
reflection distribution, and these are expected to
parametrize tissue properties. However, scatterers
recovery must be treated as an ill-posed problem
because the bandwidth of the signal is limited by
characteristics of the transducer.
For the performance evaluation depending on the

order of the AR model and the AR parameters, in
this study, we set the order as 2 heuristically, so the
AR parameters are the main evaluation parameter.
Besides, since the observation noise is electric noise,
we can suppose that σn

2 is known in advance.

3. Simulations
We confirmed the effectiveness of the proposed

method through simulations using PZFlex, a
standard FEM code for ultrasound analysis. An
example of our simulated medium is given in Fig.
1(a). We assume that scatterers have random spatial
distribution and the attenuation is homogeneous.
In the simulations, a linear array transducer with

128 elements was formed, each element width and
each separation being 0.02 mm, respectively. In
consideration of the size of scatterer, three different
size scatterers were applied, and a 5 cycle pulse of 5
MHz shown in Fig. 1(b) was transmitted.

(a) (b)

4. Results and Discussion
As we can see that the different size scatterers are

shown in Fig. 2. It can be easily seen that the size of
scatterers increases in the order of (a), (b), and (c).
Figure 3 shows time series of a received echo
signal, Through the Fig.3, we can vaguely
distinguish the different sizes of the scatterers.
Figure 4 shows the result of recovered reflection

distribution determined by the AR parameters. The
eestimated AR parameters in model (a) are a1
=1.6326, a2= -0.7019 and σh

2=0.133, in model (b)

are a1= -0.1759, a2=0.7723 and σh
2=1.9871, while

in model (c) there are a1= -0.1513, a2=0.8316 and
σh
2=0.2913. As mentioned before, the noise

variance σn
2 of the all models are set in 0.0009,

when the peak amplitude of the transmission pulse
was normalized, the standard deviation of noise was
3% of the standard deviation of y. It can be easily
predicted from the recovered reflection distribution
that the size of scatterers is different.

(a)

(b)

(c)

As can be seen from Fig. 5, the red line, the
black dashed line and the blue dash dot line are the
auto correlation functions (ACFs) of the echo
signals in model (a), model (b) and model (c),
respectively. Figure 6 shows the ACFs of the
recovered reflection distributions in the same way.
Even if the size of the scatterer increases, the ACFs
of the echo signals does not seem to change much.
However, the ACFs of the recovered reflection
distributions change obviously. That is to say, we
can evaluate the size of the scatterers by estimating
the ACFs of the recovered reflection distributions.

5. Conclusion and Future Work
In this study, we present an estimation method of

the scatterers distribution based on the Bayesian
inference and the AR modeling from the echo. We
analyze the relationship between the recovered
reflection distributions and the AR parameters. The
proposed method is confirmed to be effective for
the observation of different scatterers compared to
the echo signal and the recovered reflection
distribution has better distinction. Furthermore, the
ACFs of the recovered reflection distributions are
expected to be applied to the quantitative analysis
of scatterers.
Currently, the order of the AR model is set to 2,

confirming other orders of the AR model will be a
future task. Additionally, we are developing a new
imaging system that separately display the
boundary of the organ and the inside the organ.
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Fig.2 Different
patterns of scatterers

Fig. 1 Simulation conditions: (a) example of
simulation model; (b) transmitted signal;

Fig.3 Time series
of echo signals

Fig.5 ACFs of
echo signals

Fig. 4 Recovered
reflection distributions

Fig.6 ACFs of recovered
reflection distributions
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1. Introduction 

Photoacoustic (PA) imaging is a novel 
imaging technique which provides optical absorption 
and acoustic penetration, and it has experienced with 
many applications in biomedicine field(1-4. Although 
various shapes of transducers have been developed 
to obatin ultrasonic wave efficiently in optical-
resolution photoacsoustic microscope (OR-PAM), 
there remains room for improvement. When using a 
single element transducer in OR-PAM, the beam axis 
should be the same as the optical beam axis and the 
receiving surface should fit with the wave front the 
emitted point-shape wave. Recently, we have 
developed piezoelectric transducers emplying sol-
gel composite spraying technique in several fields(5,6. 
In this paper, we present an improved transducer for 
PA imaging by employing automatic spraying 
machine. 
 
2. Method 

2.1 Fabrication of transducer 
In this study, the PZT/PZT layer was 

fabricated by sol-gel composite spray method. The 
mixture of PZT powder and PZT sol-gel solution was 
sprayed on a stainless-steel rod by an automatic 
spraying machine. The rod is 13 mm diameter and 5 
mm height stainless steel rod with a hole of 3 mm 
diameter and curved surface which curvature rate is 
5mm diameter and 2 mm depth. After each spraying 
the PZT/PZT composite, drying at 150°C and firing 
at 650 °C for 5 min each were performed. These 
spraying, drying and firing processes were repeated 
to the desired thickness. After PZT/PZT fabrication 
process, corona poling was performed at room 
temperature. Subsequently, colloidal silver was 
sprayed on the curvature area by an air brush and 
wires were bonded. Consequently, the transducer 
was coated with parylene for waterproof. Fabricated 
transducer is shown in Fig. 1. The piezoelectric d 
constant, d33 is approximately 70 pC/N.                                             
 e-mail: mtanabe@cs.kumamoto-u.ac.jp 

2.2 Experimental conditions 
A pulse-echo experiment was conducted to 

evaluate the fundamental performance of the 
fabricated transducer. The PA experiment was also 
conducted, as shown in Fig. 2. Pulsed laser with a 
wavelength of 532 nm and an energy of 0.6 J, was 
used to generate the PA signal. Human hairs 
embedded in a phantom with a sound velocity 
approximately 1500 m/s were used as the target. The 
receiver preamp gain was set to 60 dB. 

 
(a)                    (b) 

 
(c) 

Fig. 1  Fabricated transducer. (a)(b) Designs of transducer.  
(c) Photos after connecting wires. 

 
Fig. 2  Experimental setup. 
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3. Results 
The obtained echo signal from stainless block 

in pulse-echo experiment is shown in Fig. 4. Two-
dimensional maximum amplitude projection (MAP) 
images of hairs using at various depths were also 
obtained, as shown in Fig. 5. An example of PA signal 
is shown in Fig. 6.  

 
Fig. 4  Echo signal from stainless block in pulse-echo 

experiment in time (solid line) and frequency (dash line) 
domains. 

 
Fig. 5  MAP images of hairs at depth of (a)0.5, (b)1.0, 
(c)1.5, (d)2.0, (e)2.5, (f)3.0, (g)3.5 and (h)4.0 mm. 

 
Fig. 6  PA signals from hair. 

 
4. Conclusion 

In this study, a concave transducer employing 
sol-gel composite spray technique was fabricated 
using the automatic spraying machine, and a 
fundamental pulse-echo and PA experiments were 
conducted. 
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