Deconvolution & Unfolding: An

Alternative Perspective

Introduction

Deconvolution and unfolding are mathematical
techniques used to extract meaningful information
from data that has been distorted or obscured by a
known process. These techniques find applications in
diverse fields ranging from image processing and

signal processing to spectroscopy and geophysics.

Deconvolution is the process of recovering a signal
from its convolution with a known function. In image
processing, for example, deconvolution can be used to
remove blur from an image caused by the camera's
lens or the motion of the camera or the subject. In

signal processing, deconvolution can be used to recover



a signal that has been distorted by noise or

interference.

Unfolding is the process of recovering a function from
its convolution with a known operator. Unfolding is
often used in spectroscopy to recover the underlying
spectrum of a sample from its convolution with the
instrument's response function. Unfolding can also be
used in geophysics to recover the Earth's subsurface

structure from seismic data.

Deconvolution and unfolding are both ill-posed
problems, meaning that there is no unique solution to
the problem and the solution is sensitive to noise and
errors in the data. To obtain a stable and meaningful
solution, regularization techniques are often used.
Regularization techniques introduce additional
constraints or assumptions about the solution, which
help to stabilize the problem and make the solution less

sensitive to noise and errors.



The choice of regularization technique depends on the
specific problem being solved and the desired
properties of the solution. Some commonly used
regularization techniques include Tikhonov
regularization, truncated singular value

decomposition, and total variation regularization.

Deconvolution and unfolding are powerful techniques
that can be used to extract valuable information from
data that has been distorted or obscured by a known
process. These techniques have found applications in a
wide range of fields, and their use is likely to continue

to grow in the future.



Book Description

Delve into the fascinating world of deconvolution and
unfolding, two powerful mathematical techniques used
to extract meaningful information from data obscured
by a known process. Deconvolution and Unfolding: An
Alternative Perspective takes you on a comprehensive
journey through these techniques, exploring their
applications in diverse fields such as image processing,

signal processing, spectroscopy, and geophysics.

Deconvolution, the process of recovering a signal from
its convolution with a known function, is essential in
image processing for removing blur caused by camera
motion or lens imperfections. It also plays a crucial role
in signal processing for recovering signals distorted by

noise or interference.

Unfolding, on the other hand, involves recovering a
function from its convolution with a known operator.

This technique finds extensive use in spectroscopy to



extract the underlying spectrum of a sample from the
instrument's response function. It is also employed in
geophysics to recover the Earth's subsurface structure

from seismic data.

While both deconvolution and unfolding are powerful
tools, they are also ill-posed problems, meaning that
there is no unique solution and the solution is sensitive
to noise and errors in the data. To obtain stable and
meaningful solutions, regularization techniques are

often used.

Deconvolution and Unfolding: An Alternative
Perspective provides a thorough exploration of these
regularization techniques, explaining their
mechanisms and guiding readers in choosing the most

appropriate technique for their specific problem.

With its comprehensive coverage of deconvolution and
unfolding, this book is an invaluable resource for
researchers, engineers, and practitioners in various

fields. It offers a unique perspective that sets it apart
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from existing literature, making it an essential guide
for anyone seeking to delve deeper into these

fascinating techniques.



Chapter 1: Deconvolution: Lifting the

Fog

The Essence of Deconvolution

Deconvolution is a powerful mathematical technique
used to extract meaningful information from data that
has been distorted or obscured by a known process. It
finds applications in diverse fields such as image
processing, signal processing, spectroscopy, and

geophysics.

At its core, deconvolution is the process of reversing
the effects of convolution, a mathematical operation
that combines two functions to produce a third
function. In deconvolution, we are given the output of a
convolution operation and seek to recover the original

input function.

To understand the essence of deconvolution, consider
the example of image deblurring. When a camera

captures an image, the resulting image is often blurred
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due to factors such as lens aberrations, camera shake,
or subject motion. This blurring can be modeled as a
convolution operation between the true image and a
blurring kernel, which represents the point spread

function of the camera.

The goal of deconvolution in this case is to recover the
true image from the blurred image. This can be
achieved by applying a deconvolution filter, which is
designed to reverse the effects of the blurring kernel.
By deconvolving the blurred image with the
deconvolution filter, we can obtain an estimate of the

true image that is sharper and more detailed.

The concept of deconvolution can be extended to a
wide range of other applications. In signal processing,
deconvolution can be used to recover a signal that has
been distorted by noise or interference. In
spectroscopy, deconvolution can be used to recover the
underlying spectrum of a sample from its convolution

with the instrument's response function. In geophysics,



deconvolution can be used to recover the Earth's

subsurface structure from seismic data.

The essence of deconvolution lies in its ability to
extract hidden information from data that has been
distorted or obscured. By reversing the effects of
convolution, deconvolution allows us to uncover the
underlying structure and patterns in the data, leading

to new insights and understanding.



Chapter 1: Deconvolution: Lifting the

Fog

blurring and noise: Two Common Culprits

Blurring and noise are two common culprits that can
degrade the quality of images, signals, and other data.
Blurring occurs when the details of an image or signal
are smeared or averaged out, while noise is the
presence of unwanted random variations in the data.
Both blurring and noise can make it difficult to extract

meaningful information from the data.

Blurring can be caused by a variety of factors, such as
the motion of the camera or the subject, the optical
properties of the lens, or the scattering of light in the
atmosphere. Noise can be caused by a variety of
factors, such as electronic noise in sensors,
quantization noise in digital systems, or environmental

noise.
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Deconvolution is a mathematical technique that can be
used to remove blurring from an image or signal.
Deconvolution works by inverting the blurring process,
effectively undoing the blurring and restoring the
original image or signal. Unfolding is a related
technique that can be used to remove noise from data.
Unfolding works by separating the signal from the
noise, allowing the signal to be recovered in a clean

and denoised form.

Both deconvolution and unfolding are powerful
techniques that can be used to improve the quality of
data. These techniques have found applications in a
wide range of fields, including image processing, signal

processing, spectroscopy, and geophysics.
Blurring in Images

Blurring is a common problem in images, especially
those taken with a camera that is moving or when the

subject is moving. Blurring can also be caused by the
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optical properties of the lens, such as spherical

aberration or chromatic aberration.

Blurring can make it difficult to see the details in an
image, and it can also make it difficult to distinguish
between objects in the image. Deconvolution can be
used to remove blurring from images, restoring the
original details and making it easier to see the objects

in the image.
Noise in Signals

Noise is a common problem in signals, especially those
that are measured in the presence of electronic noise
or environmental noise. Noise can make it difficult to
see the underlying signal, and it can also make it
difficult to extract meaningful information from the

signal.

Unfolding can be used to remove noise from signals,
revealing the underlying signal in a clean and denoised

form. Unfolding can be used to improve the quality of
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signals in a wide range of applications, such as speech

processing, audio processing, and medical imaging.
Conclusion

Blurring and noise are two common problems that can
degrade the quality of images, signals, and other data.
Deconvolution and unfolding are two powerful
techniques that can be used to remove blurring and
noise from data, restoring the original details and

making it easier to extract meaningful information.

13



Chapter 1: Deconvolution: Lifting the

Fog

Regularization Techniques: A Balancing Act

Deconvolution is an ill-posed problem, meaning that
there is no unique solution to the problem and the
solution is sensitive to noise and errors in the data. To
obtain a stable and meaningful solution, regularization
techniques are often used. Regularization techniques
introduce additional constraints or assumptions about
the solution, which help to stabilize the problem and

make the solution less sensitive to noise and errors.

The choice of regularization technique depends on the
specific problem being solved and the desired
properties of the solution. Some commonly used

regularization techniques include:

e Tikhonov regularization: Tikhonov
regularization is a widely used regularization

technique that penalizes the solution for being
14



too large or too oscillatory. The Tikhonov
regularization parameter controls the trade-off
between the fidelity of the solution to the data

and the smoothness of the solution.

Truncated singular value decomposition
(TSVD): TSVD is a regularization technique that
truncates the singular value decomposition of
the matrix representing the convolution
operator. The truncation level controls the trade-
off between the fidelity of the solution to the data

and the smoothness of the solution.

Total variation regularization: Total variation
regularization is a regularization technique that
penalizes the solution for having large gradients.
The total variation regularization parameter
controls the trade-off between the fidelity of the
solution to the data and the smoothness of the

solution.
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The choice of regularization technique is a delicate
balancing act. The goal is to choose a regularization
technique and parameter that yields a solution that is
both faithful to the data and smooth. If the
regularization parameter is too small, the solution will
be too oscillatory and sensitive to noise. If the
regularization parameter is too large, the solution will
be too smooth and may not capture the important

features of the data.

In practice, the choice of regularization technique and
parameter is often done by trial and error. The user
tries  different regularization techniques and
parameters and selects the one that yields the best

results.

Regularization techniques are a powerful tool for
solving ill-posed problems such as deconvolution. By
introducing additional constraints or assumptions

about the solution, regularization techniques can help
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to stabilize the problem and make the solution less

sensitive to noise and errors.
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This extract presents the opening three

sections of the first chapter.

Discover the complete 10 chapters and
50 sections by purchasing the book,

now available in various formats.
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This extract presents the opening three

sections of the first chapter.

Discover the complete 10 chapters and
50 sections by purchasing the book,

now available in various formats.
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