Boundary detection & region
representation, texture analysis



Exercise 1 (Hough transform)

After performing edge detection on a 4x4 image suspected to contain a number of draight
edges or lines, 7 pixels were found to lie on sufficiently strong edges, their coordinates are:
(2,2,(2,1),(2-1),(2,-2),(1,-1),(-2,2), and (-2,-2)

The equation used to describe alineis:

x cos(q) +ysin(q) =r

where X,y are the coordinates of a point on the line and the parameters g and r are defined as
inthefigure

You are required to detect the two strongest lines in the image using the Hough Transform
([r 1,01] and [r 2,02]).

Note: Use the following quantized vauesfor r and q , respectively:
[-3-2-10123]and [0 p/4p/2 3p/4].



Exercise 2 (Moments)

a) Define the moments of order i, of the function f(x,y)

b) Determine numericaly the moment of order (1,0) for the 2 images below:
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c) If your solution in b) is correct, you can see that you get different vaues dthough the
object in the two imagesis one and the same.

Suggest amodified verson of the momertsthat in this case will give the same numericd
vaue for the moment of order (2,0) and determine this value



Exercise 3(Moments & CLCM)

Show that the centrdl moments M g and np, 1 dways are invariant and equals to zero



Exercise4 (Moments & GLCM)

The moments of order i,j of the function f(x,y) are defined as.

m; ; :é é. xyt(x,y)
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a) Define the centrd moments
b)Why are they more ussful ?

) Determine numerically the centrd moment np 2 for object 1 specified below and for
the same objects but shifted one pixd in the x and y directions respectively:
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d) Also compute moment np 2 for object 2 which isarotated version of object 1. Notice that
in object 2, in order to keep the distance between object points identicd, the pixel with vaue

2 has x-coordinate 2+J§
01 2 3

€) Explain the results you get in ¢) and d)



Exercise 5 (Moments & GLCM)

a) Consider the image below and compute the sum of the centra momentsnp o + np 2:

0123
0 1
1 2 3 2
2 1
3

b) Why may this sum be an interesting region fegture?

¢) Assume that each pixel vaue of the image is subject to additive noise which magnitude
equas e. Determine the largest vaue of e that does not affect the numerica vaue of the
feature np 0 + NP 2. The pixel values are assumed to be real but the value of the feature

should be rounded to nearest integer.

d) Using Fourier descriptors based on the radius versus angular representation, how can you
ensure that you have chosen the optima midpoint?

€) Compute the contrast feature of the GLCM (Gray-Level Cooccurence Matrix) below:
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f) Isthis GLCM associated with high or low spatia frequencies? Mativate your answer.
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Exercise 6 (GLCM)

a) Construct cooccurence matrices (second-order joint probabilities) for the image below.
Takethedirections 0, p/4, p/2, 3p/4 and the distance |d|=1 into account:
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b) Describe an application area for cooccurence matrices

¢) Describe the characteristics of the cooccurence matrices, given an image with high
spatid frequenciesin the horizontd direction and low frequenciesin the vertica direction

d) Define a cooccurence matrix festure capable of discriminating low-frequency images from
high-frequencies images

€) Describe a Fourier-based feature for the same task asin d)



Exercise 7 (Region representation)

Congder the 3x3 image region below. There is reason to believe that the region may be
modeled by alinear plance. Apply aleast square solution to find the parameters of this plane:
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Also, use the numerica vaue of the plane parameters to determine the dope and orientation
of the plane.
Hint: the equation for alinear plane can be written:

gx,y) =ag + aix + agy



Exercise 8 (GLCM)

An image (see below) is analyzed with respect to its spatid frequencies in the horizontal and
vertica directions, respectively:
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a) Determine the autocorreation function r(ab) for the lags (a,b) = (1,0), (2,0), (3,0), (0,2),
(0,2), and (0,3)

b) Interpret the results and describe what in generd can be understood from the
autocorreation function

c¢) Construct cooccurence matrices (2”0I order joint probabilities) for the sameimage asin a).
Use the appropriate directions (for this problem) and the distance [dj=1

d) Interpret the results and describe what in general can be understood from the cooccurence
matrices

€) Apply a quantitative texture festure extracted from the matricesin c) and describe
numericaly the difference asit comes to spatid frequencies in the horizonta and vertica
directions



Exercise 9 (GLCM)

A 2-bit 4x4 image region is given by:
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Let u be arandom variable representing agray leve in agiven region of an image.

o~ 01 b~
A 0101 O

a) Define p, (x) O Prob[u = X]

b) Compute py(5)

¢) Define the second order joint probability
Pu, v, (%5 %) 0 Prob[u, =x,, U, =X,

d) Compute py1,u2(5,6) if up=u(m,n) and  up=u(m+1,n+1) (no symmetry required)

€) Compute the texture feature contrast from the second order joint probabilities

f) Second order joint probabilities are useful in texture andysis. Mention two other common
texture andyss methods (no mathematica definitions are needed)



Exercise 10 (GLCM)

Two images will be compared with respect to the amount of high spatia frequenciesin the
horizonta direction:
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a) Apply acooccurence matrices (second order joint probabilities, horizonta distance |d|=1)
including an gppropriate feature to carry out this comparison in a quantitative way

b) Describe in principle how the Fourier transform can be used for solving the same task asin
a) and define a suitable Fourier-based feature which can be used for asmilar quantitative
comparison

¢) Two images have identical autocorreation functions. Do these images have do be
identicd? Motivate your answer.

d) Describe how we can extract afirst order grayscale difference statistic from the
cooccurence matrices



Exercise 11 (GLMC & Fourier spectrum)

On the next page you can see nine images. Images labeled a, b, ¢ depict peebles, bark and
straw, respectively. Then you see pictures of the second order Statistics captured by GLCM
for ahorizonta distance of one pixel. The brightnedd corresponds to the value of the GLCM
elements. The next images illugtrate the amplitude of the Fourier spectrum.

a) Find for each labeled image its corresponding GLCM and Fourier spectrum images. Y ou
get 1 point for each correct match, and 1 extra point per image if you provide an appropriate
moativation. But you lose the points for that set of image if you provide awrong motivation!

b) Use the two images below to show that the autocorrelation function is not necessarily a
unique representation of an image:




Image 1 Image 2
3 10 3 1609

c) For the image below, compute the vaue of the GLCM texture feature useful for
discriminating between low and high frequenciesin the horizonta direction
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Exercise 12 (Dynamic programming)
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Given the 4x5 pixelsimage below,

Use dynamic programming to derive the optimum continuous line P with the following
criteria

-Pisaraw vector composed of 5 pixels

-P minimizes the function below:

5 5
f(P) =" é (Cgrad(px) +Cint(px )) + é. Ccont (px ) px-l)

x=1 x=2
(Py.-,ps | P)
where:
610
Cgrad iscomputed using operator ~ g0| 3
2 A0
& 1t
Cint is computed using operator A
élu

)t

i.e., the average of two adjecent pixelsin the vertical direction

Ccont iscomputed using (Dy)” , where Dy isthe difference of y coordinates of two
adjacent pixeson theline

Tip:  for the computetion of Cgrad and Ciry, a border pixels, add extrarows[31 12 2] and
[12121] ontop and bottom of the image, respectively



Exercise 13 (M oments)

The centrd moments p o for the object below equals 2/3. What isthe value of the pixel at
(x=8,y=1) ?
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