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Abstract— Deconvolution of ultrasonic echo signals improves resolution and quality of ultrasonic images. A
frequency deconvolution algorithm depends on the Fast Fourier transform is proposed for ultrasonic data.
The stability of the algorithm and the influence of the truncation effect on the deconvoluted results were
investigated with respect to the duration time of reflectivity function reconstruction and the signal to noise
ratio. Reliability of the separation of reconstructing the reflectivity of a biological tissue is estimated by fre-

quency deconvolution of the echo ultrasound signals.
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1. INTRODUCTION

The use of deconvolution technique for both range
and later resolution enhancement in ultrasonic appli-
cation has been subject to widespread investigation
and is well documented in the literature [1—4].
Oppenhiem [5] have defined the case of estimating the
medium response or the reflectivity function from the
ultrasound system response as the well-known homo-
morphic deconvolution, using the real cepstrum for
minimum phase signals or the complex cepstrum for
the most general case. Torfinn [6], compares seven
methods based on the cepstrum for blind deconvolu-
tion in the estimation of the reflectivity function
in biological media. Neelamani [7] proposed a regu-
larized deconvolution technique based on Wavelet
(ForWaRD) which has been used by Roberto [8] for
the deconvolution of ultrasonic signals. Ali [9] has
been used the adaptive lattice filter algorithm to esti-
mate the reflectivity function.

In this paper, a method for signal processing based
on frequency deconvolution technique has been used
to enhance the axial resolution in an ultrasonic system
by suitable processing of the received output. The
reflectivity function (image) reconstruction is based
on an algorithm evaluating the reflected and scattered
signals in the A—scans. The A—scans are modelled as
the tissue response of the imaged object convoluted
with the shape of the ultrasonic pulse, which is deter-
mined by the transfer function of the transducers and
the excitation. The stability of the algorithm and the
influence of the truncation effect on the deconvoluted
results were investigated with respect to the duration
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time of reconstruction of reflectivity function and the
signal to noise ratio.

2. SIGNAL PROCESSING

In practice it is well accepted that, one scan line of
the received pulse echo signal, y(¢¥) at time ¢, can be
represented as [10]

(1) = w()*x(1) + n(1), (1)
where x(f) is the medium response or the reflectivity
function [11], w(¢) is the ultrasound system response
[12], u(¢) is the zero_mean Gaussian noise, and * rep-
resents the convolution integral given by

+ 0

p(*q() = [a(0p(i-o)dr. ©)

Deconvolution attempts to remove the effect of the
input function w(f) from the output y(f) to achieve
some close approximation to the original medium
impulse response u(f). The Fourier transformation
(FT) of the convolution of two functions can be repre-
sented as multiplication of Fourier transforms of these
functions:

FI(y) = FT(w*x) = FI(w)FI1(x), (3)
FI(y) _ _YWw* (4)
FT(w) WW++¢
where Y and W denotes the Fourier transform of y and
w, W* is a complex conjunct of Wand ¢ represents the

regularization parameter which has a small positive
number as a damping factor. The reflectivity function

FI(x) =
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feconstruction can be obtained from the received Avribitrary units

pulse-echo signalusing the form ula: 10

YW * (@
x =FT1 . 0.8 =
WW* 6 (s) Z= 001
0.6
04

0.2

The sympbois FT -1l denotes the inverse F ourier

tran s form

3. S IM U LATIO N RESULTS O

-0.2
3.1. Simulations o fReflectivity Function 0.4

There are a different distribution s have been _06
describing the reflectivity function o fsofttissues [13- )
16] butthe G eneralized G aussian distribution [16] is '08
the m ost appropriate in this study. The G eneralized _10

G aussian distribution probab ity distribuiion func- 0 200 400 600 800 1000

tion can be w ritten as

P(v) = aexp [ - (y/b)‘],
a = %/[Zbr(lﬂ ) 1. (6)

b: a ~ o A w s a0
w here b\s(he scale param eter, @ is the standard devi-
a tio n is the shape parameter and [ is the G am m a
function. As £, explains the signalenergy, £ is directly
connected to signal sparsity and scattered concentra-
tion . Figure 1 shows the G eneralized G aussian distri-
b ution w ith differentvalues o f £, It is clear that Fig 1

represents an accurate description o fthe m ostgeneral
tissue structure. The value o f£ equalto 0.01 represents
isolated tissue reflectorw hile forvalue o fe equalto 0.1

representdiffusive regions o ftissue.

3.2 Simulation of Ultrasound System Response Number of sample

The results are derived from a representative range
o fsim ulated ultrasonic data, obtained using the m od
eling o fultrasonic piezoelectric transducers described

noreference (171 The simoulation was applicd using Fig. 1. The impulse reflector series of random sequences
typicaldata fortransducerconsirucied w ith alead zir- drawn from zero-mean unit variance generalized Gaussian
conate titanate (P ZT-5A) piezoelectric elementwith distribution, having unit variance and shape parameter

tungsten-epoxy [18] (z = 19 x 1D6kgm‘25-1)back q () . () : "
b lo ck The transm itter response is obtained for a
10 m m diam eter pulse-echo transducer of 5 M H z

function. It is necessary to testthe algorithm w ith d if-
center frequency [198]. The im pedance o fthe genera-

ferentvalues o 0. Figure 4 shows the variation o faver-
tor is assumed to be 50 ohm s resistance Figure 2

age spike duration tim e and the signal to noise ratio
shows the expected w aveform atthe transducerterm

(d B ) of reconstruction reflectivity function w ith d if-
nals w hen the device acts as a receiver; thatis, in pulse-

ferentvalues o fregularization param eter O. From this
echo m ode w ith no radiation coupling, targetor othe.r

figure, it can be seen that the suitable m agnitude of O
field effects. The pulse-echo response of the trans-

e uals to 10-8 . F igure 5 shows the deconvolution s im
ducer has been convoluted w ith the tissue reflector 4 9
cequence described in Fig. 1. A n uncorrelated G auss.- ulated results o f reconstruction o f reflectivity func-
fan noise can be sim ply added to the overall tim e tions under the previously optim um value of B. From
dom ain response. Figure 3 shows the overall tim e this figure, it canbe seen thatthe alternating sign o fthe
dom ain response at the receiving term inal at a reconstructed function is very close to the initia |lpulse.
signal_to_noise level of 30 dB The deconvolution The relative A m plitudes o fthe responses are equalto
algorithm was im plem ented using the F O R TR AN the relative initia lam plitudes, and theirlocations loo k
language to estim ate the reconstruction o freflectivity lik e reallocations. Itis clearifrom these figures thatthe
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ization parameter as a filter has been used to improve
the estimation of reflectivity functional. This parame-
ter has been selected to control the noise content in
the deconvolution result. The simulated of some shape
functions were used to study the stability and verifica-
tion of the proposed algorithm. The algorithm can be
used effectively in real time application particularly
two and three dimensional images.
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