The Non Uniform Frequency Dependent Fast
Fourier Transform: A Comprehensive Guide

The Non Uniform Frequency Dependent Fast Fourier Transform (NUFFT)
is a powerful signal processing algorithm that has a wide range of
applications in image processing, medical imaging, and radar. The NUFFT
is an extension of the Fast Fourier Transform (FFT),which is a fundamental
algorithm for performing frequency analysis of signals. The FFT is efficient
for signals that are uniformly sampled in the frequency domain, but it is not
efficient for signals that are non-uniformly sampled. The NUFFT overcomes
this limitation by allowing for non-uniform sampling in the frequency
domain.
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This book provides a comprehensive guide to the NUFFT, covering its
theoretical foundations, implementation details, and applications. The book
is written in a clear and concise style, and it is suitable for readers with a
basic understanding of signal processing.
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Theoretical Foundations

The NUFFT is based on the theory of non-uniform sampling. Non-uniform
sampling occurs when the samples of a signal are not evenly spaced in the
time or frequency domain. This can occur for a variety of reasons, such as
when a signal is acquired using a non-uniform sampling rate or when a
signal is processed using a non-uniform filter.

The NUFFT uses a technique called gridding to convert a non-uniformly
sampled signal into a uniformly sampled signal. Gridding involves
interpolating the non-uniformly sampled signal onto a regular grid. Once the
signal has been gridded, it can be processed using the FFT.

Implementation Details

The NUFFT can be implemented using a variety of different algorithms. The
most common algorithm is the gridding algorithm, which is described in the
previous section. Other algorithms include the overlap-add algorithm and
the overlap-save algorithm.

The choice of algorithm depends on the specific application. The gridding
algorithm is the most general algorithm, but it is also the most
computationally expensive. The overlap-add algorithm and the overlap-
save algorithm are less computationally expensive, but they are less
general.

Applications

The NUFFT has a wide range of applications in image processing, medical
imaging, and radar. Some of the most common applications include:



* Image reconstruction: The NUFFT can be used to reconstruct images
from non-uniformly sampled data. This is useful for applications such as
computed tomography (CT) and magnetic resonance imaging (MRI). *
Medical imaging: The NUFFT can be used to process medical images,
such as X-rays and MRIs. This is useful for applications such as image
enhancement, segmentation, and registration. * Radar: The NUFFT can be
used to process radar data. This is useful for applications such as target
detection and tracking.

The NUFFT is a powerful signal processing algorithm that has a wide range
of applications. This book provides a comprehensive guide to the NUFFT,
covering its theoretical foundations, implementation details, and
applications. The book is written in a clear and concise style, and it is
suitable for readers with a basic understanding of signal processing.
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