Exercise 1 (Hough transform)
the histogram (hit/hough/accumulaion) matrix is constructed:
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0
p/4
p/2
3p/4
For each point on a strong edge we find the lines that it may belong to:
For the point P1(2,2) andq :
0} r =2*cog0)+2*9n(0)=2 =>line[20]
p/d.  r =2*cod(p/d)+2* Sn(p/4)=2.8284~3 =>line[3p/4]
p/2.  r =2*codp/2)+2*9n(p/2)=2 =>line[2p/2]
3p/4: r =2*coy(3p/4)+2*Sn(3p/4)=0 => line [0,30/4]
So the hisogram matrix is updated as follows
-3 -2 -1 0 1 2
0 /
p/4
p/2 /
3p/4 /

Finding the possible lines and updating the histogram matrix for the remaining 5 points

3 2 1 0 1 2

0 T 7 T
pl4 / 11 / /

p/2 /] 7] / /]
3p/4 7 7 T 7

[ dentifying the two lines with the maximum number of hits
Line 1: [r 1,q1]=[2,0], Line 2: [r 2,02]=[0,p/4]
Examining the detected lines on the image with the drong edge points we obtan
agreeable results:
[0, x/4]




Exercise 2 (Moments)

m; = é é. ny(x’y)
Xy

m, = 3%+
14 +2X+3X4+4X +5X+
23+
1R+18+14 +
23
= 45

b) Image 1

|m69€2 ml,o =90
c) Centrd moments, invariant by trandation:
m;=aa x- x(y- yfxy)

Xy

where?zﬁ andg/: m

m0,0 mo,o

01

Imegel: m, =12
Imege2: m, =12



Exercise 3 (Moments& GLCM)

My

a & (x- xY(y-»% (xy)

a & (x- x)f(x,y)




Exercise4 (Moments & GLCM)

a) ~ _

m, =& & (x- X)(y- V(x.y)
Xy

- m
my, and y= 01
Moo My

where x =

b) They areinvariant to trandation

c)

00—1+2 30y
=24+32=8y P

— &
0,1—1>1+2>2 5,0 y A
m, =(2- 8/3)*(1- 5/3)*»1+(3- 8/3)*(2- 5/3)* 2 =18/81

Mg, =1+2=3 x=1Y
m, , = 34 +4 2= 11y p

My, =22 +3 2 8|O V:%
=(3- 11/3)%(2- 8/3)? A+ (4- 11/3)*(3- 8/3)* 2 =18/81

d)

00 —1+2 3 U ;_64.2_\/5

10_2>§_+(2+J_)>Q 6+2\/_y = 3
=14+ 2 =3 b y=1

) 6+2\/_ 6+2\/_

,=(2- 22X - )2 A+ (2+4/2- Y@- )2=0

e)
The central moments npg are aways invariant under trandation wheress they are not

invariant under rotation



Exercise5 (Moments& GLMCQC)

a) ~ _
m,=a & x- X)(y- y)f(x,y)

where X =0 and y= Moy
m0,0 m0,0
x=2andy =1
M, = 4
, ’ tm. =6
m, = 2'); m,+Mm,

b) It isinvariant under rotation

c) x and y will not be affected by the noise term

Mo = 4+2€j)
M= 2+aq) Mo tMe =64
27

4e<0.5b e€<0.5/4=0.125

d) The magnitude of the first harmonic should be zero

e) 2X2+3+1)+4xZx1=28

f) It is associated with low frequencies because most of the vaues are dong themain
diagond



Exercise 6 (GLCM)

a)
4 2 10 4100
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b) Texture andyds

c) horizonta direction: values are Soread out
vertica direction: vaues are concentrated on the diagona

d) Contrast & (i - j)*p(i )
¢)

(‘5" Q F(r,j )drd

This festure measures the energy in the low -frequercy range of the Fourier spectrum



Exercise 7 (Region representation)

Let e denote the error between data f(x,y) and mode g(x,y). By the least square solution,
we would like to minimize the squared error:

2 Q 2 o 2
e =a [fy)- gy =a [f(x.y) - & - ax- ay]

We determine the parameters ag, a1 and a2 by solving the fallowing equaions
& o 1o T
fla, fa, fla,

1
fig,

254 [f(x.y)- 8- ax- a,]

25 f(x.y)- 2§ a- 22, x- 23,3 y
0 0

Nao

a0 :%é f(x,y) (mean intensity)

(N isthe number of pixels)

2
"1% = 28 F(xy)- ax- ax®- axyj
= 2><é xf(x,y) - 2a1éx2- 23, é_ X- 23, é_ Xy
0 0
_axtxy) )if();’y) and similarly a, _ayfxy)

a x ay’

Notice that a1 and ap can be looked upon asfy and fy/', respectively, in theimage

region:
-1 01 -1 -1 -1
fo: -1 01 /6 f,, 0 0 0 /6
-1 01 1 1 1

The dope of the plane then equas the gradient magnitude:

&=y, +1



The orientation equals the gradient orientation:

q:arctan(fy'/f'x)=|&

Numerically, we obtain fy' and fy’ by convolving the image region with the operators
above:

f =(-17-15-10 +40 +30+ 26)/26 =54/6
f, =(-10-16 - 26 +17 + 23+ 40)/6 = 28/6

|G| 9.3 (grayscale units per length unit)
g30°



Exercise 8

a Afxy)f(x-ay-b
Xy

r(ab) = by
’ (L, - [, - |b)) aafixy)
Xy
16
(L0) = (L2+1+13+18) »0.24
1266
[(2.0) = (3R+3R+2:8+2:8) 2 »0.86
856
a) 16
(3,00 = (3+3+2+2) »0.71
4556
(01 = (1+9+4+1+6+6+1+4+9) 16 o098
1256
[(02) = (1+6+6+1+6+6)—° »003
856
16
r0,3) = (L+6+6) »0.93
4556

b) The autocorrdaion function drops off more quickly in the horizontd direction which
means we have higher frequencies

C) Horizontal Verticd

[0 1 2 3 o 1 2 3
0|0 O 4 4 0O |6 0 0 O
1/0 0 2 2 1 10 6 0 O
214 2 0 O 2 [0 0 4 2
314 2 0 O 3 |0 0 2 4

d) The CLCM computed for the horizontd direction has alot of vaues outsde the
diagond: high frequenciesin the horizontd direction. Viceversafor GLCM computed
for the verticad direction.

e) Contrast:
Horizontdl diredtion: & & (i- j)?p(i.j) = (24 +324+ 122+ 22(R)[2
i
= (4A4+9U+ 12+ 422
=(16+36+2+8)2
=124

Vertical direction: aai-ijipij=1"2+22=4
i



Exercise 9 (GLCM)

a)

p.(X) 0 Prob[u=x] » number of pixels with graylevel x

total number of pixelsin the region

b)
Pu(5)=3/8

C)
Py, v, (X1, X,) O Prob[u, = x, u, =X, ] »

number of pair of pixelsu,=x,, U,=X,
total number of such pairs of pixelsintheregion

d)
Pue(26)=1/9
(there are 9 such pixd pairs out of which only one with w=5 and up=6)

e)

Sacond order joint probabilities:

Ol

Contrast® & & (X,- X,)’ Py, u, (X1, X3)
xl XZ

=32 X +3%°x =15
or A if the matrix is normalized

f) Autocorrelation and features from the Fourier domain

Exercise 10 (GLCM)



8  GLOM for ds=L
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The appropriate feature should be contrast é (i- )?p(i.j)

Image 1:

2X1° Q)+ 2X1°x3) =8

Image 2:

2X1% )+ 2422 Q) + 2X(3%8)+ 2X1°x2) +2 X2 ) + 2X(1*x3) =90

r2j 2
b) A suiteblefeatureis ygyF(r,j )drdj i.e. we compute the energy in a segment of the
r1jl

spectrum

¢) No, the autocorrdation function does not cover spectra magnitude and phase
smultaneoudy

d) Sum up the vaues dong diagonds pardld to the main diagond

0

w = N

w

w N O
R N -

e) Contrast:



(2294 + 3 X4 +1° xR+ 2°x2) R

aa-iyed

(4X4+9x4+ 1R +4X) R
(16+36+2+8) xR
124

Horizontd direction:

Vertical direction: A ai-ipij=1>2+Ex2=4

J



Exercise 11

saknas



Exercise 12

pointer o previons column
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Exercise 13 (Moments)

m,=a & x- x)(y- y)f(x,y)

Xy

I’nl,O and;lz mo,1

0,0 mo,()

where x =

me=a a (x- x)*(x,y)
Xy

- 2+3a
X =
1+a

,.2 2
:%- 2+3a9 +%- 2+3a9 )a:g
o Tvas & 1+as o 3
,(2+2a- 2- 33)° +Qa>(3+3a- 2- 3a)? _
(1+a)* (1+a)®

@' -1)p 3a*+3a=2(1+a)’ P a*-a+2=0p a=2

2



