
change. The sound pressure in the tube was 
measured by installing six pressure sensors (PCB 
Piezotronics, 112A21) at x = 0, 200, 720, 1300, 
1800, and 2000 mm. The distribution of the sound 
pressure in the tube was calculated by the 
two-sensor method7) and the transfer matrix 
method5), respectively, using the measured sound 
pressure. Where, the temperature gradient in the 
tube is not taken into consideration. 

 The experimental procedure was as follows. 
The input power Ph of the electric heater at the 
high-temperature side of the stack was set at 100 W. 
After the sound pressure in the tube and the 
temperature distribution of the thermal buffer tube 
reached a steady state, the input power Ptb of the 
electric heater installed on the outer wall of the 
thermal buffer tube was changed to 40, 80, and 120 
W in a step-by-step manner. 
3. Experimental results  

The temperature changes at the outer wall 
and center of the thermal buffer tube is shown in 
Fig. 3. The horizontal axis shows the distance x 
from the closed end, and the input power Ptb to the 
outer wall of the thermal buffer tube is 0 and 120 W. 
Different temperature distributions were formed 
depending on the input power by heating the outer 
wall of the thermal buffer tube using the electric 
heater. In addition, the temperature greatly changed 
within the heating area of the thermal buffer tube. 
The temperature inside the tube (x = 550 mm) 
increased by 125 K when 120 W was input to the 
thermal buffer tube compared with the case where 
no heating was provided. At this time, the 
temperature at the high temperature side of the 
stack remained almost identical. 

The sound pressure distribution in the tube 
for various values of input power from the electric 
heater installed on the thermal buffer tube is shown 
in Fig. 4. A change in the temperature distribution 
of the thermal buffer tube results in a change in the 
sound pressure inside the entire tube. Comparing 
the sound pressure at the closed end (x = 0 mm), the 
sound pressure for Ptb of 0 and 120 W was 
approximately 640 Pa and 740 Pa, respectively; that 
is, a sound pressure increase of approximately 100 
Pa was observed by changing the temperature 
distribution of the thermal buffer tube. 
4. Conclusion 

In this study, we investigated the effect of the 
temperature change at the thermal buffer tube of a 
thermoacoustic prime mover system. A part of the 
thermal buffer tube was forcibly heated with an 
electric heater to change its the temperature 
distribution. Temperature distribution of the thermal 
buffer tube was changed by the forced heating. In 

addition, the sound pressure in the tube changed 
when the input power on the outer wall of the 
thermal buffer tube was increased, that is, when the 
temperature distribution was changed. 
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Fig. 3 Temperature changes at the outer wall and 

center of the thermal buffer tube. 

 
Fig. 4 Sound pressure distribution. 
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1. Introduction 

The spatial resolution is the main factor 
which determines quality of a B-mode image. The 
accuracy of morphological diagnosis by 
ultrasonography depends on the spatial resolution. 
The range resolution, which represents the spatial 
resolution along the ultrasound beam, is in general 
determined by the characteristic of the transducer. 
Many studies, which improve the range resolution 
without replacing the transducer elements, were 
conducted [1,2]. These methods work as an inverse 
filter to broaden the frequency bandwidth of the 
received ultrasound signal. 

To improve the range resolution, our group 
developed a method based on the maximum 
likelihood (ML) method to estimate the scattering 
strength distribution inside an imaging target [3]. 
However, this method doesn’t consider the 
ultrasound attenuation during propagation. In the 
present study, we estimated the transmit-receive 
response of a diagnostic ultrasound system from 
echoes of an imaging target to reduce the influence 
of the difference in propagation media. 

 
2. Materials and Methods 

In this section, we introduce a filter described 
in Ref. [3]. By assuming that the noise contained in 
the received signal is Gaussian, the likelihood 
function is expressed as follows: 

𝑝𝑝𝑛𝑛(𝐬𝐬𝑛𝑛|𝐳𝐳) = 1
det(𝜋𝜋𝜋𝜋𝜋 exp{−(𝐬𝐬𝑛𝑛 − 𝐇𝐇𝐳𝐳)H𝜋𝜋−1(𝐬𝐬𝑛𝑛

− 𝐇𝐇𝐳𝐳)}, 
where 𝐬𝐬𝑛𝑛, 𝜋𝜋, and 𝐳𝐳 are a signal received by a 
transducer element, the covariance matrix of the 
signal, and scattering strength distribution. The 
matrix 𝐇𝐇 is the transmit-receive response given 
by: 
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On the basis of the least square method, �̂�𝐳, which 
maximize the likelihood, is obtained as follows:  

�̂�𝐳 = 𝐇𝐇H𝜋𝜋−1𝐬𝐬𝑛𝑛
𝐇𝐇H𝜋𝜋−1𝐇𝐇 = 𝜋𝜋−1𝐇𝐇

𝐇𝐇H𝜋𝜋−1𝐇𝐇 ∙ 𝐬𝐬𝑛𝑛𝑛 
The transmit-receive response 𝐡𝐡 𝐇 (ℎ0,

ℎ1,⋯ , ℎ𝐾𝐾−1), which is an element of matrix 𝐇𝐇, is 
commonly obtained from the point spread function 
(PSF). The PSF obtained as a spread of an echo 
signal when a point scatterer is imaged, and the PSF 
is typically measured using an echo from a fine 
wire placed in water. When the PSF measured in 
such a situation is used as the transmit-receive 
response and applied to the filter, the performance 
of the filter may degrade. For instance, when a PSF 
obtained from a fine wire in water is used for 
imaging of a living tissue, the performance of the 
filter will degrade because of the difference in 
propagation media. To reduce such an influence of 
the propagation medium, we estimated 𝐡𝐡  from 
echo signals from an imaging target as follows: 

𝐒𝐒′ = 1
𝑁𝑁RF

∑ 𝐒𝐒𝑖𝑖

𝑁𝑁RF−1

𝑖𝑖𝑖0
, 

where 𝐒𝐒𝑖𝑖 is the amplitude spectrum of the signal 
received by the  𝑖𝑖-th transducer element and 𝑁𝑁RF 
is the number of signals. In the amplitude spectrum 
𝐒𝐒𝑖𝑖 received by each element, many dips occur due 
to interference among echoes, and such an 
amplitude spectrum cannot be not used as the 
transmit-receive response [2]. From the fact that 
scatters are distributed randomly in tissue, it is 
desirable to obtain the transmit-receive response 
from the averaged amplitude spectrum 𝐒𝐒′ . An 
estimate of the transmit-receive response 𝐡𝐡 was 
obtained by using inverse Fourier transformation on 
𝐒𝐒′. In the present study, this procedure to estimate 
𝐡𝐡 was done region by region to consider frequency 
dependent attenuation, and estimated �̂�𝐡 was used 
for imaging of the corresponding region. 

The transmit-receive sequence is described in 
Ref. [4]. To perform parallel beamforming, plane 
waves were emitted using 96 transducer elements, 
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then 24 receiving beams were created in response to 
one emission. 
 
3. Experimental Results 

To evaluate the performance of the proposed 
method, we compared a B-mode image of a 
phantom obtained by the proposed with other 
methods. Figures 1(a), 1(b), and 1(c) show B-mode 
images of a wire phantom without filtering, with the 
filter using the PSF obtained from a wire placed in 
water, and with the filter using the proposed method, 
respectively. In the phantom for this experiment, 
point targets were placed at different axial depths. 
In Fig. 1, dynamic ranges (DR) of B-mode images 
are controlled so that the seeing of B-mode images 
become similar. 

Fig. 1: B-mode images of wire phantom obtained 
with conventional DAS beamforming. (a) without 
filter (DR: 30 dB), (b) with filter using PSF 
obtained from fine wire placed in water (DR: 80 
dB), and (c) with filter using proposed method (DR: 
80dB). 

Fig. 2: RF signals at an axial depth of (a) 7 mm, (b) 
12 mm, and (c) 22 mm in B-mode images shown in 
Fig. 1. (1) Conventional image. (2) with filter using 
PSF obtained from wire placed in water and (3) 
with filter using the proposed method. 
 

Figure 2 shows radio frequency (RF) signals 
in scan lines where the point target exists in Fig. 1. 

Figs. 2(1a) - 2(1c), 2(2a) - 2(2c), and 2(3a) - 2(3c) 
were obtained from B-mode images shown in Figs. 
1(a), 1(b), and 1(c), respectively. 

In Figs. 2(3a) - 3(3c), the axial pulse widths, 
which influence the range resolution, become 
shorter by the proposed method than those obtained 
with other methods. About a point target at a depth 
of 12 mm, the full widths at half maximum were 
approximately 0.38 mm (1b), 0.28 mm (2b), and 
0.17 mm (3b). 

Figures 3(a), 3(b), and 3(c) show B-mode 
images of the carotid artery without filtering, with 
the filter using the PSF obtained from a wire placed 
in water, and with the filter using the proposed 
method, respectively. In Fig. 3, DRs of B-mode 
images are controlled. 

Fig. 3: B-mode images of carotid artery obtained. 
(a) without filter (DR: 50 dB), (b) with filter using 
PSF obtained from fine wire placed in water (DR: 
130 dB), and (c) with filter using proposed method 
(DR: 130 dB). 
 

As shown in Fig. 3(c), the echo from the 
lumen-intima interface of the posterior wall 
becomes sharp and the penetration in a deep region 
is improved as compared to Fig. 3(b). 

 
4. Conclusion 

In the present study, the transmit-receive 
response of a diagnostic ultrasound system was 
estimated using echo signals from an imaging target 
and used in the proposed filter. From the 
experimental results, the range spatial resolution 
was further improved by the proposed method. 
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