
Unlocking the Power: Autoencoding In The
Complex Domain
Autoencoding, a powerful technique in machine learning, has revolutionized
many domains by effectively learning and compressing data representations.
From image recognition to natural language processing, autoencoders have
proven their worth. However, most existing autoencoders focus on real-valued
data, leaving behind one crucial realm of information - the complex domain.

The complex domain encompasses a vast range of data types, including signals,
waveforms, radar, and communication systems. This article dives into the
intricacies of autoencoding in the complex domain, shedding light on its potential
applications, challenges, and recent advancements.

The Complex Domain: A Brief Overview

In the realm of mathematics, the complex domain consists of numbers that
include real and imaginary components. In this domain, a number is represented
as a complex number, z = a + bi, where 'a' represents the real part and 'bi'
represents the imaginary part. This complex representation enables the analysis
of various types of signals and systems.
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While real-valued data can be easily handled by conventional autoencoders,
complex-valued data poses unique challenges. Therefore, the need for complex
autoencoders arises to effectively capture subtle patterns, phase information, and
amplitude variations specific to this domain.

Autoencoding in the Complex Domain: Challenges and Approaches

Designing autoencoders in the complex domain comes with its own set of
challenges. One primary challenge is the requirement of an appropriate loss
function that accounts for both magnitude and phase information. Additionally,
network architectures need to be modified to handle complex-valued data,
ensuring compatibility throughout the encoding and decoding process.

The most common approach to complex autoencoding is using the complex-
valued neural network (CVNN) architecture. By combining real and imaginary
components in the computations, CVNNs can capture the complex relationships
within the data. These networks often utilize complex-valued activation functions
and specialized layers to handle complex-valued matrices effectively.

Potential Applications

Autoencoding in the complex domain opens doors to numerous applications. One
notable application is in radar systems, where complex autoencoders can
compress radar signal data for efficient storage and transmission. By preserving
the phase information, these autoencoders ensure better target detection and
classification algorithms.
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Another domain that benefits from complex autoencoders is wireless
communication. By encoding complex signals, these autoencoders can reduce
noise and interference, leading to improved communication performance.
Autoencoded complex signals are also useful in analyzing electromagnetic wave
propagation and optimizing antenna designs.

Recent Advancements

Researchers have made significant strides in developing complex autoencoders.
One recent development includes the utilization of learned efficient adaptive basis
functions combined with sparse representation. This approach improves the
efficiency of encoding and decoding complex-valued data by adapting to the
data's inherent structure.

Another promising advancement is the use of generative adversarial networks
(GANs) to generate realistic complex-valued samples. By training on a large
dataset, GANs can generate new complex samples that effectively capture the
underlying distribution. This technique has wide-ranging implications in various
fields, including signal processing and system optimization.

Autoencoding in the complex domain is a rapidly evolving field with tremendous
potential. By leveraging complex autoencoders, we can unlock valuable insights
from signals, waveforms, and communication systems. Overcoming the
challenges and building upon recent advancements will undoubtedly lead to
further breakthroughs in this domain. As we continue to explore autoencoding
capabilities, the complex domain is poised to benefit from innovative applications
and improved efficiency.
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Discover the essential building blocks of a common and powerful form of deep
belief net: the autoencoder. You’ll take this topic beyond current usage by
extending it to the complex domain for signal and image processing
applications. Deep Belief Nets in C++ and CUDA C: Volume 2 also covers several
algorithms for preprocessing time series and image data. These algorithms focus
on the creation of complex-domain predictors that are suitable for input to a
complex-domain autoencoder. Finally, you’ll learn a method for embedding class
information in the input layer of a restricted Boltzmann machine. This facilitates
generative display of samples from individual classes rather than the entire data
distribution. The ability to see the features that the model has learned for each
class separately can be invaluable. 
At each step this book provides you with intuitive motivation, a summary of the
most important equations relevant to the topic, and highly commented code for
threaded computation on modern CPUs as well as massive parallel processing
on computers with CUDA-capable video display cards. 

What You'll Learn

Code for deep learning, neural networks, and AI using C++ and CUDA C
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Carry out signal preprocessing using simple transformations, Fourier
transforms, Morlet wavelets, and more

Use the Fourier Transform for image preprocessing

Implement autoencoding via activation in the complex domain

Work with algorithms for CUDA gradient computation

Use the DEEP operating manual

Who This Book Is For
Those who have at least a basic knowledge of neural networks and some prior
programming experience, although some C++ and CUDA C is recommended.
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