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Estimation of scatterer size and density in sound field

produced by linear array phased transducers
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1. Introduction

There are several reports on the estimation of
scatterer size and density based on the analysis RF
signal, e.g. The progress degree judgments of the
cancer metastasis to lymph node using a high
frequency around 15 MHz [1] and the fat of the liver
of the rabbit [2]. In these reports, single-element
transducer was served as the ultrasound probe. The
ultrasonic diagnosis equipment was not used often
because of the complicated calculation of the sound
fields. In this study, we tried estimating the scatterer
size and density of glass beads phantoms by using the
ultrasonic diagnosis equipment and the linear array
phased transducers.

2. Theory

The scatterer size and density can be made by
comparing the backscattered power spectrum of the
RF signal gated from each region of interest (ROI)
with a theoretical backscattered power spectrum. [3]

By considering the three-dimensional expanse
and frequency dependence of the backscattered signal
affected by size and shape of scatterers, a theoretical
backscattered power spectrum is given by
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where L is the length of the ROIL, ¢ is the ratio of
aperture radius to distance from the ROI, a4 is the
scatterer size, n, is the scatterer density and f is
frequency.

The backscattered power spectrum from the
ROl is given by
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where R is the reflection coefficient of the known
planar reflector, W,(f) is the Fourier transform of the
RF signal from the ROI and W,.f) is the calibration
power spectrum. A(f,L), which is a attenuation
compensation function, is calculated by considering
the effect of acoustic attenuations in distance from the
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transducer to the ROI and in the ROI, and the effect of
a window function. In this study, Hanning window is
used. A(f,L) is given by [4]
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where ay(f) and x, are the attenuation coefficient and
propagation distance, and o(f) is the attenuation
coefficient in the ROI.

The scatterer size and density can be made by
the /* function calculated by comparing the logarithm
of the compensated backscattered power spectrum (Eq.
2) with the logarithm of the theoretical power
spectrum (Eq. 1). The /* function is given by
10log1o Wgo (f) — 10logy, f*
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where the slope, m, is a function of the scatterer size,
and the intercept, b, is a function of both the scatterer
size and density. To obtain the parameter estimates,
the least square method is used to find the best fit
slope and intercept to the linearized, backscattered
power spectrum.

3. Data acquisition

The ultrasonic diagnosis equipment (AplioXG;
TOSHIBA MEDICAL SYSTEMS Co.) and the leaner
phased array transducers (PLT-704AT; TOSHIBA
MEDICAL SYSTEMS Co.) were used. The center
frequency of the transducers is 5 MHz. The depth was
set 40 mm, and the focus depth was set 30 mm.

For comparing with the result estimated from
the RF signal acquired by the ultrasonic diagnosis
equipment, the single-element transducer (PT5-25-75;
Toray Engineering Co.) was employed in the
acquisition of the RF signals. It had an aperture
diameter of 25 mm and a focal length of 75 mm. The
center frequency of the transducer was around 5 MHz.
The transducer was operated in pulse-echo mode
through a pulser/receiver (5800; Panametrics). The
signals were recorded and digitized on an oscilloscope
(6030-I; LeCroy). The sampling rate was 250 MHz.
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The transducer was scanned laterally by a motor stage
(UTM100CC1HL; New-port) with a step size of 300
um between each A line scan.

4. Materials

Two glass beads phantoms with different weight
concentration of 1 % and 2 % were made from agar,
glass beads (EMB-10; Potters-Ballotini Co.) and water.
The radius of the glass beads was 2~10 um. Table I
shows the speed of sound and the attenuation
coefficient of these phantoms. These parameters were
measured by time of flight and insertion loss method

[3].

Table I Speed of sound and attenuation coefficient of
glass beads phantom

Weight Speed of sound Atte?; ation
concentration [%] [m/s] coctficient
[dB/cm/MHZz]
1 1538+4.9 0.2+0.02
2 15514+5.7 0.3£0.03
5. Result

In both cases of the linear phased array
transducers and the single-element transducer, the ROI
with a square of 3x3 mm was positioned and scanned
on the focus point of ultrasonic beam for lateral
direction. The scan interval was a 33 % of ultrasonic
beam width. The acoustic impedance of acryl used as
the planar reflector, and the acoustic impedance and
the speed of sound of water in Refs. [6] and [7] were
referred.

Figure.1 and 2 show the estimated scatterer size
and density, respectively. The logarithmic value of
scatterer density was normalized by the maximum
value in all cases. Welch’s T test was conducted
focusing on the difference of ultrasonic probe. As a
result, in case of the phantom with weight
concentration of 1 %, the scatterer size and density
estimated by using the linear array transducers were
significantly different from the values estimated by
using the single-element transducer. In case of other
phantom with weight concentration of 2 %, there was
a significant difference between the value of scatterer
density.

6. Conclusion

The scatterer size and density of glass beads
phantoms with different beads concentration were
estimated from the RF signals acquired by using the
linear phased array transducers and the single-element
transducer. As a result, there were significant
differences between the results of the linear phased

array transducers and the single-element transducer.

In the future work, we plan to discuss the effect of
beam shape of the linear phased array transducers on
the estimated values for scatterer size and density.
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Fig. 1 Scatterer size estimated in RF signals acquired
by linear phased array transducers and single-element
transducer.
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Fig. 2 Scatterer density estimated in RF signals
acquired by linear phased array transducers and
single-element transducer.
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