Exercise 1

a) Convolve the two filtersf1 and f2 presented below so as to produce the new filter £3
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b) Find the Fourier transform of f3 by carrying out the transform directly on the convolution
kernel

¢) Find the Fourier transform of 3 by first carrying out the transform of 1 and f2

d) What is the Fourier transform of the median filter? Motivate your answer.



Exercise 2
a) Derive and plot the Fourier transform of the mean filter defined by the operator:
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b) Apply thisfilter to the input image below and compute the result (assume zeros outsde the
image, and round to nearest integer):
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¢) Apply a 3x3 median filter to the same image and compuite the result

d) Describe (in words) in which Stuations the median filter may be superior to the mean filter



Exercise 3

a) The 2 filters h1 and h2 are convolved so as to produce the filter h3.
Determine the coefficients a, b, and c:

hl h2 h3
1 21 c b c 1 2 1
2 4 2 b ab 1 8 14 8 1
1 21 c b c 2 14 24 14 2
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b) The Fourier transform of a spatid filter is (sampling distance=1):

acos(u) + b cosg(v) + ¢ cos(utv) + d cos(u-v)

+ ecos(2u) + f cos(2v) + g
(whereu and v are the spatial frequenciesin the horizontal and vertical directions,
respectively)
Determine the coefficients of the spatid filter and present it as an nxm operator in the way the
operators are presented in @)

) Apply a3x3 median filter to the image below:
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Exercise4

a) Thetwo filters h1 and h2 should be convolved so as to produce the filter h3.
hlisdefined as
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h2 has the Fourier transform (sampling distance=1):

4+ 2 cos(u) + 2 cos(Vv)
(whereu and v are the spatia frequenciesin the horizonta and verticd directions)
Determine the coefficients of filter h3 and present it as an operator Smilar to hl

b) Find the Fourier transform of h3



Exercise5
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a) Assume O outside the image, and sampling freg. be 1.

Convolve theimage at the pixelsfilled with gray using the discrete approximation of the
Laplacian:
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b) Comment and interpret your results

¢) Determine the Fourier transform of the Laplacian above

d) Compute the magnitude of the transform you found &t the frequencies:
(p.0) and (p.p)

€) Comment and interpret your results



Exercise 6

a Animage with additive gaussan noise will be thresholded after a gradient operation.

Congdering the noise, the gradient image will be created in 2 steps, using two of the

following filters. Sdlect two of the kernels for the operation, and motivate your choice:
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b) Show how this 2- step filtering scheme can be replaced a single-step filtering scheme, by
using these 2 kerndsto create anew filter

¢) Compute the coefficients of this new filter kernd.

d) What are the characteridtics of this new filter in the frequency domain ?
(give the filter type or describe it with words)

€) Show that for a512x512 pixelsimage, the number of mul Show that for a 512x512 pixds
image, the number of multiplication operationsis lessif the filtering is computed in the image
plane rather than in the frequency domain, given that the number of nonzero coefficientsin
the kernd islessthan 40.



Exercise7

a) Derive and plot the Fourier transform of thefilter defined by the operator below:
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b) Apply thisfilter to the input image below and compute the result (assume zeros outsde the
image, and round to nearest integer):
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c) Apply a 3x3 median filter to the same image and compute the result

d) Comment upon the result of b) and ¢) and mention one advantage and one disadvantage of
the median filter as compared to the mean filter.



Exercise 8

a) Show that gpplying the Laplace operator shown below to an image is equivaent (with
except for aproportiona factor) to localy subtracting afive point mean from the each
origind vaue of thet image
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b) Show that loca thresholding of an image can be replaced by globa thresholding if the
image has been filtered by a Laplace operator fird.

C) In optical microscopy, let fik be the 'true’ image of a substance at depth k. Give apossble
way to obtain fi given that we have access to the digitized non-ided unfocused images g,

Ok-1, and Gk+1-



Exercise9

a) Assume that we apply alinear filtering two times consecutively. Show that 2 lineer filters
with impulse response h1 and hp applied consecutively can dways be replaced by afilter hg

b) Compute hg given that hy = hp and have the form given below:

) The output should in fact be in the form:
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What is k meant for and what vaue should it have?

d) Assume that we would like to detect verticd edges in an image corrupted by noise. Give
and motivate your choice for a 3x3 filter that would be applied before edge detection



