Ultrasound speckle reduction using generative
adversial networks
Fabian Dietrichson

Erik Smistad

Norwegian University of Science and Technology (NTNU)
Trondheim, Norway
fabiansd1402@gmail.com

Centre for Innovative Ultrasound Solutions (CIUS)
Norwegian University of Science and Technology (NTNU)
SINTEF Medical Technology
Trondheim, Norway
erik.smistad@ntnu.no

Andreas Østvik

Lasse Lovstakken

Centre for Innovative Ultrasound Solutions (CIUS)
Norwegian University of Science and Technology (NTNU)
SINTEF Medical Technology
Trondheim, Norway
andreas.ostvik@ntnu.no

Centre for Innovative Ultrasound Solutions (CIUS)
Norwegian University of Science and Technology (NTNU)
Trondheim, Norway
lasse.lovstakken@ntnu.no

Abstract—Generative adversial networks (GANs) have shown
its ability to create realistic and accurate image-to-image transformation. The goal of this work was to investigate whether deep
convolutional GANs can learn to perform advanced ultrasound
speckle reduction in real-time. The GAN was trained using a
dataset of cardiac images from 200 patients and tested on a
separate dataset from 55 patients. A U-net type of generator was
used together with a patch-wise discriminator. Three different
generator sizes were tested in order to see the tradeoff between
speckle reduction accuracy and runtime. The results show that
GANs can learn ultrasound speckle reduction. Even though
the training set consisted only of cardiac ultrasound images,
results from other parts of the body and scanners indicate that
the method learns speckle reduction in general, and not just
for cardiac images. By reducing the number of filters in the
generator, real-time performance was achieved with an average
of 11 ms per frame.

I. I NTRODUCTION
Raw ultrasound B-mode images go through a significant
amount of post-processing before being displayed. State-ofthe-art image processing algorithms may be complex, difficult
to implement and not necessarily efficient enough to satisfy
real-time requirements of ultrasound devices. One example is
speckle reduction for improving image contrast. Speckle is a
type of granular image degrading noise pattern that arise due
to interference of reflected ultrasound waves.
A generative adversial network (GAN) is an unsupervised
deep learning approach introduced in 2014 by Goodfellow et
al. [1]. GANs have shown to be able to create realistic and
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accurate image-to-image transformations, including denoising
low-dose CT images as shown by Wolterink et al. [2] in 2017.
GANs consist of two networks: a generative network (G),
and a discriminative network (D). The goal is to train a
generator which can create new samples which lay in the same
distribution as the training data. The discriminator are given
samples from the training set and samples from the generator
and have to determine if the samples are real or fake. Thus,
the training procedure for G is to maximize the probability
of D making a mistake, while D is trained to minimize the
misjudging error on whether the images it receives are real or
fake.
The aim of this work was to investigate if GANs can learn
an advanced ultrasound image processing algorithm, and to
see if this approach can provide a practical path to real-time
performance by utilizing the optimized neural network GPU
backends. Simultaneously with this work, Mishra et al. [3]
published a GAN based ultrasound speckle reduction method,
training with liver data from a high-end scanner as target
images, and simulation corrupted images from the high-end
scanner and images from a low-end scanner as input images.
Instead of using simulated speckle and low-end scanner images
to learn speckle reduction as done by Mishra et al. [3],
the proposed method learns from a known complex filtering
method, and is thus trained and validated on real speckle noise
and filtered output of the images. We also show how this
method can be optimized for real-time runtime and that it
works on ultrasound images from different parts of the body.
II. M ETHODS
A. Dataset
A dataset of 600 samples from 200 patients was used to
train the networks. This dataset consisted of cardiac B-mode

