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* affine (

3 Bezier

B(0)=P,,
B'(0)=3(R-R),

B() =P,
B =3(R-P)

scaling )

Bézier Curves

* Similar to Hermite, but more intuitive
definition of endpoint derivatives

* Four control points. two of which are knots
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Bézier vs. Harmite

* We can write our Bezier in terms of

Bézier vs. Harmite

» Now substitute thisin for previous Hermite
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e Farin, G. Curves and Surfaces for CAGD. Academic
Press, 3rd. Edition, 1993 (Chapters 14 and 15).

e Hoschek, J. and Lasser, D. Fundamentals of CAGD. A.
K. Peters, 1993 (Chapter 4).

e Anand, V. Computer Graphics and Geometric
Modeling for Engineers. John Wiley & Sons, 1993
(Chapter 10).
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B-spline
n=5 [(12),(24),(32).(41).(53)
B-spline k=3
[ ]

-,

B-spline Basis Matrix

» Formulate 16 equationsto solve the 16
unknowns
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NURBS B-Spline

Piegl, L. and Tiller, W. The NURBS Book,
2nd. Edition, Springer Verlag Berlin, 1997.
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» Nonuniform Rational B-splines
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Splines

* Horner's Method

* Incremental (Forward Difference) Method
* Subdivision Methods

Horner's Method

x(t)=at’+b,t>+ct+d,
X(t)=[(a,t+b,)t+c Jt+d,

« Three multiplications
* Three additions

Forward Difference

X1 = X + A%,

X =a,t’+bt*+ct+d

Xya = 8y (t +6)° +b, (t, + )% +C, (t, +6)+d,

X — X = A%, = 38,87 + (38,62 + 2b,0)t, +(8,8° +b,6% +C,5)
But this still is expensive to compute
— Solvefor change at k (A,) and change at k+1 (Ay,,)
— Boot strap with initial valuesfor x,, Ag, and A;
— Compute x5 by adding X, + Ag + Ay
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float len = Control Point.dist(p0,pl) + s L o ¥
Control Point.dist(p1,p2) " W b
+ Control Point.dist(p2,p3); b i
float chord = Control Point.dist(p0,p3); [kirmi Ty

Rendering Bezier Spline

public void spline(Control Point p0, Control Point p1,
ControlPoint p2, ControlPoint p3, int pix)

if (Math.abs(len - chord) < 0.25f) return;

fatPixel (pix, p0.x, p0.y);

Control Point p11 = Control Point.midpoint(p0, p1);
Control Point tmp = Control Point. midpoint(pl, p2);
ControlPoint p12 = Control Point.midpoint(p11, tmp);
Control Point p22 = Control Point.midpoint(p2, p3);
Control Point p21 = Control Point.midpoint(p22, tmp);
ControlPoint p20 = Control Point.midpoint(p12, p21);
spling(p20, p12, p11, po, pix);

spline(p3, p22, p21, p20, pix);
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