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Ubersicht

Grundlagen: Bézierdarstellung und de Casteljau
Grad-Reduktion und Bestapproximation
Die QuadClip und CubeClip Algorithmen

Experimentelle Untersuchung
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Bézier-Clipping

p=25X>-35X*-15X3+40X2-15X +1
= 180,5(X) - 251,5(X) - 182'5(X)
+ 2583,5(X) + OB4,5(X) + 155’5(X)
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Bézier-Clipping

p=25X>-35X*-15X3+40X2-15X +1
= 180,5(X) - 251,5(X) - 182'5(X)
+ 2583,5(X) + 084,5(X) + 155’5(X)
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Bézier-Clipping

p=25X>-35X*-15X3+40X2-15X +1
= 180,5(X) - 281,5(X) - 182'5(X)
+ 2583,5(X) + 084,5(X) + 155’5(X)
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Algorithmus von de Casteljau fur 0.5
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Algorithmus von de Casteljau fur 0.5
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Algorithmus von de Casteljau fur 0.5
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Algorithmus von de Casteljau fur 0.5
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Intervallhalbierung mit de Casteljau

p=25X>-35X*-15X3+40X?>-15X +1
=1Bo5(X)—2B15(X) - 1By5(X)
+ 2.533,5()() + 034,5(X) + lB5y5(X)




Intervallhalbierung mit de Casteljau

p= ].Bo)5(X) - 0.531,5(X) - 132,5()() - 0.6875835()()
—0.1875B4,5(X) +0.21875B5 5( X)
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Intervallhalbierung mit de Casteljau

p=1Bgs5(X)+0.25B1 5(X)—0.25B,5(X) —0.523438 B3 5(X)
—0.621094B4,5(X) —0.59668B5,5(X)
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Ubersicht

Grad-Reduktion und Bestapproximation



Reziproke Basis D; ,(t)

Din(t) = ZO CijBjn(t)
J:

(() Z(: (2k+1) U(i) U())

mit U(r) = (n+ k+1)(n—k)

n—r n—r

Cij
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Reziproke Basis D; ,(t)
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Berechnung von M(V:n) = (,B(N’n))

I,J
N,n
ﬁf,j ) = <Bi’N’ Dj’n>

= <Bi,N» Y Cj,kBk,n>
k=0
=Y ¢i«{Bin, Bkn)
k=0

direkt l6sbar durch

(7)(})

<Bi,my Bj,n> = (m 4 n+ 1)(

i)
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Beispiele fiir MN:n)
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Anwendung der Grad-Reduktionstechnik
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Anwendung der Grad-Reduktionstechnik
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Anwendung der Grad-Reduktionstechnik
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Anwendung der Grad-Reduktionstechnik
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Ubersicht

Die QuadClip und CubeClip Algorithmen
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Der

3

QuadClip Algorithmus
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Grad-Reduktion mit M(®2)
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Der QuadClip Algorithmus
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Grad-Erhohung mit M(25)

0.706349
122 0o [-ooma2) | O
0233 2 ol | —oaea |- |0793051
oot 2 31| | oger | | 0722222

oo | 1.6746
0507937




Der QuadClip Algorithmus
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Der

3

QuadClip Algorithmus
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Der
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QuadClip Algorithmus
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Der QuadClip Algorithmus
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Der QuadClip Algorithmus
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Der QuadClip Algorithmus
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Der QuadClip Algorithmus
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Der QuadClip Algorithmus
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Der QuadClip Algorithmus
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Der QuadClip Algorithmus

15

-15

21



Der QuadClip Algorithmus
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Der QuadClip Algorithmus
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Der QuadClip Algorithmus
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Der QuadClip Algorithmus
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Der QuadClip Algorithmus
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Der QuadClip Algorithmus
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Der CubeClip Algorithmus
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Der CubeClip Algorithmus
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Der CubeClip Algorithmus
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Der CubeClip Algorithmus
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Der CubeClip Algorithmus

3,,

22



Der CubeClip Algorithmus
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Der CubeClip Algorithmus

22



Der CubeClip Algorithmus
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Der CubeClip Algorithmus
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Der CubeClip Algorithmus
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Der CubeClip Algorithmus
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Der CubeClip Algorithmus
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Der CubeClip Algorithmus
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Der CubeClip Algorithmus
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Der CubeClip Algorithmus
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Ubersicht

Experimentelle Untersuchung
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Untersuchte Polynome

fi=(t-3)(3-1) e 1v3
foi=(t-1)(2-t)(t+5)? ga:=(t- §)3(t 5)

o 1 3 s 8=(t—3) (2+1)%(t-5)
for=(t=3)(2 =) (£+5) (t= 132+ 1)2(¢=5)(£+7)*
fio = (t- 12— p)S(e+5)l0 &7V T3

hy :=(t-0.56)(t—0.57)

ha :(t 0.4)(t —0.40000001)(t+1)(2—t)

hg := (t —0.50000002)(t —0.50000003)(t +5)3(t +7)3

hie := (t—0.30000008)(t—0.30000009)(6 — t)" (t+5)°(t+7)
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Rekursionstiefe

£ 1072 1074 10°8 1016 10732 10764 107128
Alg| B Q C|BQC|BQC|BQC|BQ C|B Q C|B Q C
£ | 211311 4115116 11 7 1 1| 8 1 1
i | 2 2 1] 3 2 2| 3 3 2| 4 3 3|5 43 6 5 4/ 7 5 4
o | 3 2 2] 3 2 2| 4 3 2|5 33/ 6 43 7 4 4 8 5 4
fis | 3 2 2| 3 2 2] 4 3 2/ 5 3 3/ 6 4 3 5 4| 8 5 4
g | 7 7 5|14 14 7|27 27 9|54 54 1155103 13| 55200 16| 55396 17
g | 7 7 5|14 14 6|27 27 9|54 54 11|81 94 13|134 174 15205 276 17
gie| 6 7 3|1214 5|23 27 6|45 54 8|90 94 11179 174 13|293 277 15
hy | 7 1 1/ 9 1 1|10 1 1|11 1 1|12 1 1| 13 1 1| 14 1 1
hs | 7 3 3|13 4 4|22 6 5|26 7 5|27 7 6| 28 8 7|30 9 7
hg 5 4 2| 9 5 318 7 422 7 5(23 8 5[ 24 9 6| 25 10 6
he| 4 2 2| 7 3 3|14 5 4|18 5 419 6 5/ 20 7 5/ 21 8 6




Rechenzeit
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——BezClip 150
-+ QuadClip 100
—— CubeClip 50
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log, log1o & log,logyg log,logyo log, logyo %



Ende

Danke fiir die Aufmerksamkeit.

Demo!
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Appendix: Ubersicht

Satze und Beweise
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Bestapproximationssatz

Satz aus Numerischer Mathematik 1:

n

Fir pelly ist g= )Y a;B; Bestapproximation an II,,
i=0

wenn fir alle j=0,...,n

0=<(p—gq Bj> = <P—Zai3i, Bj> )
i=0

also wenn .
Zai<Bi» Bj> ={p, Bj>
i=0

fur alle j=0,...,n.
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Lemma zum Beweis

n

Z <f!Bk><Dk’ D_/)
k=0
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Lemma zum Beweis

Z <f!Bk><Dk’ D_/)
k=0

= g{)(f, B < ; Ck,iBi, Dj>
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Lemma zum Beweis

Y (f,B) (D, D)
k=0

= é(ﬁ Bk><§Ck,iBi, Dj>

=Y (f, By cki(Bi, D))

k=0 =0
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Lemma zum Beweis

Y (f,B) (D, D)
k=0

f, By < ZO ciB;, Dj>

n

hK

k=0

Y (f,Biy ) cki(Bi, D))
k=0

K

k=0

i=0

f; Bk>ck,j
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Lemma zum Beweis

Y (f,Bi){Dx, D)
k=0

f, By < ZO ciB;, Dj>

n

> ¢

k=0

Z (f, Bi) Z ck,i{Bi, Dj>
k=0

>«

k=0

i=0

f» Bk> Ck,j

=(f, Y cx,;Bx)
k=0
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Lemma zum Beweis

Y (f,Bi){Dx, D)
k=0

f, By < ZO ciB;, Dj>

n

> ¢

k=0

Z (f, Bi) Z ck,i{Bi, Dj>
k=0

>«

k=0

i=0

f; Bk> Ck,j

=(f, Y cx;Bk)
k=0
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Lemma zum Beweis

Y (f,Bi){Dx, D)
k=0

f, By < ZO ciB;, Dj>

n

> ¢

k=0

Z (f, Bi) Z ck,i{Bi, Dj>
k=0

>«

k=0

i=0

f; Bk> Ck,j

=(f, Y_ ¢;«Bx)
k=0
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Lemma zum Beweis

Y (f,B) (D, D)

k=0
f, Bk><2ck,B,,D>

Z(
Z(f Bk)ZCkI<BI’D>
L

f Bk> Ck,j

:<f7 Z C:/,kBk> = <f) D_/)

k=0
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Lemma zum Beweis

Z <f)Bk><Dk) D_/>

k=0
f, Bk><2ck,B,,D>

Z(
Z(f Bk)ZCkI<BI!D>
L

f Bk> Ck,j

=(f, Z ¢ kBi) =(f, D))
k=0
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Direkte Formel fiir q(t) = X7 a;B; (1)
Wir haben fur P:Z,-Aio b;B; n:

N
aj = <P, Dj,n) = <Z biBi,Nr Dj,n>
i=0

N
= ;)bi<8i,N) Dj,n>
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Direkte Formel fiir q(t) = X7 a;B; (1)
Wir haben fur P:Z,-Aio b;B; n:

a;={p, Dj,n>

N L)
:;}bi<BI,N’ Djn) :;b"ﬁf»f
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Direkte Formel fiir q(t) = X7 a;B; (1)
Wir haben fur P:Z,-Aio b;B; n:

a;=<p,D;n»

N L a(Nn)
:;}bi<BI,N’ Djn) :;b"ﬁf,f

Nn)

mit MNn —(ﬁ <B/NyD_/n> i= % SN
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Direkte Formel fiir q(t) = X7 a;B; (1)
Wir haben fur P:Z,-Aio b;B; n:

a;={p, Dj,n>
N N N
=Y bi(Bin, Dj) =Y b
i=0 i=0

mit MV = (,35,7’")) = ({Bin» Djn))i=0,..n-

Jj=0,..,n
bo) (Boe” - Bug|[bo) (e
(M(N»”))t = : : =

bu) \BS" - B \bw) @
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