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Abstract

The goal of this project is to explore and im-
plement image deblurring techniques. Many
of these techniques involve some sort of an
image transform, and the most commonly
used one is the Fourier Transform. A point
spread function, also referred to as a blur ker-
nel, can be applied to an image in the fre-
quency domain after it has been transformed
to create a blurry image. The opposite of this
can be done by applying an inverse trans-
form to a blurry image, and after removing
the point spread function from the frequency
domain, a deblurred image can be obtained.
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1 Introduction

Motion blur in images is a common problem
for professionals in various fields. When the
image is deblurred, the usefulness of the im-
age increases. Parts of the image that were

difficult to identify can be rendered to effec-
tive clarity. This project will explore and
implement image deblurring techniques. By
implementing these techniques, users can ef-
ficiently remove blur from an image.

2 Background

Regarding many image processing tech-
niques, transforming the image from a spatial
domain to a frequency domain is very help-
ful. In the area of image deblurring, a Fourier
Transform is useful in creating the frequency
domain image. The Discrete Fourier Trans-
form only describes the frequencies contained
in the spatial domain of the image, as op-
posed to a Continuous Fourier Transform
which will describe a continuous range of fre-
quencies. After applying the Fourier Trans-
form, a blur kernel can be applied to the fre-
quency domain image, and after applying an
inverse transformation, a blurred image will
be obtained. The same process can be done
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to remove blur from an image. Instead of
applying the blur kernel to the frequency do-
main image, it can simply be removed, and
then transformed back to spatial domain to
produce the deblurred image.

Attempting to traditionally deblur an im-
age will result in unwanted noise and ringing
artifacts. However, a finite number of Fourier
basis functions are able reconstruct the image
without much data loss. In determining the
blur kernel, iterating between updating the
blur kernel and the estimated latent image
will ultimately allow the two to converge and
produce an acceptable deblurred image.

Deblurring can also be done with a pair of
images: a blurry one and a noisy one. By
removing noise from the noisy image, an es-
timate of what the final image should look
like can be obtained. This helps in the esti-
mation of the blur kernel. Again, iterations
between estimating the blur kernel, residual
deconvolution, and de-ringing will ultimately
allow the image to converge and produce an
image of acceptable quality.

3 Development

Code for my project will be done primarily
written in the C programming language. I
will also need to use imagemagick to convert
various images into the pgm format, which I
can use to directly read color values. Test-
ing will revolve around applying forward and
inverse Fourier Transforms to test the func-
tionality of the image transforms. Ultimately,
after applying blur kernels to the frequency
domain image, I will be able to visually verify

the effect of the deblurring program.

In applying image deblurring techniques, I
will be primarily focusing on eliminating ring-
ing artifacts from a transformed image. A
secondary focus will involve determining the
blur kernel that is applied to the frequency
domain image.

4 Results

The Fourier image is often displayed with
F(0,0) in the center of the image. In the fre-
quency domain with this particular shifting,
the further away from the center of the im-
age, the higher the frequency is. Visually,
one can detect gradients in the Fourier trans-
form that corresponds to the original image
in the spatial domain. For example, this im-
age (Fig. 1) has two dominating directions,
one along the x-axis and another along the
y-axis. This can be seen in the Fourier image
(Fig. 2) shown by the strong lines intersect-
ing at the middle, and in the original image
shown by the border of the mirror.

5 Discussion

Images serve various purposes in many differ-
ent fields, and the clarity of an image is al-
most universally preferred. Thus, a program
to effectively remove blur in images would be
useful in any subject area. Such functional-
ity would allow photographers and image ed-
itors to be able to remove blur and increase
clarity of images. Casual image enhance-
ment would allow photographers to take more
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Figure 1: Original Image

Figure 2: Fourier Transformed Image

presentable pictures with less blur. Deblur-
ring photographs taken by roadside cameras
would allow law enforcement to clearly read
license plate numbers.
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