
Autoencoding in the Complex Domain: A
Comprehensive Guide
Autoencoders are a type of neural network that has been widely used in a
variety of applications, including image processing, natural language
processing, and signal processing. Autoencoders learn to represent data in
a compressed form, which can be useful for tasks such as dimensionality
reduction, denoising, and feature extraction.

Traditional autoencoders operate on real-valued data. However, in many
applications, the data is complex-valued. Complex-valued data occurs
when the data has both a real and imaginary part. Examples of complex-
valued data include images, audio signals, and radar signals.

Autoencoders that operate on complex-valued data are called complex
autoencoders. Complex autoencoders have been shown to be effective for
a variety of tasks, including image denoising, image compression, and
radar signal processing.
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In this article, we provide a comprehensive overview of autoencoders in the
complex domain. We discuss the different types of complex autoencoders,
their applications, the challenges associated with training complex
autoencoders, and future directions for research in this area.

There are two main types of complex autoencoders:

Complex-valued autoencoders: These autoencoders operate directly
on complex-valued data. The input and output of these autoencoders
are both complex-valued.

Real-valued autoencoders with complex weights: These
autoencoders operate on real-valued data. However, the weights of
these autoencoders are complex-valued.

Complex-valued autoencoders are more general than real-valued
autoencoders with complex weights. Complex-valued autoencoders can
learn to represent both the real and imaginary parts of the data. Real-
valued autoencoders with complex weights can only learn to represent the
real part of the data.

Complex autoencoders have been used in a variety of applications,
including:

Image denoising: Complex autoencoders can be used to remove
noise from images. Complex autoencoders are particularly effective at
removing noise from images that have a complex structure, such as
images of natural scenes.

Image compression: Complex autoencoders can be used to
compress images. Complex autoencoders are able to achieve higher



compression rates than traditional image compression algorithms.

Radar signal processing: Complex autoencoders can be used to
process radar signals. Complex autoencoders can be used to detect
objects in radar signals and to classify objects in radar signals.

Natural language processing: Complex autoencoders can be used
to process natural language data. Complex autoencoders can be used
to represent the meaning of words and phrases and to generate new
text.

Training complex autoencoders can be challenging. The main challenge is
that the complex-valued data is not as well-behaved as real-valued data.
The complex-valued data can have a large dynamic range and can be
highly non-linear.

Another challenge is that the complex-valued data is often difficult to
visualize. This can make it difficult to understand how the complex
autoencoder is learning.

There are a number of promising directions for future research in the area
of complex autoencoders. One direction is to develop new complex
autoencoder architectures. Another direction is to develop new training
algorithms for complex autoencoders. Finally, another direction is to
explore new applications for complex autoencoders.

Complex autoencoders are a powerful tool for representing and processing
complex-valued data. Complex autoencoders have been shown to be
effective for a variety of tasks, including image denoising, image
compression, and radar signal processing. As research in this area



continues, we can expect to see complex autoencoders used in a wider
range of applications.
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