
Examination in

Digital Image Processing, TSBB08

Time: 2011-10-17, 14.00-18.00

Location: U7, U10, U11, U14

Examiner: Maria Magnusson will visit the classroom at 15.00 and 17.00,
tel. 177786, 281336, 073 - 804 38 67

Tables, etc: Calculator, OH-film
and 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

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 2011-10-31

No. problems: The examination contains 7 problems
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1 Resampling and interpolation (8p)

a) The ideal sinc function for resampling (not downsampling) is

sinc (x/Δ) =
sin (πx/Δ)

πx/Δ
.

This function can be truncated by a cosine window to obtain a rather good
interpolation function for Δ = 1:

h(x) =

{
sinc (x) · cos (πx/6) , |x| < 3,
0, elsewhere.

Use this filter to interpolate the pixel marked with ? in the figure below. (3p)
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b) Which is the ideal sinc function for downsampling a factor of 2? (1p)

c) Construct a discrete convolution filter to down-sample an image by a factor
of 2. Let it be an approximation of the ideal sinc function in b) above. Trun-
cate your filter so that it contains only 7 coefficients. (2p)

d) To use the filter in c) in 2D, you have two choices. You can either perform
downsampling in the horizonal direction first and then in the vertical direc-
tion. Alternatively, you can construct a 7×7-filter and downsample directly
in two dimensions. Compare these two stategies in terms of multiplications
per output pixel. (2p)

2 Thresholding with Bayes classifier (7p)

An image with a bright object and a dark background can often be thresholded to
a binary image. Assume that the histogram of the image can be modelled by the
sum of two weighted normal distributions,

p(f) = P0 · p0(f) + P1 · p1(f), where

pi(f) =
1√
2πσi

exp

[
−1

2

(
f − μi

σi

)2
]
, i = 0, 1.
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a) What is the purpose of P0 and P1? (1p)

b) Give a simple expression for how to find the optimal threshold f = T for
p(f). Include P0, p0, P1, p1 in your expression. (1p)

c) The least error method is an iterative method the compute the optimal th-
reshold f = T . Suppose that the histogram is discret according to the figure
below and that the i:th threshold value is f = T (i). The mean value μ0 is

then calulated as μ(i)
0 =

(∑T (i)

f=0 p(f) · f
)

/
(∑T (i)

f=0 p(f)
)

. Give a discrete

equation that shows how to compute σ
(i)
1 . (2p)

N0

p(f)

f

T(i)

d) Bayes classifier can be extended to more dimensions. The following equa-
tions are utilized in the method,

dj(x̄) = −0.5 ln |C̄j| − 0.5(x̄− m̄j)
T C̄−1

j (x̄− m̄j),

m̄j =
1

Nj

∑
x̄∈ωj

x̄, C̄j =

⎛
⎝ 1

Nj

∑
x̄∈ωj

x̄x̄T

⎞
⎠− m̄jm̄

T
j .

See the figure below. The black dots are sampled from class zero and the
white dots are sampled from class one. The Bayes decision surface is also
indicated in the figure. Now, calculate m̄1 and C̄1 for the white dots. Then
describe (you do not have to calculate) how Bayes decision surface is obtai-
ned from the equations above. (3p)

x1

(1,0,0)

x2

(1,1,0)

(0,0,0)

(0,1,1)(0,0,1)

(0,1,0)

Bayes decision surface

x3

(1,1,1)(1,0,1)
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3 Morphology, connectivity and distance maps (10p)

a) See the figure I(x, y) below, which contains 4 binary objects.

I(x,y)

Before further processing and measurements on the objects, it can be valu-
able to fill the holes in the objects. Hole filling can be performed according
to

H =
[
RD

G(F )
]C

where

F (x, y) =

{
1− I(x, y), if (x, y) is on the border of I(x, y),
0, otherwise

and

G = IC .

Note that

RD
G(F ) = D

(k)
G (F ) when

D
(k)
G (F ) = D

(k+1)
G (F ) where

D
(1)
G (F ) = (F ⊕B) ∩G,

i.e. RD
G(F ) is the geodesic dilation iterated until stability. Use the d(4) structu-

ring element B:

B =

The task can be solved on the paper in the end of this examination, which
can be torned out of the exam, signed and submitted as solution. (4p)
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b) Explain the concept of connectivity. What is d(4)- and d(8)-connectivity?
Also discuss how the connectivity of the object relates to the connectivity
of the background. (2p)

c) Find the shortest path between the two points A and B in the figure below.
The black points are obstacles with d(4)-connectivity. Start by generating a
distance map in d(8)-metric. Then describe carefully how the path is gene-
rated. The task can be solved on the paper in the end of this examination,
which can be torned out of the exam, signed and submitted as solution. (4p)

B A

4 Color (3p)

a) See the figure below that shows the absorption of light by the cones in the
human eye. Suppose that a person is exposed to a combination of light at
two different wavelengths as:{

1W at 555 nm
1W at 400 nm

Which color hue and saturation does the person experience? (2p)

b) Suggest another combination of light, not including 555nm, which gives the
same experience as in a). Choose among the wavelengths indicated in the fi-
gure, i.e. 400, 450, 455, 495, 500, 515, 535, 550, 575, 595, 600, 700 nm. (1p)

700 nm400 450 500 550 600

Green Red

515 555 595
455 535 575495

Blue
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5 The Fourier transform of filter and image (9p)

See the filter below, the mid-point is marked with boldface.

0 0 0
0 1 0
0 0 0

− 1 2 1 /4 ∗
1
2
1

/4 =
? ? ?
? ? ?
? ? ?

a) Compute the values in the filter to the right. (2p)

b) Calculate the 2D continuous Fourier transform, F (u, v). Utilize the separa-
ted filter to simplify the calculations.

Hint: Set Dirac impulses δ( ) on every sample value. Also set the sample
distance to Δ. (2p)

c) Sketch F (u, 0) and F (0, v) in the interval −1/2Δ ≤ u, v ≤ 1/2Δ. What
kind of filter is this (LP, HP, BP, BS or derivative)? Why isn’t it meaningful
to sketch the filter outside the suggested interval? (2p)

d) Calculate the 2D symmetric DFT of the filter, FDFT [k, l]. Utilize the sepa-
rated filter to the left to simplyfy the calculations.

Hint: The formula is in the supplied formula collection. N and M are free
parameters and should be included in the answer. (2p)

e) Suppose that you have an image with a disturbing wave pattern and that you
have determined the sample distance Δ to 1mm. After 2D symmetric DFT,
M = N = 512, you notice a high peak at [k, l] = [16, 256]. Which spatial
frequency (u, v) measured in mm−1 does this peak correspond to? (1p)

Hint: Take help from b) and d) to get the relation between (u, v) and [k, l]!
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6 Edge detection (6p)

The Marr-Hildreth edge detector can be computed as follows:

• Apply a LoG filter to the input image.

• If the following condition below is true, the pixel is an edge pixel:
At least two opposite pixels in a 3x3 neighborhood must have different sign
and their absolute difference must exceed a threshold value.

a) Apply this small LoG (Laplacian of Gaussian) filter to the image below. The
mid-point is marked with boldface.

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

You only need to calculate the 9 values corresponding to the area inside the
dashed frame. (2p)

= 3

= 2

= 1

A

b) Let the threshold value be T = 1.5. Is the pixel marked with A an edge
pixel due to Marr-Hildreth? Motivate your answer carefully! (2p)

c) Marr-Hildreth’s as well as Canny’s edge detector provides thin one-pixel
broad edges. Suggest an alternative edge detection method based on the
sobel filters that also provides thin one-pixel broad edges. Describe it care-
fully! (2p)
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7 Pattern recognition and correlation (7p)

a) Common correlation (or actually cross-correlation) can be used to detect a
pattern p(x, y) in the image f(x, y). The result of the correlation is given by

(p�f)(x, y) =
∑
α

∑
β

p(α, β) · f(x+ α, y + β).

Why does this pattern recognition method sometimes not work well? (1p)

b) Correlation without local DC-level is an alternative. Give an equation for
this method and explain why this method works better than common corre-
lation. (2p)

c) Autocorrelation, i.e. correlation of an image with itself, is for example utili-
zed as pre-processing for Wiener filtering. It is very computational deman-
ding if processed as

(f�f)(x, y) =
∑
α

∑
β

f(α, β) · f(x+ α, y + β).

Implementation via DFT gives a considerable speed up. Give an equation
or flowchart for how this can be performed. (2p)

d) When calculating autocorrelation via DFT, circular correlation will occur.
How does this looks like in the resulting image? (1p)

e) How can the effects of circular correlation be avoided when calculating au-
tocorrelation via DFT? (1p)
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AID kod:

3 a) To complete and submit as solution

G

G=IC

D(1)F=F B GG BD F(1)
GBF

I F

C
H= G FD(3)BF(1) GD(2)F= DG BF(2) GD(3)F= DGG

3 c) To complete and submit as solution

B A
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