Ultrasound Signal Processing with GPUs
— Introduction to Parallel Programming
ALL the LATEST short-course materials are available on-line:
https://github.com/Lab4US/gpu-short-course
YouTube playlist
ABSTRACT
Nowadays, GPUs (Graphics Processing Units) serve as workhorses for processing
massive amount of data and to accelerate general-purpose scientific and
engineering computing.
The main goal of the training is to get familiar with the GPU/parallel programming
and apply it to ultrasound signal processing. The short-course is going to be
practically oriented with a 50/50 split between the lectures and exercises. We are
planning to leverage a common knowledge of the basic ultrasound processing
methods and show how to translate them into working parallel algorithms.
The workshop will target both low-level Nvidia CUDA GPU programming and highlevel Python tools. This blend of development tools enables fast prototyping of
new processing methods and later migration to a high-performance native GPU
implementation.
During the exercises, the Participants will implement and test their algorithms on
ready to use RF datasets, as well as have an opportunity to run them on an
ultrasound research system equipped with GPU.

Target
Students, PhD students, researchers, and R&D staff interested in extending their
skills to apply parallel and GPU programming for ultrasound signal processing in
their daily work.

Prerequisites
Basic programming skills (Python and C language).
Basic knowledge of ultrasound imaging and reconstruction algorithms.
A PC/laptop:
min 8 GB of RAM memory,
Nvidia GPU with at least 2GB of GPU memory, compatible with CUDA
Toolkit 11.0,
Windows or Linux OS,
Installed software:
Nvidia CUDA Toolkit 11.0;
Python 3.8, including pip package manager.

Topics
Intro to parallel programming.
Intro to GPU architecture and Nvidia CUDA.
Python tools for GPU programming.
Exercises — implementation of ultrasound signal processing:
loading and pre-processing of RF datasets,
ultrasound image reconstruction,
programming and acquiring data from a research ultrasound scanner,
optimizing data streaming and processing for real-time operation.
Course materials
Course slides (partly based on the Nvidia training).
Example GPU kernels (on Github).
Example RF datasets.
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