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I. INTRODUCTION

In recent decades, increasing ultrasound frame rates has

been the main motivation behind many novel ultrasound

imaging applications [1–3]. With this work, we propose an

efficient ultrafast FPGA beamformer that applies coherent

compounding, through a delay-reuse optimization.

II. ARCHITECTURE DESIGN & IMPLEMENTATION

An abstract view of the DAS equation is the following:

sbf (Xs) =
∑

θ∈angle set

∑

i∈element set

si(τ(Xs, Xi, θ)) (1)

where Xs is a pixel, Xi is a channel. By replacing the

variable Δxi,s = xi − xs in equation (1), a delay-value

reuse algorithmic transformation is enabled [4], reducing the

memory complexity from O(N3) to O(N2). To beamform each

image row, the ultrasound values are summed diagonally; see

Figure 1. The illustrated array is divided into segments, that are

processed in a pipeline. We applied two interpolation methods,

a mean interpolation and the standard linear interpolation.
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Fig. 1: Sample-summing process of the DAS algorithm.

III. EVALUATION

We implemented two beamforming kernels (mean / linear

interpolation) on an Alveo U200 Data-Center Accelerator

Card. As input for our kernels, a dataset from the IEEE

Imaging Challenge (PICMUS) was utilized [5]. Figure 2

illustrates the beamformed images, while Figure 3 describes

the scalability of our design.

IV. CONCLUSION

The contribution of our ultrafast FPGA beamformer is the

preservation of high frame rates, the high aperture size, and

the design’s scalability. Specifically, the two versions of the

proposed architecture achieved a PRFmax of more than 11

KHz and 10 KHz, respectively, and a beamforming rate of

around 2 GSamples/sec.

Fig. 2: Reconstructed image. mean interp (L), linear interp (R)

Fig. 3: Scalability graphs, while tuning the channel amount.
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