
Examination in
Digital Image Processing, TSBB08

Time: 2015-10-23, 14.00-18.00

Location: TER4

Examiner: Maria Magnusson will visit the classroom at 15.00 and 16.45,
tel. 281336, 073 - 804 38 67

Permitted
equipment: Calculator: basic, scientific or graphing with empty memory

OH-film

Dictionaries:
English to Swedish/German/French/Italian/Spanish/Chinese etc.

The following tables:
0) “Formula collection for Digital Image Processing” (supplied)
1) “Formler och tabeller” by Söderkvist
2) “Formelsamling i Signalteori” by Henriksson/Lindman
3) “Tables and Formulas for Signal Theory” by Mikael Olofsson
4) “Beta”
5) “Physics Handbook”
6) “Transformteori sammanfattning, formler & lexikon”

by Kurt Hansson
7) “Formelsamling för Signaler och System”

by Lasse Alfredsson (Color: Light blue/pink)
8) “Formelsamling för Fourieranalys” (Color: Orange)

Grades: 21-30 points : grade 3
31-40 points : grade 4
41-50 points : grade 5

Posting date: The grade list will be posted by 2015-11-09

No. problems: The examination contains 7 problems
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1 The 2D Fourier transform and its theorems (6p)
a) Below you can see the “Mickey Mouse” image f(x, y) and the absolute

value of its Fourier transform |F (u, v)|. In addition, g(x, y), a scaled and
translated version of f(x, y) is shown.

f(x,y)
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g(x,y)

-50 0 50

-50

0

50

What is the absolute value of the Fourier transform of g(x, y), i.e. |G(u, v)|?
Choose one of the images below, a) - f), and justify your choice with a brief
statement in which the words Translation theorem and Scaling theorem is
included. (3p)
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c) |G(u,v)| ?
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d) |G(u,v)| ?
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e) |G(u,v)| ?

-0.4 -0.2 0 0.2 0.4

-0.4

-0.2

0

0.2

0.4

f) |G(u,v)| ?
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b) Mickey Mouse is composed of three circular boxes, located at (x, y) =
(0,−7), (18, 20), (−18, 20) with radii equal to 21, 11 and 11.
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The Fourier transform of a circular box

c(r) = Π(r), r =
√
x2 + y2,

is

C(ρ) =
J1(πρ)

2ρ
=
π

2
Jinc(ρ), ρ =

√
u2 + v2,

where J1 is the Bessel-function of 1:st degree. Calculate the Fourier trans-
form of Mickey Mouse expressed as a combination of Jinc functions. (3p)

2 Downsampling a factor of 2 (7p)
Suppose that the sample distance of an image is ∆ and that the image is going
to be downsampled so that the sample distance will be 2∆. The downsampling
can be performed one-dimensionally, first in the x-direction and then in the y-
direction. The ideal convolution kernel for downsampling a factor of 2 is
(1/2)sinc(x/(2∆)), sampled at k∆, where k is an integer. When applied, the
kernel performs low-pass filtering. The disadvantage is that the kernel is infinitely
long.

a) Why is it necessary to perform low-pass filtering before downsampling? (2p)

b) A very simple convolution kernel for downsampling a factor of 2 is based
on the triangular function, with the same width as the main lobe of
(1/2)sinc(x/(2∆)). It must preserve the local mean in the image. Deter-
mine this discrete filter kernel, se below. (2p)

? ? ?

c) Describe how downsampling a factor of 2 in the x- and y-direction can
be performed by using the convolution kernel in b), i.e. describe what is
happening at the white arrows in the figure below. Specify when it is appro-
priate to throw away pixels. Try to do it as efficient as possible. (3p)

Original image After downsampling
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3 Color (6p)
a) Suppose additive color mixing. What is the result of mixing equal amount

of red, green and blue?

b) Suppose subtractive color mixing. What is the result of mixing equal amount
of red, green and blue?

c) Color printing is a mixture of additive and subtractive color mixing. Often,
the CMYK color model is utilized. Which color corresponds to K?

d) See the figure below that shows the absorption of light by the cones in the
human eye. Suppose that a person is exposed to light of wavelength 555nm.
Which color hue does the person experience?

e) Suppose that a person is exposed to equal amount of light of wavelength
515nm and 595nm. Which color hue does the person experience? Is this
color more or less saturated than the color in d)? Motivate your answer.

f) Suggest a combination of 2 wavelengths that give the experience of ma-
genta.

700 nm400 450 500 550 600

Green Red

515 555 595

455 535 575495

Blue
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4 Watershed segmentation (6p)
a) The figure shows an experiment from one of the laboratory exercises. There

are three round “waterholes” originating from “cell kernels”. An extra
square waterhole has also been inserted. The “landscape” was made from a
limited distance map. The watershed result is shown to the right.
Explain why it is necessary to insert the square waterhole and what happens
if it is removed. (3p)

b) The original image to the left shows dark objects that are going to be seg-
mented. To the right is result of the watershed algorithm overlaid on the
original image. In this case an intermediate step calculating the magnitude
of the gradient was also used. Explain the utility of that step and why it was
necessary. (3p)
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5 Image restauration (9p)
Suppose that an image f(x, y) has been exposed to a known degradation:

g(x, y) = h(x, y) ∗ f(x, y) + n(x, y)

G(u, v) = H(u, v) · F (u, v) +N(u, v)

H(u,v)

f(x,y)

F(u,v)

f(x,y)

F(u,v)

N(u,v)
n(x,y)

restoration
g(x,y)

G(u,v)

h(x,y)

One way to perform the restoration is to use constraint least squares filtering:

F̂ (u, v) =
H∗(u, v) ·G(u, v)

|H(u, v)|2 + γ|P (u, v)|2

a) What is h(x, y)? (1p)

b) Which unwanted effect can happen if γ is set to 0? (2p)

c) Put dirac impulses on the filter below to obtain p(x, y). Then compute the
2D continouos Fourier transform P (u, v). (2p)

0 -1 0
-1 4 -1
0 -1 0

.

d) Is P (u, v) a low-pass (LP) or high-pass (HP) filter? What are the benefits
using this filter in constraint least squares filtering? (2p)

e) To estimate the strength of the noise function n(x, y), we mark a rectangle
in the image where there is no structures but noise. Suppose that the coor-
dinates (50, 50) and (100, 100) are corners of the rectangle. Give equations
for estimating the noise variance σ2

n. (2p)
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6 The structure tensor (8p)
Let

fx =
∂f(x, y)

∂x
≈ gx ∗ f(x, y),

fy =
∂f(x, y)

∂y
≈ gy ∗ f(x, y),

where gx and gy are derivative filters, e.g. the sobel filters. Below the sobelx filter
is given. For simplicity it is given unscaled.

1 0 -1
2 0 -2
1 0 -1

The structure tensor is a little 2× 2 matrix that can be computed in every pixel of
the image f(x, y). Its preliminary version is given by

T =

(
T11 T12
T12 T22

)
=

(
(fx)2 fxfy
fxfy (fy)

2

)
a) Then low-pass (LP) filtering is necessary to form the true structure tensor.

Explain why LP-filtering is necessary. (2p)

b) CHarris = detT − 0.05 · (trT)2 can be used to locate a certain type of
structures. Which? (2p)

c) Calculate fx, fy, fxfy, (fx)2, (fy)
2, of the little image below. Empty pixels

can be regarded as zeros, also regard pixels outside as zeros. (4p)

7



AID code:

f(x,y)

11 1 1

fx

(fx)^2fx fy (fy)^2

fy

If you like, you can hand in this paper to save your time!

7 Morphological algorithms (8p)
Morphological processing can be utilized to obtain the approximate convex hull
of an object. The full algorithm can be described as

X i
k =

(
X i

k−1(∗)Bi
)
∪X i

k−1, i = 1, 2, 3, 4, k = 1, 2, 3, ...

where F (∗)G means “G found a match in F” and ∪ means union. Moreover
A = X i

0, i.e. the original object. Then the preliminary convex hull C1(A) is
recieved by

C1(A) =
4⋃

i=1

Di,where Di = X i
k for k converging.

The final convec hull C2(A) can be recieved by “considering vertical and horizon-
tal directions”. Use the structuring elements Bi:

B1 =
1 - -
1 0 -
1 - -

, B2 =
1 1 1
- 0 -
- - -

, B3 =
- - 1
- 0 1
- - 1

, B4 =
- - -
- 0 -
1 1 1

where 0 is the center of the structuring elements.
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AID code:

a) What is the convex hull of an object? Draw an image to explain. (1p)

b) Fill in the images below! (5p)

0
1A=X 1

1X X 1
2

X 1
3 C1(A) C2(A)

c) Perform dilation of the 3 points below as indicated; 2 times with d(4), 2
times with d(8), and 1 time with d(oct). Then mention which structuring
element gives the most symmetric dilation. (2p)

(4)d d d2 times2 times 1 time(8) (oct)

If you like, you can hand in this paper to save your time!
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