T-61.5070 COMPUTER VISION, Exercise 9/08
1.

The Euler number (Sec. 6.3.1, p. 256), E, defines a topological property of an image: it is the
difference between the number of connected components, C, and the number of holes, H.

E=C-H. (1)

The Euler number is a rather general descriptor but as an additional feature it is often useful
in characterizing regions in a scene. The Euler number is not affected by rotation, stretching,
or scaling. This property is useful in character recognition, for instance. Fig. 1 shows four
character images with different Euler numbers.
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Figure 1: Topological description with the Euler number. (a) E=1-1=0. (b) E=1-2=—1.
()E=1-0=1(d)E=2-0=2.

2.

Moments are defined by

mi = > @'y f(x,y). (2)
z oy
A center of gravity is expressed by moments:

_ Y. xf(x,y) _ "o 3)
Y2 f(zy) moo

Yo = > 2 yf(z,y) _ Mo
Y2 f(zy) moo

To

Central moments are defined by

pig = > > (@ —0)'(y —y0)' f(=,9). (5)

They can be expressed as moments as shown in the following examples:

Moo = ZZf(!L",y) = Moo

po1 = 2> yf(x,y) = > > yof(x,y) = mo1 — (mo1/moo)moo = 0

pio =Y > wf(x,y) — > > xof(w,y) = mio — (m10/moo)moo = 0 (©)
Hi1 = mi11 — m0177110/moo

H20 = Moo — m%o/moo

Ho2 = Mo2 — m(2)1 /moo-
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3.

PCA (principal component analysis) -transform is given by
y =A(x —my) (the rows of A are the eigenvectors of Cy)
Mean:

1 M
my — M};Xk

Covariance matrix:
| M
T T
Cyx = i kg_l XpXj, — MyMy

The mean of the six sample points is now

m _1 —-2-1+0+0+1+2Y\ (O
* 6 0+2+3+14+2+4 ) \ 2
and the covariance matrix is

1/ 44+1+04+0+1+4

c. 1t 0-2+0+0+2+8
*T6\0—-24+0+0+2+38

(0 0\ _[5/3 4/3
0+4+9+1+4+4+16 0 4 ) \ 4/3 5/3
Then we calculate the eigenvalues and eigenvectors of Cy:
5/3 4/3 €1 — )\ €1
4/3 5/3 €;2 o €;2

The solution is obtained when |Cx — M| = 0,

Cxe,- = )\,-ei

5/3— A
4/3

4/3

5\ .5 , (4 5 10

3 3



Next we calculate the eigenvectors

- a-(3). o= (8)

The transform matrix A is thus

(- 1)

a) Transform 2-dim = 1-dim: the transform matrix is the eigenvector that corresponds to the
largest eigenvalue:

A=el =(1/vV2 1/V2)

The average error is R = Ay = 1/3.
The transformed points are:

yi=Alx—my) = el (x —my) = (1/V2 1/V2) < ) ) NG

Y2 = —V2/2, ys = V2/2, ya = —v2/2, y5 = V2/2, ys = 2V/2.

b) The six sample points and the region spanned by them is shown below.

4.5

ar : : Lok
- /
-7 /
35¢ : R FRRA
Pad /
-7 /
3r il /{
7 /
L. N 7. N Lo
25 . ,
, /
2f i /7%
/ 7
/
15 ’
/
/
1F 7 N //*/
/ i
/ e
05} ’ sz
/ e
///
of *

035 2 15 1 05 o 05 1 15 2 25
The elongatedness of the region can be obtained straight from the eigenvalues A\; and Ay. Since
they correspond to variances of the sample points along the principal components, the elongat-
edness is obtained from their ratio:

v [3 o,

Ve \[1/3

So the elongatedness is now 3:1. (The square roots are needed to obtain the standard deviations
from the variances.)
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