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1. Introduction 

  In order to study the acoustic properties of a 
B-mode image, we have proposed two ways of 
analysis methods to do so. First method is the 
conversion of acoustic impedance image into B-
mode image (Z to B). Acoustic impedance image 
contains acoustic characteristics of the measured 
target. Hence, by using our proposed calculation 
processes, an acoustic impedance image can be 
converted into calculated B-mode image. Second 
method is the direct conversion of B-mode image 
into acoustic impedance image (B to Z). In this case, 
B to Z analysis uses the inverse version of our 
proposed calculation theory which is used in Z to 
B analysis. By using B to Z analysis, measured 
acoustic impedance image is unnecessary because 
acoustic characteristics could be calculated directly 
from a measured B-mode image. 

 

2. Interpretation of acoustic impedance image 
into B-mode image (Z to B) 
  Fig. 1 represents a methodology to interpret 
an acoustic impedance image into a B-mode image 
with the use of Time Domain Reflectometry (TDR) 
algorithm. It is assumed that the ultrasonic wave is 
put in from the left of the acoustic impedance 
image, and the pixels of the image will be 
considered as the components of transmission line. 
By using the TDR theory represented by equations 
(1) to equation (3), series of acoustic impedance 
along one line of the image would be converted into 
one line of a B-mode image. 
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1xNZ , N are impedance and reflection coefficient 
respectively. N   is propagation constant, which is 
made up of attenuation constant N   and phase 
constant N  .Although scatter, refraction and 
attenuation through the propagation of ultrasound 
are all ignored, it would not significantly affect the 

understanding of B-mode image, because in many 
practical cases  amplitude compensation along the 
depth is performed in order to retain uniform image 
intensity along the depth. Using the TDR algorithm, 
impulse responses of transmission line model 
induced by the propagation of ultrasonic wave are 
calculated and Fourier transformed (Fig. 2). By 
doing this way, transmission line model is 
simplified and internal multiple reflection can also 
be taken into account in frequency domain. Finally, 
inverse Fourier transform is performed to 
reproduce an impulse response in time domain, 
which basically corresponds to one line of the B-
mode image. 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

  As an experiment rat cerebellar tissue was 
used as specimen and its acoustic impedance image 
was attained by measuring it with acoustic 
impedance microscope (Fig. 3a). Subsequently, the 
acoustic impedance image was interpreted into 
calculated B-mode image (Fig. 3b). From Fig. 3, it 
can be seen that calculated B-mode image (Fig. 3b) 
shows some similarities, in comparison with Fig. 
3c, which represents practically acquired B-mode 
image of the corresponding tissue before being 
subjected to cross-sectional acoustic impedance 

Fig. 1  Transmission line model. 

Fig. 2  TDR calculation algorithm. 

3. Sound Field Analysis of the CA-HIFU Array 
Transducer 

The CA-HIFU array transducer in this work 
has a geometric focal point at 40 mm from the 
zenith of the hemisphere. We want to move the 
focal point dynamically to the distance as close as 
30 mm from the zenith by applying proper phase 
difference to the concentric annular channels. 
During the process, the level of sidelobes or the 
grating lobe should not go over a certain limit.  

It is well known that the generation of grating 
lobes can be suppressed if the interval between the 
channels in an ultrasound array is shorter than a 
wavelength. Based on this idea, the sound pressure 
from the transducer was calculated with Eq. (1) in 
relation to the number of channels. Fig. 2 shows 
that the grating lobe exists only when the number of 
channels is less than sixteen and the level of the 
grating lobe decreases as the number of channels 
increases. It means that we can suppress the grating 
lobe by increasing the number of channels. 
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Fig. 2  Variation of the level and location of the grating 
lobe in relation to the No. of channels. 

 
4. Structural Optimization of the Transducer 

Based on the results in Fig. 2, we optimized 
the kerf widths of the transducer to meet the 
following requirements when focusing at 40 mm.  

 
Objective function: Minimize the sidelobe level  
Constraints:  
1. 0.95M ≤ Location of the mainlobe ≤ 1.05M 

, where M is the desired dynamic focal point  
2. Max. sidelobe level ≤ -12.0 dB  

 
The optimization was carried out for two 

design cases: (1) the equal area structure by setting 
the area of all the channels identical and (2) the 
equal angle structure by setting the width of all the 
channels identical. 

As a result of the optimization, the smallest 
number of channels that satisfied all the constraints 
turned out to be twelve for the equal area structure 
and eleven for the equal angle structure. The 
transducers having the structure optimized for 
focusing at 40 mm were tried to focus the 

ultrasound beam at 30 mm as well. The maximum 
sidelobe levels when focusing at 40 mm and 30 mm 
were -13.3 dB and -14.1 dB for the equal area 
structure while -12.3 dB and -13.2 dB for the equal 
angle structure, respectively, as shown in Fig. 3.  

Of the two structures, the equal angle 
structure is concluded to be the better model of the 
CA-HIFU transducer because its smaller number of 
channels can provide higher ease in real fabrication 
of the transducer. Table I shows detailed kerf 
widths for the equal angle structure of the 
transducer.  
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Fig. 3  Normalized sound pressure distribution of 
the optimized model when focusing at 40 and 30 mm. 

 
Table I The optimized dimension of kerf widths. 

Kerf No. Kerf width 
(μm)  Kerf No. Kerf width 

(μm) 
1st 46 6th 65 
2nd 186 7th 59 
3rd 144 8th 41 
4th 106 9th 200 
5th 80 10th 71 

 
5. Conclusion 

The structure of the CA-HIFU array 
transducer was optimized to enable geometric and 
dynamic focusing while satisfying the sidelobe 
level constraints. 
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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. 
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)(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. 


