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1. Introduction 

Synthetic aperture (SA) array signal processing 
utilizing a finite array transducer is an essential key 
technology enabling ultrasonic high frame rate 
imaging with a controllable high-resolution, as well 
as a breakthrough in recent transient elastography, 
which is providing advances in the medical 
diagnosis of living soft tissue in vivo 1). Using the 
technology to detect small tissue movement of 
subwavelength order the authors have executed 
forward measurement system design in the spatial 
frequency domain for lowering the calculation cost 
and expanding the prospect in the performance 
estimation of the entire measurement system 2-3).  

The proposed system introduces a pair of pulsed 
sound field irradiations from each point sound 
source which is virtually generated at a focal point 
of the array transducer for the local phase difference 
estimation between each SA reconstructed 
successive speckle echo data throughout the 
random tissue medium. Thus, the local motion 
vector can be calculated from the pair of the phase 
differences in accordance with successive 
irradiating and parallel receiving by the array 
transducer. However, the point spread function 
(PSF) of a finite-array SA reconstruction system is 
accompanied by spatial alteration at the phase level 
according to the azimuthal asymmetry of the 
acquired 2-dimensional echo signal by azimuthal 
target deviation from the range axis passing through 
the center of an aperture. This spatial alteration is 
quite sensitive and generates serious errors in the 
local phase difference estimation between speckle 
echo frames. An apodization in the spatial 
frequency domain is proposed to restrict the 
unnecessary spatial frequency component in the 
azimuth direction to carry out the reconstruction of  
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theindividual range stacking segments in a SA array 
signal processing algorithm3). Herein, the 
performances of the original and apodized 
reconstruction PSFs are analyzed to verify an 
alteration for the extension of the measurement 
region within practical estimation error4) and further 
optimization of the system design. 

2. PSF of finite-array SA reconstruction system 

The simulation analysis was accomplished by 
an array transducer, in which 256 elements with a 
central frequency of 3 MHz are arranged at an 
element pitch of 0.25 mm for a virtual sound source 
irradiation at the position of (8 mm, 16 mm) in x, y 
coordinate with the origin at the array transducer, 
and point targets at even intervals as shown in Fig. 
1.  

 
Fig.1 Simulation model of finite-array SA 

reconstruction system.   
 

The SA reconstructed echo images of these 
targets are depicted in Fig. 2 across the 
measurement area with its central position of (50 
mm, 0 mm).  
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Fig.2  Images of reconstructed sqecular echoes. 

For making a thorough understanding of the 
spatial performance of the finite-array SA 
reconstruction system, which causes serious errors 
in the local phase difference estimation, the two 
reconstructed RF PSFs normalized by each 
amplitude distribution are depicted in Figs. 3(a) and 
3(b), for a target position of A and B, respectively. 
Because of such performance accompanied by 
complicated distribution at the phase level, it should 
be directionally sinusoidal to detect a local phase 
difference between the reconstructed speckle echo 
frames, according to the directional irradiation from 
a virtual point source. 

 
Fig.3 2D phase distribution of RF-PSFs at a position 

of A and B. 
3. Apodization in the spatial frequency domain 
in range stacking SA processing 

To improve the directional phase coherency of 
finite-array SA reconstruction system, it is 
necessary to restrict the unnecessary spatial 
frequency component to comply with the azimuth 
asymmetry of the 2-dimensional echo signal, which 
is observed in the spatial frequency spectrum of the 
reconstructed RF PSF in kx, ky coordinate, as shown 
in Fig. 4. 

Thus, dynamic windowing of the spatial 
frequency spectrum in the azimuth direction has 
been successfully carried out in the individual range 
stacking segments with a small range interval in 
which successive SA reconstruction processing is 
performed. Herein, the Kaiser window in Fig. 5, 
which can eliminate unnecessary band without a 
serious influence on the resolution and can control 

adequate symmetric weighting of the effective band 
adjusting a single parameter ( ) is introduced. As a 
result, the apodization performances for the 
previous two RF PFSs of finite-array SA 
reconstruction system indicate both the similarly 
improved sinusoidal phase coherencies, according 
to the directional irradiation from a virtual point 
source to target A and B, as displayed in Fig. 6(a)  
and 6(b), respectively. 

 
Fig.4 Spatial frequency spectra of       Fig.5 Apodization window. 

 reconstructed RF-PSFs at position of A.  

 
Fig.6 Directional phase variations of apodized 

RF-PSFs at a position of A and B.    
4. Conclusions 

The useful performance of the proposed SA 
reconstruction algorithm complying with a finite 
array transducer was verified in detection of 
accurate dynamic information for medical diagnosis 
of living soft tissue in vivo with a high frame rate. 
The experimental data obtained using a tissue 
phantom and further optimization of the system 
design will be referred elsewhere. 
 
References 
1.  J. Bercoff, M. Tanter, M. Muller, and M. Fink:  

IEEE Trans. UFFC, 51(11), 1523-1536 (2004). 
2.  Y. Minochi, S. Yagi, T. Nishiyama: JJAP, 

43(B5), 3103–3106 (2004). 
3.  S. Yagi, R. Yokoyama, K. Tamura, and M. Sato: 

JJAP, 50, 07HF06-1-3 (2011) 
4.  M. Katsuyama, S. Yagi, D. Sugeno, K. 

Tamura,and M. Sato: Acoust. Sci. Tech. 36(3), 
2014(to be published).  

－ 510 －


