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#3CERE  Hardware architecture for three-dimensional ultrasound imaging suited for FPGA structure

A 3D ultrasound imaging system involving computations is developed for use in medical
diagnostié applications. The feasibility of an imaging methods based on computations depends on
the performance of a computing system, high-speed image reconstruction is required for
| practicability. In the present system, an image reconstruction algorithm is implemented in C
language. When computation is performed on a personal computer (PC), the latency for generating a
3D image is approximately 40 [s], Thus, it would be difficult to perform high-speed image
reconstruction by a software (SW) processing. The reduction in computation time is one of the most
important issues. As the data computed in the system are fixed-point data, the author examines
hardware (HW) implementation of the algorithm utilizing a field-programmable gate array (FPGA)
which is possible to rapidly compute simple fixed-point arithmetic in lower cost.

Subsequently, the author analyzes the critical path delay of the designed HW and then reduce the
path delay by modifying the architecture using FPGA resources to increase the maximum operating
frequency. -

Consequently, the HW’s processing speed was approximately 350 times faster than SW
processing,

In circuit design on FPGA, it may unsuitable for circuit design on FPGA to introduce the effective
design method utilized on ASIC (Application specified integrated circuit) design because the
FPGA’s logic structure is fixed.

Thus, the author proposes the higher performance circuit design method suited for FPGA. As the
image reconstruction involves many complex multiplications, the author designs complex
multipliers suited for FPGA structure and subsequently evaluate path delay and scale.

The proposed complex multipliers are based on LUT (Look-up-table) and Carry-chain which are
FPGA resources. The resources are effectively utilized for partial product generation and
compression circuits to compose the complex multiplier, some types of complex multipliers are
designed. _

Consequently, the circuits designed by the proposed methods were superior to the circuit
synthesized by operator (**’, ‘+’, and ‘-*) from VHDL description for both the path delay and the
scale.

From abovementioned, this thesis expresses the circuit design methods based on FPGA.
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