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Krzywe B-sklejane

Najnowsza wersja tego dokumentu dostepna jest pod
adresem http://wmii.uwm.edu.pl/~denisjuk/uwm

Modelowanie i wizualizowanie 3W-grafiki — p. 2


http://wmii.uwm.edu.pl/~denisjuk/uwm

Krzywa B-sklejana (B-spline)
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(a) Degree two B-spline curve.
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(b) Degree three B-spline curve.

Figure VIII.1: Degree two and degree three B-spline curves with uniformly
spaced knots and nine control points. The degree three curve is smoother than
the degree two curve, whereas, the degree two curve approaches the control
points a little more closely. Compare with the degree eight Bézier curve of
figure VII.9(c) on page 167.
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Krzywa B-sklejana trzeciego stopnia
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Figure VIIL.2: A degree three uniform B-spline curve with seven control points.

q(u) =) Ni(up;, 3<u<n+1
1=0

Ni(u)=0dlau <ilubu>i+14
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Funkcje wagowe

Figure VIIL.3: The blending functions for a uniform, degree three B-spline.
Each function N; has support (i,i+4).

N;(u) = No(u — 1)

Obciete wielomiany stopnia 3
N; € C?

> Ni(u)=1dlau e [3,n+1]
N;(u) >0

Ni(u)=0dlau <ilubu>i+14
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Funkcje wagowe

Ro(u) = No(u), Ri(u) = No(u+1), Ro(u)= No(u-+2),
Ry(u) = No(u+3) ue 01
Y
L 3 1 3 2
Ro(u) = U Ri(u) = 6(—3u + 3u” 4+ 3u + 1)

Ry(u) = %(3@& 62+ 4) Ry(u) = %(1 E
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Rg(l) =

Funkcje wagowe

Ro(0) = 0, R{(0) =0, Ry (0) =0,
)=1=Ri(0), Ry1)=3=R(0), Ry (1) =1 = R{(0),
)=2=Ry(0), R,(1)=0=RH0), RY(1)=-2= Ry 0),

§ = R3(0), R4(1)=—-35=R4(0), RY(1)=1= RY(0),
R3(1) =0 RL(1) =0, RZ(0)=0.
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Krzywa B-sklejana niejednorodna

<7 Doubled knot Tripled knot

Ny

N2.4N3 4 v v
ST Nag N5.4 No 4 N7g Ni1a

Noa p No,4 N1o,4

RREREIERS

0 1 2 3

Figure VIIL.4: Example of order four (degree three) blending functions with
repeated knots. The knot vector is [0,1,2,3,4,4,5,6,7,8,8,8,9,10,11,12] so
that the knot 4 has multiplicity two and the knot 8 has multiplicity three.

wezty ug <up <o < uypeq <y
WQZny wielokrotne Ui < U; = Uiy < Ujt2
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Figure VIII.5: Example of an order four B-spline created with repeated knots.
This curve is created with the knot vector and blending functions shown in
figure VIIL4. Tt has domain [3,9].
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Krzywa B-sklejana stopnia m — 1
(Cox de Boor)

Dane sgwezty ug < uy < --- <1 <.

1wy <u<uq

Dlai:O,l,...,l—lwagiNm:{O

Nipr1(u) = - N (u) + ui:ff_lgilNsz(U)

0/0 =0, (a/0)-0 =0

N; . jest obcietym (w weztach) wielomianem
stopnia m — 1

supp NV;m = |us, uirm) j€St obcietym (w weztach)
wielomianem stopnia m — 1

Ni,m Zaleiy ’[ylkO od Uiy o ooy Ujm
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Przyktad. Wezly jednorodne, m = 2

Figure VIIL.6: The order two (piecewise degree one) blending functions with
uniformly spaced knots, u; = ¢. Here ¢ = 10, and there are £+ 1 knots and
¢ — 1 blending functions. The associated B-spline curve of equation (VIII.2) is

defined for 1 <u </ —1.
U 0<u<l,
NO,QZ 2—Uu 1§U§2,

0
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Przyktad. Wezly jednorodne, m = 3

Figure VIII.7: The order three (piecewise degree two) blending functions with
uniform knot positions u; = 7. We still have £ = 10; there are £+ 1 knots and
¢ — 2 blending functions. The associated B-spline curve of equation (VIIL.3) is

defined for 2 <u < /¢ — 2.

%UQ 0<u<l,
w2 —u)+5B8-uu—-1) 1<u<?2,
%(3_u)2 2§U<3,
0
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Przyktad. Wezly jednorodne, m = 4

Figure VIIL.3: The blending functions for a uniform, degree three B-spline.
Each function N; has support (i,i+4).
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Przyktad. Krzywe Béziera

wezty: 0,0,0,0,1,1,1,1

I, 0<u<l1
Ng)l(U) = {O
Nii=0dlai#3
Noo(u) =1—wu, N3a(u) =u
Nyz(u) = (1 —u)?, Nos(u) = 2u(l —u), N33(u) = u?
Noa(u) = (1 —u)?, Nyg(u) = 3u(l — u)?,
Ny 4(u) = 3u*(1 —u), N34(u) = u?
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Niejednorodne wielokrotne wezty

. 4 1
wezly: 0,0,0,0,1,2,24 31 4,5.6,7,7,8,9,10,10, 10, 10

Doubled knot d
Nig2N11,2

N, , V32 NaaNsoNe2Nrp Ngo Nop | f | Nizp Nisa Nige
1 :
: u
1 2 2832 4 5 6 7 8 9 10
(a) Degree one blending functions.
Doubled knot :
1 N1’3 N1;0’3 -Zv14,3

N5 -
Noy Nsis Nags 33 Ngs N7,g Nsg No 5 ]\/113N123N133

AMMA’A’A’«IA’&

2 2832 4 10

(b) Degree two blending functions.

Doubled knot
: B N,
No.4 : Nygg M4

Ny N54N Nz 4 Ng.4 N94'N104N“4N1M\

Ny aN> 4 NV3a

,

1 2 2832 4 10

. . Modelowanie i wizualizowanie 3W-grafiki — p. 14
(c) Degree three blending functions.



Wtasciwosci

Twierdzenie 1. Niech dane bedg wezty ug < uy < --- < u;. Wtedy
funkcje wagowe N; .,,(u) dla0 < ¢ < | — m majg nastgpujace
witasciwosi:

sUpp Nim = Ui, Uipps] dlam > 1

Ni 1M, Z 0

Zl 0 Nim(u)=1dau,—1 <u < u_pmi
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Wtasciwosci

Twierdzenie 2. Niech dane bedg wezty ug < up < --- < u;. Wtedy
funkcje wagowe N; .,,(u) dla0 < ¢ < | — m majg nastgpujace
witasciwosi:

sUpp Nim = Ui, Uipps] dlam > 1

Ni 1M, Z 0

Sict Nim(u) = Ldaum—1 < u < umi

C] Zsz )pza WUgp— 1<U<ul m-+1 — Up+1
1=0

q(u) — Z Ni,m(u)pia U;j < U< Ujyq

’L:j —m-+ 1 Modelowanie i wizualizowanie 3W-grafiki — p. 15



Wtasciwosci

Twierdzenie 3. Niech q(u) bedzie krzywag B-sklejang stopnia m — 1
i wezet u; ma krotnosc . Wtedy q(u) ma ciggte pochodne do stopnia
m — u — 1 w punkcie u;.
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Wymierne B-sklejane krzywe
(NURBS)

pi=(r:y:z:w),

o) = 3 Nim (W

wspotrzedna w pozwala na powiekszenie wagi punktu
kontrolnego

modelowanie krzywych stozkowych

rzut perspektywiczny krzywe| wymiernej jest zawsze
Krzywag wymierng

punkty kontrolne mogg by¢ umieszczone
W nieskoNczonosci
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