
protein, the high acoustic impedance around the nu-
cleus would increase. Hence, we propose a method 
to assess the spatial spreading of cytoskeletal region 
by means of acoustic impedance profiles.  

Fig. 2(a) shows an example of viewport extracted 
from the acoustic impedance profile. The size of the 
viewport was arbitrary determined. Assuming that 
the center is the nucleus, a radial straight line with 
the radius R was drawn starting from the center. The 
highest point in acoustic impedance along this line 
was interpreted into the distance to the cytoskeleton 
from the nucleus. This number was averaged with 
different angles (θ) indicated in Fig. 2(a). The ex-
tracted parameter would indicate the scale of the cy-
toskeleton. 

Subsequently, the half width was determined for 
each acoustic impedance distribution along the 
straight line (Fig. 2 (b)). This half width would be 
taken as a parameter indicating the spread of the cy-
toskeleton. The straight line was rotated for 360 deg , 
and the maximum acoustic impedance and half width 
were determined for every 1 deg. The parameters 
were averaged after taking these numbers for each 
radial line  
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Fig. 2  Evaluation for high-acoustic-impedance 
ring : (a) An example of extracted viewport. (b) 
Acoustic impedance distribution along an angu-
lar straight line in (a). 

 
Fig. 3 shows the result of the half width versus the 

maximum acoustic impedance for 57 cells (27 cells 
for day 0, 30 cells for day 6). By Student t-test, the 
maximum acoustic impedance and half width around 
nucleus cell had a significant difference before and 
after differentiation. 

This difference suggests that the volume of cyto-
skeleton inside the cells would increase after the dif-

ferentiation, due to notable expression of cytoskele-
tal protein. It is considered that these cells that have 
such characteristic would be differentiated into my-
ocells. 
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Fig. 3  Relation between half width of the high-

acoustic-impedance ring and the maximum 
acoustic impedance in the corresponding ring. 57 
cells (27 cells for day 0, 30 cells for day 6) were 
subjected to the analysis. 

 
4. Conclusion 

Differentiation process of C2C12 cells was as-
sessed by means of acoustic microscope. Ultrasonic 
beam was transmitted across a plastic film substrate 
on which cells were cultured, and the reflection was 
interpreted into acoustic impedance. This quantita-
tive observation is noninvasive to cells, as well as 
making it possible to continuously monitor the 
change in acoustic properties through the differenti-
ation process. 

By observation using optical microscope, it was 
found that there was no significant change in cell 
shapes before and after the differentiation. However, 
a notable difference was seen in acoustic impedance. 

we propose a method to assess the spatial spread-
ing of cytoskeletal region by means of acoustic im-
pedance profiles, and evaluated 57 cells before and 
after differentiation. It was suggested that the volume 
of cytoskeleton inside the cells would increase after 
the differentiation, due to notable expression of cy-
toskeletal protein.  
  Further consideration will be needed to yield any 
findings about the cultural condition of cells and the 
influence of days elapsed. 
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1. Introduction 

Various signals such as sound waves, radio 
waves, lights, lasers, etc. are used for sensing 
technology, and sensing systems have been 
developed takeing advantage of each characteristics. 
 In this study, we pay attention to diffraction 
phenomena. The sound wave in the audible range has 
a relatively long wavelength, and the diffraction 
effect appears remarkably. We attempted to realize 
an acoustic sensing system which can detect objects 
in occlusion area like Fig. 1. 
2. Proposed method 

The effect of diffraction is more 
pronounced at lower frequencies, and generally the 
directivity of the emitted sound waves becomes 
wider at lower frequencies. Therefore, these cause 
various adverse influence on sensing. The first 
problem is that the energy of the sound wave diffuses 
and the Signal-to-Noise Ratios (SNR) become lower, 
and the detectable distance becomes shorter. The 
second problem is that unnecessary reflected waves 
from obstacles generate noises and virtual images. 
We attempt to solve these problems by using a 
parametric-speaker which can emit the sound wave 
with sharp directivity even at low frequencies. 

Generally, the use of low-frequency signals 
performs low-resolution. In addition, it is expected 
that the SNR of the diffraction wave arriving from 
the occlusion area is very low. In this study, we 
introduce the SCM-MUSIC method, a super-
resolution signal processing, in order to improve the 
SNR and resolution. 

Fig. 2 shows the features of this study. We 
propose occlusion area sensing by combining 
parametric-speaker and SCM-MUSIC method, and 
experimentally evaluate the feasibility . 
3. SCM-MUSIC method 

Super resolution FM-Chirp correlation 
Method - MUltiple SIgnal Classification (SCM-
MUSIC) method is combined super-resolution 
processing MUSIC method with pulse compression 
technology using FM chirp signal[1].  

As a technique to improve the SNR, Pulse 
Compression Technique (PCT) is often used. With 
the FM-chirp signal transmitted by applying the PCT, 

the echo received from a target yields an equivalent 
effect of transmitting a signal with a high sound 
pressure. 

Althogh the MUSIC method is known as 
the direction-of-arrival (DOA) estimation method 
using an array antenna, SCM applies to the delay 
time estimation. In this method, firstly, while 
changing the center frequency of the chirp signal by 
Δf, that of the transmitting signal is changed K times. 
Each echo signal is received and applied to PCT, and 
stored in the matrix  
     (1) 
Next, the covariance matrix R is calculated as 
     (2) 
By solving the general eigenvalue problem defined 
by the covariance matrix R, we can obtain the 
resultant signals  with a resolution higher than 
that of the original compressed echo signals. 
     (3) 
 
     (4) 
 
 
where M indicates the sampling points. D indicates 
the number of reflection waves.   indicates the 

   
           (a)                  (b) 

Fig. 1  Image of occlusion area sensing.  
(a)Straight travelling wave cannot detect target2 
(b)Sound wave can detect target2 by diffraction 

Fig. 2  Features of acoustic sensing in the air. 
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eigenvector. ���� indicates the steering vector. 
4. Experiment 

Experiments were conducted in the 
gymnasium of our university. Fig. 3 shows the 
experimental environment. The speaker was placed 
on a speaker stand with a height of 65 cm, and the 
microphone was set up beneath the speaker. As 
shown in Fig. 4, we prepared wooden boards and 
human beings as the measurement target. Table 1 
shows the experimental parameters. 
 Table 2 shows the experimental results. 
Fig. 5 show some comparison resutlts of the received 
(green line), PCT-processed (red dotted line), and 
super-resolution processed (black line with circle) 
signals. The left axis shows the sound pressure of the 
received signal. The right axis shows the relative 
amplitudes of the PCT- and superresolution-
processed signals, which are normalized by 
maximum values. 

In Fig. 5(a), both wooden boards set at 
��= 30 m and ��= 32 m can be detected. However, 
when �� = 31 m, target 2 in the occlusion area can 
not be detected. It seems that both targets are too 
close, diffraction did not affect sufficiently, and the 
SNR of the reflected waves were reduced. 

In Fig. 5(b), both human beings placed at 
�� = 5 m and �� = 7 m can be detected. However, 
there are many peaks; it may result in virtual images. 
It seems that the sound waves irregularly reflect 
toward various directions due to unevenness of 
human clothes.  
5. Conclusion 

In this research, in order to realize the 
occlusion area sensing, we proposed a sensing 
system combining a parametric speaker and SCM-
MUSIC method. As a result of the verification 
experiment, we confirmed its feasibility.  

As a future task, we would like to promote 
application development that takes advantage of the 
characteristics of occlusion area sensing and advance 
this study toward further higher performance. 

 
References 
1. T. Wada, K. Okubo, N. Tagawa, Y. Hirose, IEICE, 

US, 114(464), p.19-22, (2015) 

Table 1  Experimental parameters 

 
Fig. 3  Experiment environment 

 

    
(a) Human beings       (b)Wooden boards 
Fig. 4  Experimental Target 

Table 2  Experimental result 

 

 
 

(a) Wooden boards, ��= 30m, d�= 32m 
 

(b) Human beings, ��= 5m, d�= 7m 
Fig. 5  Comparison of received, PCT-
processed, and SCM-MUSIC-processed signals 

Proceedings of Symposium on Ultrasonic Electronics, Vol. 38 (2017)
25-28 October, 2017


