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A Fully-Integrated Ultrasound Imaging Processor
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Abstract

Hand-held ultrasound has changed the way for human diagnosis.
Its portability enables remote and fast clinical decision-making.
Ultrasound imaging can be categorized into two types of modes:
standard and advanced. The standard modes (including B-mode,
color Doppler, and power Doppler) are used to show the
cross-sectional view of the tissues and the characteristics (velocity
and reflection intensity) of the blood flow. In contrast, the
advanced modes (including vector flow and elastography) display
more accurate flow velocity and tissue stiffness, at a cost of higher
computational complexity with a higher beamforming rate.
Dedicated VLSI solutions for hand-held ultrasound have been
developed for the standard modes, but processors supporting
the advanced modes have not been demonstrated.

This work demonstrates the first fully-integrated ultrasound imaging
processor supporting advanced modes. Fig. 2 shows the system
architecture for the proposed ultrasound imaging processor. The
processor consists of a planewave beamformer, a Doppler engine, a
speed estimator, a parameter estimator, a memory bank, an
encoder, and a median filter. Algorithm-architecture co-design is
applied to optimize the design. Implementation complexity for
beamforming is significantly reduced with the reduced stored
delay size. The proposed elastography flow also largely reduces
the storage size of shear wave data. Interleaved firing enables
real-time imaging for advanced modes. For hardware optimization,
low-complexity Catmull-Rom interpolation is applied, saving 79%
area of the interpolator. The autocorrelator can be shared by
color Doppler, vector flow and elastography imaging, reducing
the speed estimator area by 25%.

Fabricated in 40-nm CMOS, the chip integrates 4.7M logic gates in
core area of 3.24mm?. The power consumption is 30.7-169mW at
100-200MHz from a 0.63-0.91V supply. The state-of-art ultrasound
imaging processor only supports the standard modes, consuming
1124.4mW at a clock frequency of 40MHz. This work achieves a
20.3x higher beamforming rate with 6.7-to-36.6x lower power
consumption. It also has 60% lower hardware complexity (in
terms of gate count), in addition to the capability for supporting
advanced modes.
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Fig.2 System architecture for the proposed ultrasound imaging processor.
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