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Ultrasound Synthetic Aperture Beamformer Architecture
Based on the Simultaneous Multi-scanning Approach
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Abstract

Although synthetic aperture focusing techniques can improve the spatial resolution of ultrasound imaging, they have not been employed in
a commercial product because they require a real-time N-channel beamformer with a tremendously increased hardware complexity for
simultaneous beamforming along M multiple lines. In this paper, a hardware-efficient beamformer architecture for synthetic aperture
focusing is presented. In contrast to the straightforward design using NM delay calculators, the proposed method utilizes only M delay
calculators by sharing the same values among the focusing delays which should be calculated at the same time between the N channels for
all imaging points along the M scan lines. In general, synthetic aperture beamforming requires M 2-port memories. In the proposed
beamformer, the input data for each channel is first upsampled with a 4-fold interpolator and each polyphase component of the interpolator
output is stored into a 2-port memory separately, requiring 4M 2-port memories for each channel. By properly limiting the area formed with
the synthetic aperture focusing, the input memory buffer can be implemented with onty 4 2-port memories and one short multi-port memory.

Key words : medical ultrasound imaging, ultrasound beamformer, synthetic aperture
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Fig, 1.

focusing) for 10 scan lines.
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An example of the scanning procedure of the conventional beamforming
method (performing transmit fixed focusing and receive dynamic
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Fig. 2. Scanning procedure for synthetic aperture beamforming using a
conventional beamformer (M=3, L=10)
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. Muitiple scanning procedure for synthetic aperture beamforming

using three conventional beamformer
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Fig, 6. N-channel received dynamic beamformer archtecture
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Table 1, Hardware complexity comparison between N-channel receive beamformer and N-channel synthetic aperture beamformer.

, ‘ | N—ch RxBF :
RF data buffer 2—port SRAM : N 2—port SRAM : NXM

Delay Calculator ;—:: 62';1\1 \;(—: :?NXXMM
Interpolator X 1 16N X 1 16NXM
SRAM : N SRAM : NXM
Apodization Calculator ROM : N ROM : NXM
X 2N X 1 2NXM

2—port SRAM N NXM

SRAM N NXM

Total ROM N NXM

X 24N 2ANXM

v 2N 2NXM
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the Simultaneous Multi—scanning Approach
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Table 2, Comparison of hardware complexity between the conventional method and the synthetic aperture beamformer using all the proposed methods (the +/~
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£ i BE)
2-port SRAM 2-port SRAM
RF data buffer ‘:’NxM :p Nin 400M %
Delay Calculdtor X 1 6NXM X : 2+4(2XN) X:100(1+N)/3NM %
V7 1 2NXM NARY) v' 1 100/M %
interpolator X T6NXM X 16NX4 400/M %
Apodization SRAM : NXM SRAM : NXM/2
Calculator ROM : NxM ROM : NXM/2 50 %
X 1 2NXM X NXM
2-port SRAM NXxM AN 400/M %
SRAM NXM NXM/2 50 %
Total ROM NxM NXM/2 50 %
X 24NXM NM-+66N+2 25(NM+66N+2)/6NM%
v INXM 2N 100/M %
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Table 3, Comparison of hardware complexity between the conventlonal method and the synthetic aperture beamformer using all the proposed methods (the
number of synthetic transmit aperture = 64, the number of channels = 64)

T = % N=mee) TSI e (N=M- JI= B OH] HSRT Hei%)
RF data buffer 2_‘:’3',703?'\" 2_:'2%'LEEAM 6.25 %
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V8192 Vo128 Vo156 %
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Na 8,192 128 1.56 %
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