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1. Introduction 

To enable tissue diagnosis by endoscopic 
ultrasonography, we have been developing puncture 
needle-type ultrasonography.1–5) We previously 
demonstrated an imaging method for determining the 
phase difference of the acoustic complex impedance.6) 
This imaging method enables observation of a cell 
without staining as in phase-contrast microscopy. For 
this imaging method to be used for pathological 
diagnosis, much more information must be displayed in 
the image to enable cancer tissue to be distinguished 
from normal tissue. As is well known, the frequency 
dependence of the scattering depends on the shape of the 
scattering body and distribution. In addition, the 
frequency dependence of the attenuation due to viscosity 
and elasticity depends on the type of elastic body and the 
amount of oil contained therein. Our experimental results 
indicated that signals reflected from the sample surface 
contain information about the sample in the depth 
direction. The ability to display the difference in the 
frequency dependence for an image may provide useful 
information for pathological diagnosis. We have now 
demonstrated that multispectral phase-contrast imaging 
of the acoustic impedance can be used to obtain the 
difference in frequency dependence of a sample. 

 
2. Principle 

2.1 Phase-contrast imaging of acoustic complex 
impedance6) 

The phase-contrast imaging procedure is illustrated 
in Fig. 1. The acoustic complex impedances are 
represented as 
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When a burst signal is transmitted from the PZT, it is 
reflected at the ends of the rod sensors and the surfaces 
of the samples. These reflected signals interfere with 
each other, and the amplitude of the interference signals 
indicates the magnitude and phase difference of the 
acoustic complex impedance of the sample. If the 

difference in the magnitude is small ( 21 LL ZZ  ), the 
contrast of the image indicates mainly the phase 
difference ( 21 LL   ) of the acoustic complex 
impedance.  

 
Fig. 1. Phase-contrast imaging procedure. 

 
2.2 Multispectral phase-contrast imaging of acoustic 
impedance 

Figure 2 illustrates the concept of multispectral 
phase-contrast imaging. The frequency-dependent 
scattering and attenuation are displayed on one image by 
measuring three images at different frequencies and  

 

 
Fig. 2. Concept of multispectral phase-contrast imaging. 
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observation. Hence, we believe that this calculation 
method has the potential to be used as a tool in 
understanding B-mode image. 

 

 

 

 

 

 

 

3. Interpretation of B-mode image into acoustic 
impedance image (B to Z)  
  The theoretical background is similar to the 
method stated in 2, however, the direction of 
calculation algorithm is opposite, as shown in Fig. 
4. B-mode image is composed of RF waveform 

)(tstgt  from the target. At first, the RF waveform is 
subjected to Fourier transform in order to be 
represented as below. 
 

NNS
ZZ
ZZ

S
NxN

NxN
tgt ,...,2,1,0)()( 0 




      (4)     
                                                                                                  

)(0 S  is input waveform. Next, perform 
deconvolution to )(tgtS   with )(0 S   and impulse 
response from 0Z  to xNZ  will be attained. 
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Subsequently, inverse Fourier tranform is 
performed to equation above to extract the equation 
below. 
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Here, only the first term of the above equation that 
is 
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does not contain multiple reflection from other 
components of the tansmission line model. Hence 
we use this first term to calculate the acoustic 
impedance of the first component of transmission 
line. 
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Repeating the steps, all the acoustic impedance 
components along the transmission line can be 
calculated and reflected into B-mode image.  
  As an experiment, human cheek skin was 
observed as a B-mode image (Fig. 5a). It was 
subsequently interpreted into acoustic impedance 
image as shown in Fig. 5b. As can be seen,    

calculated acoustic impedance image shows the 
structure of skin which includes stratum corneum, 
epidermis and dermis. However, the calculated 
acoustic impedance of the skin is yet to be further 
discussed because scatter and attenuation through 
the acoustic beam propagation were out of 
consideration. In addition, although the beam was 
highly focused, the incidence was assumed to be 
completely vertical to the tissue surface.  
Nevertheless, we believe that this method has a 
strong potential to be a strong tool in understanding 
B-mode image in the future. It is also believed to 
be useful in the assesment of comestic effects to 
skin. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4. Conclusion 
  Mutual conversion between cross-sectional 
acoustic impedance image and B-mode image of 
corresponding tissue structure was discussed. 
Theories similar to time domain reflectometory 
were employed by assuming no significant scatter 
and attenuation are taking place through the 
propagation. In addition, although the ultrasonic 
beam in the experiment was focused, the incidence 
was assumed to be vertical to the surface of the 
tissue. In spite of these unclear factors, an 
experimental result by using cerebellar tissue 
showed a good agreement between cross-sectional 
acoustic impedance profile and interpreted B-mode 
image. Interpretation from a B-mode echograph of 
human skin showed a clear acoustic impedance 
distribution, although cross-sectional profile by 
acoustic microscope was not available. Some 
improvements may be required in order to retain 
precision in terms of estimated acoustic impedance. 

Fig. 3  Calculation result of acoustic impedance image and 
its comparison with practically acquired B-mode image. 

Fig. 4  Inverse TDR calculation algorithm. 

Fig. 5   Calculation result of cheek skin B-mode image. 
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superimposing them with intensity modulation 
for three colors (red, green, and blue) on one 
image. 
3. Experiment 

     Figure 3 shows a schematic diagram of the 
experimental setup. In this experiment, a fused quartz 
rod with a diameter of 0.83 mm and length of 62 mm 
was connected to a transducer with a center frequency of 
44.9 MHz. The tip of the rod had a concave spherical 
surface with a focal length approximately 0.5 mm from 
the end of the rod. Three electrical burst waves having an 
amplitude of 10 Vpp, frequencies of 40.0 MHz, 44.9 
MHz, and 50.0 MHz, and a pulse width of 20 cycles 
were applied. The sample (PE plate with embedded 
3.5-mm-diameter acrylic rod) was used as the object to 
be imaged. 

 
Fig. 3. Schematic diagram of experiment. 

 

4. Results and discussion 

Figure 4 shows a photograph of the sample. 
Figures 5 (a)–(c) show the phase-contrast images 
measured at the three burst wave frequencies. Fig. 5(d) 
shows the superimposed image. The sample was tilted 
slightly, so a stripe pattern was obtained.  

 

  

Fig. 4. Photograph of sample. 
 

In Fig. 5 (d), the polyethylene region of the image 
is displayed darker than the acrylic region. The red was 

displayed darker in the grayscale superimposed image. 
This indicates that the polyethylene region of the sample 
reflected the lower frequency component of the acoustic 
wave, which means that the sample had frequency 
dependence. 

 

   

(a) Red image (40.0 MHz) (b) Green image (44.9 MHz) 

   

(c) Blue image (50.0 MHz)  (d) Superimposed image 

Fig. 5. Phase-contrast images of sample. 

 

5. Conclusion 

We have demonstrated that multispectral 
phase-contrast imaging of acoustic impedance can be 
used to obtain the difference in frequency dependence of 
a sample. 
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