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Converting reflected sonic signals to an ultrasound image, beaforming, has
been traditionally formulated mathematically via the simple process of delay and
sum (DAS). Recent research has aimed to improve ultrasound beamforming via
advanced mathematical models for increased contrast, resolution and speckle
filtering. These formulations, such as minimum variance, add minor improve-
ment over the current real-time, state-of-the-art DAS, while requiring drastically
increased computational time and therefore excluding them from wide-spread
adoption. Simultaneously, there is a parallel drive to increase ultrasound frame
acquisition rates, for applications such as cardiac imaging, where high frame
rates are required to accurately capture the complete subject motion.

In order to improve contrast, resolution and accuracy of reconstructed ul-
trasound images while increasing acquisition speed, a new paradigm, Deep-
Forming [1], has been developed to leverage the strengths of deep learning
for accelerated sub-sampled ultrasound reconstruction. In this novel work, a
fully-convolutional neural network [2] trained with a composite loss of L1 and
LMS-SSIM [3], is utilized to map sub-sampled raw channel data from an ultra-
sound transducer to a fully sampled beamformed signal. Experiments were con-
ducted on an in-vivo dataset of 19 participants including scans of a variety of
anatomies. Results showed that all anatomies were successfully reconstructed by
DeepFormer while using both sub- or fully-sampled raw data with a high relative
structural similarity, suggesting that the lateral resolution of the reconstructed
images can be maintained even with sparsely sampled channel data. The overall
similarity between the reconstructed images and the ground truth for fully- and
sub-sampled raw data remained similar with an SSIM of 0.5554 and 0.5550 re-
spectively, highlighting the potential of DeepFormer to serve as a step towards
arbitrary reconstruction based on sub-sampled raw ultrasound signals.
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