameters, cf. Fig. 7, 8.
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Fig. 6. Shape parameter of K-distribution of wavetgefficients on B level of approximation for
healthy (Serie 1) and ill (Serie 2) skin.
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Fig. 7. Mean and Median of wavelet coefficientstBrievel of approximation for healthy (Serie 1)
and ill (Serie 2) skin.
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Fig. 8. Standard Deviation and Minimum Values ofrelat coefficients on'6level of approximation
for healthy (Serie 1) and ill (Serie 2) skin.

64



Volume 16 HYDROACOUSTICS

The 2 dimensional wavelet diagram of the wholeaegicannedh vivo enables to recognize
the ill regions visually, in a different way thans done in B-scan mode picture, cf. Fig. 9.

BCC chaned tissue region

Fig. 9. 2D pictures of wavelet coefficients on diffnt lines of A scans

4. FINAL REMARKS

The experimental data obtained from the registnatibthe backscattered signals of the initial
ultrasound impulse formed our dataset used in ateutations. We divided our consideration
into two problems: finding such signals propertigsch are due to different structure of three
soft tissue phantoms and finding new ultrasonickerar of skin lesions (BCC). The data
from in vivo performed measurements in human skin with the afsélicrosonograph
constructed in the year 2000 in the Ultrasoundpaiienent of the Institute of Fundamental
Technological Research we obtained by courtesidoPiotrzkowska. We can not claim that
both our problems are solved. For the comparatigghple microstructure in Phantoms our
results are more clear. The Gamma distributionrpatars can be used to differentiate the 3
cases. The methods used here are new in this kiedilssignals and our results can be treated
as only introductory. We are able to calculatediaistically noticeable differences in regions
of healthy and ill skin, but the more detailed gs# is still lacking.
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