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Assignment T5 Dithmar (2031259)

5.1 Derivative Filters

a. The equation system looks as follows:

h2 h3 h4
fioa = fi= 2hf AT = S [ 16 [ 4+ O()
4 2
— fi_thi‘i‘Qthi,_§h3f£/,+§h4fi””+0(h5)
1 1 1
fi_l — fz . h/fl/ + 5thZ// . 6h3fi/// + ﬂh/éLfi//// + O(h5)

fi = fi
1 1 1
fir1 = fi+hf/+ §h2fi” + 6h3fim + ﬂh4fi”” +O(h?)
h? h3 ht
fiva = [fi+2hf]+ 4§f1‘ﬂ + 8€f1‘m + 16ﬂfi”” +O(h)

4 2
= fit 2hfi+ 20+ S 4 S+ O(RY)

=0-fi+1-fi+0-f'=asfiotaifii+aofitaifi+ asfize

If you rewrite this, you get the following:
4 2
= a_s- (fi —2hf] + 20 f — ghgfi/// + §h4fim/ + O(hs))

1 1 1
b (i bl IS = G G+ O0))
+ao - fi
1

1 1
bar (AL QIR G Gt A+ 0 )

4 2
+a - (fi + 2hf! + 2R* fI + ghi”f{” + §h4f;’” + O(h5))
= (Oé_g +a_ 1 +ag+ o + Oég)fz‘ + (—20{_2 —0_1 + o1+ 20&2)hf2/

1 1
+ (20(2 + 50471 + 50&1 + 20(2) h2-fi”

4 1 1 4
+ (—5042 — 60671 + 60&1 + 5062) hgfim

2 1 1 2
o o i = h4 n OhS
+(3a2+24a 1+24a1—|—3a2) "4+ O(h°)
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This leads to the linear system of equations:

111 11 ay 0

-2 -1 0 1 2 oy +
1 1

PR S T B I Bl B

I I A B W ’

5 u 0 21 3 a2 0

b. As in the script, I extend the Taylor expansion by one degree:

4 2 4
fi72 — fz _ 2hfi/ + 2h2fi// o §h3fi/// + _h4fi//// o 1_5h5fi/m/ =+ O(h6)

3
1 1 1 1
) — o / _2(/__3(// _4(///__5(//// 6
fl*l fl hfz+2h’ fz 6h fz +24h’ fz 120h fz +O(h’)
fi = fi
/ 1 2 en 1 3 g 1 4 pnn 1 5 pimn 6
fir = fit hfi+ Wi+ WS+ WL+ ool +O(h”)
4 2 4
five = Sk 2flF 203 f) A Gh Y S T O()
Using the filter mask, one gets:
1

F(2—4+4— 2R

4 4 4 4
= - . h3 "m
+( 37373 3) /i

2 1 1 2
I - = h4 mt
(5-5rg3)n

4 1 1 4
= . - h5 mnn
+( 515 15 w) Ji

+Om%]

1 2
= Ton {12}1]‘“}/ - ghsfz‘m// + O(h6)}

1
/A r_ —h4 "m0 h5
fi = fi—gh' 1"+ 0w’

The order of consistency for this approximation is 4.

c. If I want to approximate a derivative of order d with n points, it must
be that n > d.
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For a value j, where j # d and j < n, all the coefficients in front of
h? fl-(j ) are 0 (this is also the case in part b.). What remains is h? fi(d)
and A" fl-(") with their respective coefficients.

The order of consistency is therefore n — d. If you compare this state-
ment with my solution of part b., you see that it is true, since we have
order of consistency n —d =5 —1= 4.

5.2 Hough Transform
a. First of all, I have to state the five trigonometric curves which belong
to the five points given.
1. (=1,1): d= —cos¢ +sing
2. (2,0): d=2-cos¢
3. (3,1): d=3-cos¢+sin¢
4. (1,3): d=cos¢+3-cos¢
5. (0,2): d=2-sin¢
Now I try to find the points which are on a line by using equality:
1. =2
—cosp+sing = 2-coso
sing = 3-cos¢
1.=3.
—cos¢p+sing = 3-cos¢+sing
4-cosp = 0
1. =4.
—cos¢p+sing = cos¢+ 3-sing
—cos¢ = sing
1.=5.:
—cosp+sing = 2-sing
—cos¢p = sing
It follows that the points (—1,1), (1,3) and (0,2) belong to the same
line.
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b.

5.3

Since

The equation for a circle looks like this:
lz—al*+|y—b>—r*=0

where (a, b) is the center and r the radius of the circle. For this exercise,
we have r =2 = r? = 4.

I will now look at the different points:

—1,1): |z + 1P+ y—12 =4

)iz =22+ y—0]*=4

)iz =32+ |y—1*=4
):
):

2,0
3,1
1,3
0,2

1. (
2. (
3. (
4. ( lt =12+ |y —3]*=4
5. ( |z — 0>+ |y — 2> = 4

As one can easily see, the points 1, 3 and 4 belong to the same circle
with radius 2 and the center point (1,1).

Cooccurrence Matrices

d=(—1,-1)", we have to look at the upper left neighbor.

30
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