Introduction to Digital | mage Processing
Exercise No. 2: Frequency domain

Due: 18-12-05

Purpose

The purpose of this exercise is to help you understand theegrof the frequency domain by
doing some manipulation of images. The exercise will havarsa first two parts on basic ma-
nipulation of images in the frequency domain and the secengbtrts are about image restoration:
overcoming blur in images. The last part of the exercised(ig®-Filtering in the spatial domain)
is optional and you can get a bonus of 20 points for doing it.

| mage Resize using the frequency domain

In this section you are required to perform image resizingp@frequency domain. Your program
should get any image, convert it to gray scale and resize & fiven factor. The resized image
should be displayed as grayscale image. You should useieédan myim_read you wrote in the
first exercise to read the image and convert it to grayscédagp correct any errors you may had
with your previous code). The resizing operation should teedin the frequency domain in the
way that was explained in class.

The function should be called as follows.:
ex2resizelmg(name, factor)
where:

e nameis the input image filename
e factor is a positive scale factor

This function should not return any arguments but shoulchdpbBgures displaying the image
and the resized image. The function should call an inteurattion as follows
f = ex2resizeFreq(im, factor)
where:

e im s the grayscale input image.
e factor is a positive scale factor

e fis animage which is the result of the resize operation



The function should not display anything and it should netilire grayscale image in the ap-
propriate size, e.qg. if the factor is 1.5 the image should.Beithes bigger than the original image
and if the factor is 0.3 the function should return the imag80d% of the origin image size (round
to the nearest integer).

Please note that your program should receive images fromandcdeven sizes and it should
work properly on both types. It is expected that an image Wt resized in factor f (f is larger
than 1) and the resulting image was resized again in factovill jproduce image very similar to
the original image (up to quantization errors).

In the README file you should describe what operations youidithe frequency domain
and what equivalent operations should have been done ieigmg was performed in the spatial
domain.

Find image trandation parameter susing the spatial domain

In this section you should find the translation parameteend images im1, im2 where im2 was
received after translating im1 in (x0,y0) pixels (e.g. im¥f = im2(x+x0,y+y0)). Finding the
translation parameters should be done in the frequency idobese on the translation property of
the Fourier Transform (as you proved in the theoretical@ge}.

It is sufficient to use a very small number of pixels (2 pixel&3ely selected to find those pa-
rameters or in order to get a more stable solution solvirgelagquation system. You are required
to perform the simple option (solving based on value of 2Igix&o test your solution you should
generate your own test images, both synthetic and real israge and in the README file ana-
lyze the performance of this solution: under what condgidid you get good estimation for the
translation.

The function should be called as follows:

[0, v0] = ex2findTrans(namel, name2)
where:

e namel is the first input image (im1) filename
e name2 is the second input image (im2) filename (the first image wahglation of u0,v0)

The function should return u0 and vO which are the transtatiomponent in X and in Y
respectively.

| nver se-Filtering

Image blur happens, for example in cheap web cameras (dwusdtoftics), in bad weather, and
when the camera moves quickly during the exposure (motior).bin many cases, as we showed
on class, when the blur is uniform over the image, it can beeteatby a convolution:

g=fxh+n

where:



* marks convolution.

g is the input blurry image.

f is the original unknown image.

h is the convolution blur filter.

e nis the noise added to the image.
So in order to estimate imagefrom imagef the following simplifying assumptions are made:

e The convolution blu#: is known.

The noise is independent of the image.

The noise pixels are identically independently distributeth normal distribution and zero
mean.

The noise looks similar to what you see on an un-tuned tegvisn the frequency domain,
this means that typically the power spectrum of the noiseems close to uniform.

This task is called inverse-filtering or de-convolutiomcs one tried to do the inverse of the con-
volution blur filter.

I nver se-Filtering in the frequency domain
The imaging process can be presented in the frequency ddayain
G(u,v) = F(u,v)H (u,v) + N(u,v)

where:

e G is the Fourier transform of the input image

F is the Fourier transform of the unknown original imafje

H is the Fourier transform of the blur filtér,

N is the Fourier transform of the noise added to the image.

Thus in order to recover the image, one can use the following:

F(u,v) = fl((ZZZ)) = F(u,v) + ZEZ: Z;
Let us mark N
D(u,v) = (u, v)



Using F'(u, v) is problematic, since in frequencies whebu, v)| is very large, we get more noise
than information. So we need to assume something about tbe and the image. We will assume
that for low frequencies/F'(u,v)| is much larger thenD(u, v)|, while for high frequencies it is
the other way around. There are several reasons for thisngsisun:

e h is a low pass filter, and s|d (u, v)| is large for low frequencies and small for high fre-
guencies.

e A typical power spectrum of a “natural” image is exponemyialecreasing, i.e. it is very
large for low frequencies and close to zero for high frequesnc

e The power spectrum of noise is flat or uniform. This is typiahoise like the one in an
un-tuned television. Note: in this exercise you don't nee@gtimate the noise spectrum
explicitly.

Thus, in order to cancel the blur, while avoiding amplifioatiof the noise, we usé& (u, v)
when it is reliable, and otherwise us&u,v). We will use one of 2 methods for handling the
noise: direct inverse filter and wiener inverse filter.

In this part you should write a program that performs invdiisering in the frequency domain.
It should be called as follows.:
f=ex2freq(useWeiner, g, h, tu, tv, K, origim)
where: useWeiner is a parameter either 1 or O representing whether to redterartage using
wiener restoration method (1) or using direct method ¢0s the input image filename ardthe
blur filter (a matrix). f is the restored image. Théaresholds tu,tv are used only in the direct
inverse filtering to define which frequencies are considéoed(so F(u,v) is used) and which
are high (soG(u,v) is used). (u,v) is a low frequency ifflu| < tu,|v| < tv. Note that we
refer to frequencies on the shifted representation, wherdrequency(0, 0) is in the middle of
the image. See ‘fftshift’ in matlab for usage of this repréatéion. The ranges af. andtv are
[0,1]. For example(0,0) means a window of size 0 (no restoratiofi), 1) refers to the whole
image (restore all frequencies), aftds, 0.5) means a square window in the middle of the image.
K is a parameter used when the wiener filter method is to be uskd & represent a constant
representing the factor between the spectrum of the imagfgetepectrum of the noise (see the
definition of the wiener filter as defined in classrigIm is an optional argument: original image
filename used for testing the restoration result when we theseriginal image available.

The function should also display in one figure (using subplot

1. The blured image.

2. The restored imagg.

3. original Image before degradation (if given).
4. The log of the power spectrum gf
5

. The log of the power spectrum ¢f



6. The log of the power spectrum of the original image (if give

You can find in the following web page under the directory Ex&fples an example of blurred
image and a program showing how it was created. You can uséast your program

| nver se-Filtering in the spatial domain

Note: This part is a bonus part and you can get up to 20 poirg.dEhconvolution problem can be
presented in the spacial domain as a linear set of equatiaha¢ed to be solved:

g(z,y) = D> flz — bz, y — 6y)h(sz, y)

So that each pixel in the input image gives one equation.eSimere is a large number of unknown
variables (as the size of the image), a simple inversion efefjuations matrix is computation-
ally expensive. Moreover, the frequency domain teachesaisiftwe invert the matrix, in high
frequencies the noise will be amplified.

Instead, we use a simple iterative method. We start with gialisolution (e.g.f() = ¢), and
iteratively update the solution by the formula:

JO = [ 4 (g = f@xh) < B

Whereh' is taken to be the reflected version /ofFor symmetric kernelsh! = h). when this
system converges, thatf§+) equalsf(™ up to a small error, we get thay — f™ x h) x b’ = 0,
so f(™ satisfies our model.

There is another detail missing, which is what to do in thegenorders. One way, is to
follow the convolution assumption that the image is cyclinother way is to assume that out

of the borders of the image there are black pixels (We will katero padding). A third way is
to duplicate the border. For example, for an imggef size 10 x 10, we assumef(—3,2) =

f(1,2), £(13,2) = £(10,2), £(3,12) = £(3,10) etc.
In the second part of the restoration section you will impainthis method. it should be
called:
f=ex2 spatial(g,h,thresh,borderMethod)
where:

e gisthe inputimage filename.
e his the blur filter
e thresh is the threshold for convergence. The algorithm should atogn

%Z(f(ml)(xa y) — f(n)(év, y))? < thresh
$’y

whereS is the image size (the number of pixels in the image).

e borderMethod is the way the border should be treated. It can be either -tli€y), or O
(Zero-Padding) or 1 (Duplicate border)

Your program should return the result. It should not dis@lay image.



Readme and tips

Your README file should include your analysis of questionesin the first and second parts of
the exercise (if you prefer you can hand the theoreticalygisahot as a README text file but in
another format like a word document. If you do so please #tatgour README file). It should
also include the difference between the different poss#slof inverse filtering:
A. In the frequency domain, what is the difference betweenr#gsults using wiener and direct
inverse filtering? Which method would you use?
B. In the frequency domain, what is the effect in changingv? What were the values of, and
tv that gave you the best results ? What is the value of K that gawgood results
if you implemented part 4:
C. What is the difference between the results in the spatialadn and frequency domain ? Which
method would you use?
D. In the spacial domain, what is the difference between élsalts when using different border
strategies (cyclic image, duplicate, zero padding)? Whppkns in the image and near the borders
when the threshold you use is very small?

In order to help you get to know some useful matlab functiehsted to this exercise you are
advised to look on the help for the following functions: fft&shift, ifftshift, random, find, conv2,
imfilter.



