Index

absolute curvature, 159 affine invariance, 193 affine map, 8, 38, 101, 168 affine space, 2 Aitken’s algorithm, 81 approximation, 67, 84 least squares, 84, 138 area, 11

3D triangle, 12 parallelogram, 8 signed, 12, 153 triangle, 10, 152

B-spline, 180

affine invariance, 193 Bézier curve, 195, 196, 202 basis function, 198 biquadratic, 240 de Boor algorithm, 184, 193, 202 derivative, 195, 206 differentiability, 193 endpoint interpolation, 194 evaluation, 184 function, 197 Greville abscissa, 197 knot insertion, 200 linear precision, 199 local control, 185, 194 local support, 199 NURB, 254, 265 partition of unity, 199 periodic curve, 204 properties, 193, 199 rational, 265 support, 197 surface, 232 Bézier

ordinate, 70 Bézier curve, 195 cubic, 37 de Casteljau algorithm, 42, 60, 108 degree elevation, 64 degree reduction, 66 derivative, 40, 167 evaluation, 42 linear precision, 127 properties, 37 rational, 255 representing a conic section, 255 subdivision, 61 Bézier patch, 97 2-stage de Casteljau evaluation method, 108 2-stage explicit evaluation method, 98 3-stage de Casteljau evaluation method, 109 closed-form derivative, 103 de Casteljau algorithm, 107 degree elevation, 113 degree reduction, 114 properties, 100 rational, 266

294 INDEX

ruled, 117 tensor product, 101 Bézier patch

tensor product, 128 Bézier polygon, 37 Bézier, Pierre, 36 barycentric combination, 4, 11, 275 barycentric coordinates, 11 basis function, 72

B-spline, 180 Bernstein, 37, 41 Hermite, 89 Lagrange, 80 monomial, 51, 63, 80, 119 Bernstein polynomial, 37, 56, 71 Bessel tangent, 220, 238 bicubic Bézier patch, 97 bicubic Hermite interpolation, 134 bicubic patch, 124 bilinear interpolant, 101 bilinear interpolation, 131 bilinear precision, 101 binomial coefficients, 56 binormal vector, 148

Catmull-Clark algorithm, 241 Chaikin’s algorithm, 239 Chinese character design, 172 chord length parameters, 87 circle, 259, 268 closed mesh, 277 complementary segment, 257 of a circle, 260 cone, 271 conic section, 254 ConS, 136, 175 continuity

C^1, 167, 229 C^2, 170, 242

G^1, 169 G^2, 171

convert

B-spline to Bézier, 202 Bézier to monomial, 52 Bézier to monomial, 63 monomial to Bézier, 52, 63 convex hull, 26, 46 convex hull property, 38, 101, 195 Coons patch, 130 coordinate system, 2 corner cutting, 239 cross product, 8 cubic curve, 37 cubic Hermite polynomial, 89 curvature, 151, 171, 265

Gaussian, 118 mean, 159 principal, 156 signed, 153 curvature continuity, 171 curvature plot, 154 curve

functional, 34, 69 isoparametric, 98 nonparametric, 70 on surface, 96, 136, 175 parametric domain, 35 cusp, 49

de Boor algorithm, 184, 193, 202, 239 de Boor point, 180 de Boor, Carl, 184 de Casteljau algorithm, 42, 60, 107, 239 de Casteljau, Paul de Faget, 42 debugging, 73, 273 decimation, 28 degree elevation, 64

convergence, 66 for surfaces, 113 degree reduction, 66

for surfaces, 114 derivative

Bézier curve, 167 of B-spline curve, 206 of Bézier curve, 44, 56 of conic, 258 of rational Bézier curve, 265 of spline curve, 167 partial, 102 developable surface, 118, 158 differentiability, 193, 196 digitizer, 26 domain, 19, 35, 92 domain knots, 182 Doo-Sabin algorithm, 240 dot product, 7

edge collapse, 29 ellipse, 257 elliptic point, 156 end conditions, 220, 222

Bessel tangents, 220 endpoint interpolation, 37, 69, 194 equality check, 274 Euclidean space, 2 extraordinary vertex, 241 extrapolation, 39, 69

flatness test, 29 font, 174 forward difference, 41, 103, 104 Frenet frame, 148 functional curve, 34, 69, 71 functional surface, 92, 119

Gaussian curvature, 118, 157 generatrix, 267 global parameter, 21, 69, 166 graph

of a function, 69 graph of a function, 34 Greville abscissa, 197

helix, 36 Hermite interpolation, 88, 174 bicubic, 133 homogeneous coordinates, 254 hyperbola, 257, 286 hyperbolic paraboloid, 95 hyperbolic point, 157

IGES, 184 implicit form

plane, 24 inflection point, 48, 153 internet, 30 interpolation, 75, 78, 81

Hermite, 88 bicubic, 124 cardinal form, 80, 89 endpoint, 37, 69, 100 linear, 18 interpolation constraints, 218 intersection, 138 isoparametric curve, 96, 98, 234 isophote, 161

junction point, 166

knot insertion, 200, 239

Chaikin’s algorithm, 239 knot multiplicity vector, 192 knot sequence, 166, 181

domain knots, 182 multiplicity, 182, 191 simple knot, 182

Lagrange polynomial, 80 laser digitizer, 26 least squares approximation, 84, 138, 213 length

of vector, 7

296 INDEX

light line, 161 Liming, R., 254 line

explicit, 22 implicit, 22 parametric

domain, 19 parametric form, 18 point–normal form, 22 segment, 20, 25 linear combinations, 4 linear dependence, 8 linear interpolation, 18, 83 linear precision, 39, 127, 199 linear space, 3 linear system, 125

overdetermined, 85, 140, 214 linked list, 27 local control, 194 local parameter, 21, 69, 166 local support, 199 loop, 48 map affine, 8, 19, 38, 101 linear, 10 projective, 264 matrix form

of Bézier curve, 62 mean curvature, 159 meridian, 268 midpoint, 4 minimal surface, 159 minmax box, 46 monomial form, 80 monomials, 51, 63 multiplicity, 182, 191, 193 multiresolution, 30

nonparametric curve, 70 nonparametric surface, 118 normal, 24, 174 normal curvature, 155 normal equations, 85, 141, 236 normal vector, 108, 148 normalized parameters, 87 numerical stability, 63 NURBS, 180, 254, 265

osculating circle, 151 osculating plane, 151

parabola, 254, 257, 261 parabolic point, 157 parallelogram rule, 14 parameter, 19, 182

chord length, 87 global, 21, 69, 166 local, 21, 69, 166 uniform, 87 parameter selection, 128, 144 parameter transformation, 21, 69 parameters

normalized, 87 parametric form

straight line, 21 partition of unitiy, 6 partition of unity, 72, 199 Pascal’s triangle, 72 patch, 93

Bézier, 97 bicubic, 124 bilinear, 93 Coons, 130 functional, 118 Hermite, 134 periodic curve, 204 perpendicular, 7 perspective projection, 254 piecewise polynomial, 196 plane, 23

implicit form, 24 normal, 24 point–normal form, 24 point–vector form, 24 tangent, 108 point, 2

collinear, 9 ratio of three, 9 polygon, 25

B-spline, 180 Bézier, 37 closed, 25 convex hull, 26, 46, 195 open, 25 polynomial

Bernstein, 56 cubic Hermite , 89 Lagrange, 80 monomial, 80 potato chip, 157 preimage, 19 principal curvature, 156 projective invariance, 264

range, 19 ratio, 6, 9, 19, 168, 170 rational B’ezier curve

derivative, 259 reparametrization, 256 representing a conic section, 257 standard form, 256 rational B-spline curve, 265 rational B-spline surface, 266 representing a surface of revolution, 266 rational Bézier curve, 261

C^1 condition, 259

curvature, 265 torsion, 265 rational Bézier patch, 266 real space, 3 reflection line, 160 reparametrization, 256 ruled surface, 117

saddle point, 157 shape, 147 shape equations, 217, 236 smooth, 148 space

affine, 2 Euclidean, 2 homogeneous, 264 linear, 3 real, 3 span, 182 spline curve, 166, 179, 254 derivative, 167 standard form, 256 Stanford bunny, 17 star

of a point, 29 STL, 28 straight line

explicit form, 22 implicit form, 22 parametric form, 18 subdivision, 45, 61, 66 Catmull-Clark algorithm, 241 Chaiken’s algorithm, 239 Doo-Sabin algorithm, 240 for surfaces, 114 subdivision curves, 239 subdivision surfaces, 239 bicubic B-spline surface, 242 biquadratic B-spline surface, 241 extraordinary vertex, 241, 242 support, 197 surface

developable, 118 functional, 119 nonparametric, 118

298 INDEX

of revolution, 266 parametric

domain, 92 ruled, 117 single valued, 119 trimmed, 136 sweet, 148 symmetry, 37, 100

tangent plane, 108 tangent vector, 40, 101 tensor product, 101, 126, 128, 232 tetrahedron, 13 tolerance, 109, 192

for debugging, 274 torsion, 154, 265 torus, 268 translation, 3 translation invariance, 275 triangle, 10, 26

area, 10 triangulation, 17, 26

decimation, 28 transmission, 30 trimmed surface, 136 twist vector, 105, 134

uniform parameters, 87 unit speed

for rational curves, 261 unit square, 93 unit tangent, 148

vector, 3 vector product, 8

weight, 254