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• Read carefully through the complete exam paper before starting to solve the
exercises. Make sure that the set of exercises is complete before you start. If you feel
that some information is missing, you may make your own assumptions, as long as
they are not contradictory to the “spirit” of the exercise. In such a case, you should
make il clear what assumptions you have made.

• Try to give an answer to all exercises. If you feel that you are getting stuck at some
questions, proceed so that you at least give a brief answer to all questions.
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1. Quantization and histogram operations

a) Assume that we start with B bits per pixel in a digital image. If we then reduce the
number of bits per pixel by two (from B to B-2), how many quantization levels will
we loose?

b) Assume that we have quantized by B = 4 bits per pixel,
using a quantization as illustrated in the figure to the
right, where 16 gray level intervals are mapped to 16
levels. We assume a uniform distribution ofgray levels.
Then assume that we reduce the number of bits per
pixel by two.
For what fraction of the pixel values wilI there be no
change in the quantization error?
Illustrate by a figure! ______________________

c) Assume that we have an imagefwith gray tone scale OS is (G -0. where G = 16,
and that the normalized histogram is given by

r o
2/G i ≥G/2

Sketch the cumulative normalized histogram of the imagef

d) Assume that we have an imagef(x,y) with B bits per pixel. We produce a binary
image g(x.y)~~2onsistsofffiemostsinific~tbi1aneintheim~gef
which simple image processing operation does this correspond to?
You may weIl describe it by an equation / formula!
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2. Convolution

a) You are given the following convohition operator:
O=_(A*A*BT*BT + AT*AT*B*B)

A=[1 0 —i], B=[l i i]

What operator is 0, and what is it used for?
Use properties of convolution to state the reason for your answer without actually
performing the convolution!

h) How big is the filter matrix 0 above?
State the reason for your answer without performing the convolution!

c) If we make a filter by multiplying a 2-D low pass Gaussian filter G(x,y) by a 1-D
cosine function Cos(x), a trace through the filter along the x-axis may bok like
this:

I Cosin. --Gaus, —Filtor I

L~Ç7V3
The filter will have several minima and maxima with decreasing amplitudes on
each side ofthe central peak.

Which theorem from the cuniculum can be used to explain that the Fourier
transform ofthis filter has only two maxima?
Explain how you use the theorem in this case.
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3. Median filtering and Huffman coding

Given a 3 bits gray level image having 5 x 5 pixels:

2 2222
21112
21556
21556
22666

a) This image is to be filtered by a 3x3 pixel median filter.
We assume that only pixels where the image and the filter overlap completely are
to be computed. What is the result?

b) Perform a median filtering of each bit plane ofthe original image, and produce a
new gray level image. Is the result the same?

c) Show how to perform a Huffman coding of the original image,
and find the average number ofbits per pixel ofthe coded image.

d) Is it possible to get the same code tree and codebook using Shannon-Fano codiug?
Give a reason for your answer!

4. Thresholding of gray levd image

In a 3 bit gray level image of size 64 x 64 pixels
the background consists ofvertical stripes that
are 8 pixels wide. The intensity of the stripes
increase from left to right, from 0 to 7, as
illustrated in the figure to the right, which only
shows the background in the image.

Onto each ofthe four central stripes are placed
objects that constitute 1/2 ofthe area ofthe
stripe, and that are one gray level brighter than
the background.

a) Sketch the normalized histograms ofbackground and object pixels in the
image.

b) Sketch the normalized histograms scaled by apriori probability.

c) Explain why we here have neither a unique solution to whether we need one or
two thresholds to achieve a minimal total segmentation error by thresholding,
nor a unique solution to the placement ofthe threshold(s).
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5. Morphological operations

Given the imagefwhere the object pixels are gray:

•• •n•

I......
and the strueture element 5

I.

I.
a) Sketch the result after a dilation offby 5.

b) What is the result after repeated dilations off by 5?

c) Below you see two images, an original and a filtered image. The filtered image is
produced by performing a morphological operation on the original image, using a 3x3
structuring element. Which morphological operation has been performed, and what
does the 3x3 structure element bok like? Give a reason for your answer.

_______fl__________ ___________________
________________ __ ___________________
__ —— __ __ __ __ fl

__ __ —— ——
— __ __ __ __
__ ____ _. __
__ __ ____ __ _______s_ _____ __ __.__ ___._ ___——— _____ _____ ___
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__________.__fl____ ___________________
___________________ _________________._

Original Filtered image
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6. Color images and color spaces

An 8 bit gray levd image (having G=256 gray levels) is being displayed using an
RGB pseudo color table where the R, G and B components are as shown in mc
figure.

a) Which color will pixels having gray levd G/6 be displayed as?

b) Which color will pixels having gray levd 2G/3 be displayed as?

c) Can you describe how the colors will change as the gray levd goes from 0 to 255,
i.e., what mc color table looks like?

d) If you draw an RGB cube, what parts of the RGB cube will the color table cover?
Illustrate by drawing a figure!

Good Luck!
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