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A standard USG image is in fact a visualization of a distifnutof the reflexion coef-
ficients. There is an increasing interest in imaging of thfedint parameters, which might
characterize another physical properties of a tissue. Ttbauation coefficient is one of such
parameters and theoretically it can be estimated usingémazy shift of the RF signal. The fre-
quency shift results from dispersive character of the atiéon in tissue and is a function of
attenuation along the propagate path. In this work authseseeho’s mean frequency as an
imaging modality. The results of measurement of tissue fgmamsing 10 MHz linear array
are presented. The preliminary results are encouragimg e first attempt towards mapping
of the attenuation in tissue.
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1. Introduction

A standard USG image is in fact a reflexion coefficient map efulsualized re-
gion in tissue. Mapping of another parameters, such as baitksng, speed of sound,
or attenuation could be interesting from diagnostic poinview, because these are
strictly connected with internal tissue structure. Theratation coefficient is increas-
ing with frequency, so it could be estimated by measuringtf@ges in a spectrum of
RF signals. Unfortunately in vivo test shows large varigpibf attenuation coefficient
estimated by such method. This seems to be strong restriofigisualisation of at-
tenuation maps in tissue. On the other hand, an informatioecho’s mean frequency
differs from the one carried by the echo envelope. This isangtmotivation in looking
for the efficient method of unambiguous attenuation estmt be used in US imag-
ing. In this work, the specific conditions of the local frequg measurements applied
for imaging, will be discussed.
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2. Theory

The instantaneous frequency is defined as a

1 do
fmst — o1 dt ) (1)
whereg is a phase of a signal, ands a time. There are couple of method suitable for es-
timation of instantaneous frequency, e.g. mean frequdirsy fnoment of spectrum) or
zero-crossing (second moment of spectrum). In this worknwestigate the correlation
based frequency estimator, which is often used in Doppktriments [1]. The phase
of a signal is equal to
Q)
¢(t) = arctan [I(t) }, (2
wherel(t) is the real part of the echo signal, a@dt) is its imaginary part and which
is equal to the Hilbert transform di(¢). In reality the echo signals are processed in dig-
itized, sampled form, so differentials can be replaces bydifferences and the mean
frequency of the echo signal can be express as,
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whereT is a sampling period an®¥ is a window width [2]. Indices and(i—1) corre-
spond to the actual and previous value of the signal sampteded with the sampling
frequencyfs = 1/T.

3. Measurements

The measurements were done using the US Acuson Antaress¢&memens Med-
ical Solutions USA, Inc.) and the tissue phantom RMI405G&artimex rmi, Inc.).
The scanner was equipped with the 10 MHz linear array VF18ebAxius Direct Ul-
trasound Research Interface which is a dedicated moduldiegahe recording of raw
RF lines. Three different anechoic targets (2, 4, and 6 mnidmeter) were located
in the phantom at 3.5 cm depth. After recording the RF scass)ithey were processed
offline in order to estimate the local frequency of an echoaaligccording to Eq. (3).

The window width(V) included 64 samples corresponding to about 2.5 mm depth.
In Fig. 1 standard B-scan (a) and frequency mapping (b) a¥septed. The contrast
between cystic targets and the background is evidenthebattfrequency mapping
image. It is clearly visible in the Fig. 2, where normalizeteope (a) and local fre-
guency from singular RF line (b) are compared. The data spamd to the beam pass-
ing through the biggest cyst. On the other hand the echoecopjaced at 2.5 cm depth,
in the middle of the image, is less visible in frequency imegmparing to the standard
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Fig. 1. B-mode scan (a), and frequency mapping (b) of theg¢ighantom.

B-mode scan (Fig. 3). The frequency line have decreasingltrehich comes from
attenuation. The attenuation coefficient is an increasimylimear function of the fre-
guency for soft tissue [2] and for the phantom as well so thgiag value of frequency
line should correspond to the mean frequency of the tratedniiurst equal to 10 MHz.
In Figs. 2b and 3b frequency lines start from much lower level next increase sharply
over about 0.5 cm path, and then start to decrease slowly.€figct probably rise from
near field structure in direct neighbourhood of transdutiee. strong fluctuations of lo-
cal frequency are visible, which are in agreement with eargports [3-5].
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Fig. 2. Normalised envelope of RF line through the biggesticyobject at 3.5 cm depth (a), and appro-
priate frequency mapping (b).
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Fig. 3. Normalized envelope of RF line through the echoieobat 2.5 cm depth (a), and appropriate
frequency mapping (b).

It should be noticed the sudden drop of the mean frequenclyeatystic object
area, and subsequent return to the decreasing trend (Fih&)main reason of this
behaviour results from the anechoic character of the cysticking object. Within the
boundary of the cyst, there is no sufficient backscattergdasito be used efficiently
in the algorithm described by the Eqg. (3) and the apparertta@iens not measured —
the resulting value is zero. This is also the subject of betatrast between speckle
like background, where scattering objects are presentalicyst, where there are no
scatterers.

4. Conclusions

The acquired results show, that simple estimation of thallotean frequency of
RF-line could be useful as a medical image modality in speciinditions or for spe-
cific targets, such as anechoic cyst. In addition frequelats dive possibility to better
estimate total attenuation along the pulse path. The ddtangd using frequency es-
timator could supplement the standard reflexion coeffidikté, but can not replace i,
as was shown in Fig. 3. The direct evaluation of attenuata®ificient from frequency
data, is hard to succeed due to strong fluctuations of theaddrequency estimation,
so the more robust model should be developed.
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