
  

3. Experimental setup 
We used Q-switched pulsed Nd:YAG 

laser(1064 nm) for generation, CW Nd:YAG laser 
(532 nm) for detection. Detection laser was scanned 
X= -7 mm ~ 7 mm (7 mm step, 3 points) using 
linear stage, and generation laser was scanned X= 
-20 mm ~ 20 mm (0.1 mm step, 401 points) using 
galvanometer scanner at each detection point.   

We used SUS304 for the base metal (10 mm 
thickness). Molten pool was formed by TIG 
welding, and welding torch was fixed for 3 min 
with welding current 100 A. 

 

4. Experimental result  

Figure 3 shows SAFT images of before and 
after welding. Before welding, flat base metal 
surface was observed (Fig. 3(a)). As welding 
proceeds, after 3min welding, surface near the 
center area changed its shape since molten pool was 
formed here and sound velocity became lower than 
that in base metal by welding heat. Moreover, 
another echo appeared below the molten pool 
surface echo (Fig. 3(b)). This echo is solid-liquid 
interface of molten pool. However, solid-liquid 
interface was imaged at almost the same depth as 
base metal surface. This was caused by using 
constant sound velocity. Effect of temperature 
distribution in a specimen should be taken into 
account to obtain correct SAFT image.  

 
 

 
 

We applied sound velocity compensation to 
the 3 min welding result as shown in Fig. 4. 
Solid-liquid interface lowered compared to no 
compensation result (Fig. 3(b)), and image was 
close to real shape confirmed by cross-section 
photo (Fig. 5). 

 

 

5. Conclusion 
We developed molten pool imaging system, 

including 2D sound velocity distribution 
compensation SAFT. In the experimental results, 
capability of 2D sound velocity compensation was 
verified. Moreover, solid-liquid interface was 
clearly imaged. In the future, using this system, 
clarification of welding phenomenon and 
establishment of high quality welding process are 
expected. 
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Fig. 5  Cross-section photo of after 3 min welding. 

 
Fig. 4  SAFT image with sound velocity 
compensation (3 min welding). 

 
Fig. 3  SAFT images: (a) before welding (b) 
3min welding. 
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1. Introduction 

Ultrasonic microscope can observe biological 
matters quickly and non-destructively without chem-
ical staining. In addition quantitative evaluation may 
be available by means of elastic parameters(1)(2). 

In this study, biological cells, C2C12 myoblast 
were observed and assessed. This type of cells, after 
being induced with differentiation, will grow into 
contactable muscle fibers or myocells. The assess-
ment for the differentiation process from acoustic 
characteristics would be applied in the process of re-
generative medicine as one of the condition in cells 
monitoring method. This series of studies is con-
ducted to determine whether quantitative ultrasonic 
microscopy can monitor cell differentiation.  

In this paper, the result of acoustic observation 
will be described in terms of local characteristic 
acoustic impedance of the cytoskeleton in individual 
cell, in the process of differentiation. 
 
2. Observation system 

C2C12 myoblasts used in this study are clones of 
mouse. These cells remain undifferentiated at the in-
itial expression of heart and skeletal muscles. The 
cells were cultured in a culture vessel that is made of 
polystyrene films with 50 µm in thickness and 3.2 
cm2 in culture area. The pulsed ultrasound (central 
frequency: 300 MHz) was focused at the interface 
between a cell and the film substrate. The reflection 
is received and interpreted into characteristic acous-
tic impedance. A 2D acoustic impedance profile was 
obtained by mechanical scanning(1).  

The acoustic impedance of the target substance, 
Ztarget, is determined by comparing the reflections 
from the reference material (culture liquid) and the 
target as: 

𝑍𝑍target =
1 − 𝑆𝑆uarget

𝑆𝑆ref ∙ 𝑍𝑍sub − 𝑍𝑍ref
𝑍𝑍sub + 𝑍𝑍ref

1 + 𝑆𝑆uarget
𝑆𝑆ref ∙ 𝑍𝑍sub − 𝑍𝑍ref

𝑍𝑍sub + 𝑍𝑍ref

𝑍𝑍sub 

where Sref and Sturget are the acoustic impedances of 
the film substrate (2.46 MNs/m3) and cultured lipuid 
(1.52 MNs/m3), respectively.  
 
3. Results and Discussion 

C2C12 myoblast cells were subjected to differen-
tiation induction for 6 days. Fig. 1(a), (b) show the 
physiological observation of C2C12 myoblast cells 
before and after differentiation. Fig. 1(c), (d) show 
the 2D acoustic impedance profiles in the field of 
views corresponding to Fig. 1(a), (b), respectively.  

The shape of cells did not undergo much change 
before and after differentiation in the observation us-
ing optical microscope. However, the acoustic im-
pedance at some specific points apparently increased 
after differentiation. 

 

 
Fig. 1  Physiological observation images and 

acoustic impedance profiles of C2C12 myoblast 
cells. Undifferentiated cells ((a), (c)) and differ-
entiated cells after 6 days ((b), (d)) are shown.  

 
The intracellular structure seems to have changed 

without the changing of shape after the differentia-
tion. Corresponding to the change in cytoskeletal 
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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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