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Krzywe B-sklejane

Najnowsza wersja tego dokumentu dostepna jest pod
adresem

http://users. pj wst k. edu. pl / ~deni sj uk/
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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 VIIL.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) = ZNz‘(U)pi, 3<u<n+l
i=0

Ni(u)=0dlau <ilubu>i+4
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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+4
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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
$
1 1 5
Ro(u) = éu?’ Ri(u) = 6(_SUB + 3u” 4+ 3u + 1)

Ry(u) = %(:m?’ 62+ 4) Ry(u) = %(1 AE
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Funkcje wagowe

Ro(0) = 0, Ry(0) =0, RY(0) = 0,

Ro(1) = L =Ri1(0), Ry(1)=14=R;(0),  Ry(1)=1=R{(0),

Ri(1)=2=Ra(0), Ry(1)=0=Ry(0), R{(1)=-2= Ry(0),

Ry(1) = L = Rs(0), Ry(1)=—1=R4(0), Ry(1)=1=Ry(0),
R3(1) = 0, R,(1) =0, R(0)=0.
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Krzywa B-sklejana niejednorodna

Tripled knot

<7 Doubled knot
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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 < - <oy <y

W@ZI'y wielokrotne Ui < U = Ujn ] < Ujgo
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Figure VIIL.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. It has domain [3,9].
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Krzywa B-sklejana stopnia m — 1
(Cox de Boor)

Dane sgwezty ug < u; < --- < w1 < .

1w <u <

Dlai:O,l,...,l—lwagiNf,;,l:{O

: — _uU—u4 _ Ui k41— U .
Nipra1(u) = p— N i (u) + quH_quNzH,k(U)
0/0=0, (a/0)-0=0
N; ., Jest obcietym (w weztach) wielomianem
stopniam — 1

supp NVim = |Us, Uiyy] jESt Obcietym (w weztach)
wielomianem stopnia m — 1

N;.m zalezy tylko od w;, . .., Ujtm
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Przyktad. Wezty 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,
N(),Q: 2—Uu 1§U§2,
0
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Przyktad. Wezty jednorodne, m =3

Figure VIIL.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 (VIIIL.3) is

defined for 2 <u </ —2.

%u2 0<u<l,

_ w2 —uw)+58-uu—-1) 1<u<?2,
%(3_/“)2 2§’LL<3,
0
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Przyktad. Wezty 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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Przykiad. Krzywe Béziera

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

I, 0<u<l1
Ng,l(U) — {O
Ny =0dlai#3
Noo(u) =1—u, 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 wezly

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

Doubled knot

Nig2iN11,2
N22N3'2 Ny2N52Ng2Nzo Ngo Ngo ¢ | Ni22 Niz2 Niap
] N

u
1 2 28324 5 6 7 8 9 10

(a) Degree one blending functions.

Doubled knot :
N1 N Nip3 N
Ny Nss Nags 3 No.s N13 N83]\ 5 N113N123N133

AMMA’A’A’«IA’&

2 2832 4 10

(b) Degree two blending functions.

Doubled knot :
No.a Niz,a

Ny4 N N, N
4,4 54N ]\74 Ng 94 10,4

N1 4N24N3 N114N1 4\

2 2832 4 10
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Wiasciwo Sci

Twierdzenie 1. Niech dane bedg wezty ug < u; < - -+ < u;. Wtedy
funkcje wagowe V; (1) dla 0 < ¢ < [ — m maja nastepujace
wiasciwosi:

sUpp Nim = Wi, Ujpps] dlam > 1

Ni 1M, 2 0

ST N (u) = 1dla 1 <t < Uy
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Wiasciwo Sci

Twierdzenie 2. Niech dane bedg wezty ug < u; < -+ < y;. Wtedy
funkcje wagowe V; (1) dla 0 < ¢ < [ — m maja nastepujace
wiasciwosi:

sUpp Nim = Wi, Ujpps] dlam > 1

N’i 1M, 2 0

Sict Nim(u) = Ldiatm_1 < u < s

q(u) — Z Ni,m(u)pia Uj < U< Ujyq

’L:j — m—l— 1 Grafika Komputerowa — p. 15



Wiasciwo Sci

Twierdzenie 3. Niech ¢(u) bedzie krzywa B-sklejang stopnia m — 1
i wezet u; ma krotno$¢ . Wtedy ¢(u) ma ciagte pochodne do stopnia
m — 1 — 1 w punkcie ;.
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Wymierne B-sklejane krzywe
(NURBS)

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

q(u) = Z Ni,m(u)pi

wspotrzedna w pozwala na powiekszenie wagi punktu
kontrolnego

modelowanie krzywych stozkowych

rzut perspektywiczny krzywej wymiernej jest zawsze
Krzywa wymierng

punkty kontrolne moga byc umieszczone
w nieskonczonosci
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NURBS w openGL (GLU)

GLUnurbsObj x curvel;
curvel = gluNewNurbsRenderer();
gluBeginCurve (curvel);
gluNurbsCurve (curvel ,numKnots, knotData ,
stride ,data,degParam,GL MAPl1 VERTEX 3);
gluEndCurve (curvel);
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NURBS w openGL (GLU)

GLfloat knotVector[8] =

{0.0,0.0,0.0,0.0,1.0,1.0,1.0,1.0};
GLfloat ctriPts[4][3] = {{—-4.0,1.0,0.0},
{-2.0,5.0,0.0},{3.0,—-4.0,0.0},
{5.0,1.0,0.0}};

GLUnurbsObj x cubicBezCurve;
cubicBezCurve = gluNewNurbsRenderer();
gluBeginCurve (cubicBezCurve);
gluNurbsCurve (cubicBezCurve ,8,knotVector,
3, & ctrlPts[0][0],4 ,GL MAP1 VERTEX 3);
gluEndCurve (cubicBezCurve);
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NURBS Powierzchnie

gluBeginSurface (surfName);
gluNurbsSurface (surfName, nuKnots,
uknotVector, nvKnots, vKnotVector,
uStride ,vStride , &ctrlPts[0][O0][0],
uDegParam,vDegParam,GL MAP2 VERTEX 3);
gluEndSurface (surfName);

Grafika Komputerowa — p. 20



	wyklad 
	Krzywa B-sklejana (B-spline)
	Krzywa B-sklejana trzeciego stopnia
	Funkcje wagowe
	Funkcje wagowe
	Funkcje wagowe
	Krzywa B-sklejana niejednorodna
	Krzywa B-sklejana stopnia~$m-1$ (Cox de Boor)
	Przykªad. W¦zªy jednorodne, $m=2$
	Przykªad. W¦zªy jednorodne, $m=3$
	Przykªad. W¦zªy jednorodne, $m=4$
	Przykªad. Krzywe B'eziera
	Niejednorodne wielokrotne w¦zªy
	Wªa±ciwo±ci
	Wªa±ciwo±ci

	Wªa±ciwo±ci
	Wymierne B-sklejane krzywe (NURBS)
	NURBS w openGL (GLU)
	NURBS w openGL (GLU)
	NURBS Powierzchnie

