SUBJECT INDEX A abstract lightsource models 76 abstract solids 19 acceleration of ray tracing adaptive space partitioning 249 heuristic methods 242 partitioning of ray space 253 ray classification 254 ray coherence 256 regular space partitioning 242 adaptive supersampling 322 affine point 102 affine transformation 105 algorithm theory 31 aliasing 7, 309

temporal 401 ambient light 76, 80 analytical shading models 78 animation 365

non real-time 366 real time 366 anti-aliasing 218, 309

lines 314, 317 post-filtering 321 regions 314 temporal 401 aperture 262 approximation function 378 approximation of roots 151 algebraic equations 153 halving method 151 isolation 154 method of chords 151 Newton’s method 152 reducing multiplicity 153 B B-spline

cubic 382 back clipping plane 16, 117 baricentric coordinates 108, 149 beam 6 beam of rays 255 Beckmann distribution 71 bi-directional reflection function 62 bi-directional refraction function 62 bi-level devices 8 binary space partitioning 184 black-and-white devices 8 blue noise 323, 330 blur 401 boundary evaluation 91 boundary representations (B-rep) 21 bounding box 142 box filter 311 bp 117 Bresenham’s line generator 49 BSP-tree 184 bump mapping 360, 362

filtering 363

viii

C camera 14, 115 camera parameters 115 canonical view volume 121 cathode ray tube (CRT) 5 channels 223 child segment 396 CIE XYZ 54 circle of confusion 263 clipping 15, 77, 130

Cohen-Sutherland 134 coordinate system 141 in homogeneous coordinates 131 line segments 134 points 133 polygons 137 Sutherland–Hodgman 137 clipping against convex polyhedron 139 Cohen-Sutherland clipping 134 coherent light-surface interaction 61 coherent reflection 62 coherent refraction 62 collinearities 106 color 53 color index 224 color matching functions 54 comb function 307 combinational complexity 42 complexity 26 complexity measures 26 complexity of algorithms 27

algebraic decision tree model 241 asymptotic analysis 29 average-case 33 graphics algorithms 31 input size 32 key operations 29 linear equation 284 lower bounds 28, 30 notations 29 optimal algorithms 29 output size 32 progressive refinement 288 radiosity method 280 storage 27 time 27 upper bounds 29, 30 viewing pipeline 141 worst-case 29 cone filter 311 constant shading 229 constraint-based systems 398 constructive solid geometry (CSG) 23 continuity

C^2, C^1, C^0 368 control point 377 convex hull 108, 383

transformation 109 CPU 7 CRT 5 cubic B-spline 382 cubic spline 379 D DDA line generator 45 decision variables 48 decomposition 220 delta form factor

cubic tetrahedron 282 hemicube 280 depth cueing 218, 220 depth of field 262 diffuse reflection coefficient 66 digital-analog conversion 224 directional lightsource 76 display list 6 x SUBJECT INDEX

display list memory 221 display list processor 221 display processor 7 dither

ordered 330 random 330 dithering 218, 223, 231, 328, 329 division ratio 108 double-buffer animation 401 duality principle 103 E environment mapping 363 Euler’s theorem 142 EWA elliptical weighted average 357 extended form factor 291, 292 eye 14, 115 F face 21 facet 221 FFT 313 field 13 filter

box 311 cone 311 Gaussian 312 ideal low pass 311 low-pass 310 pulse response 311 finite element method 265, 293 finite elements

constant 294 linear 299, 300 fixed point form 44 flicker-free 6 flood lightsource 76 flux 58 form factor 266

extended 291, 292 vertex-patch 289 vertex-surface 288, 289 form factor calculation 270

analytical 274 geometric 273 hemicube 277 hemisphere 275 randomized 270 tetrahedron 281 z-buffer 280 Fourier transform 308 fp 117 frame 6, 374 frame buffer 6, 223

coherent access 223 double access 224 frame buffer channels 223 frame buffer memory 8, 218, 232 Fresnel coefficients 61

parallel 73 perpendicular 73 Fresnel equations 73 front clipping plane 15, 117 functional decomposition 37 fundamental law of photometry 59 G Gauss elimination 283 Gaussian distribution 71 Gaussian filter 312 geometric manipulation 17 geometric modeling 18 geometric transformation 99, 100 geometry engine 222 global element method 299, 304 global function bases 306

Gouraud shading 211, 218, 229 in radiosity method 269 graph 187

straight line planar (SLPG) 187 graphics

2D 14 3D 14 graphics (co)processors 8 graphics primitives 17, 81 gray-shade systems 9 H halftoning 328, 329 halfway vector ( ⃗H) 68 Hall equation 65 hardware realization 41 heap 201 hemicube 277 hemisphere 275 hidden surface algorithms

! visibility algorithms 143

hidden surface problem 77 hidden-line elimination

z-buffer 229 high-level subsystem 226 homogeneous coordinates 101 homogeneous division 104 human eye 3 I ideal plane 101 ideal points 101 illumination equation 65, 220 illumination hemisphere 57 image generation pipeline 226 image reality 25 incoherent light-surface interaction 61 incremental concept 43

formula 44 line generator 46 polygon texturing 349 shading 79, 203 indexed color mode 9, 224 input pipeline 226 intensity 58 interactive systems 26 interlaced 13 interpolation 377

Lagrange 378 spline 379 interpolation function 377 intersection calculations

acceleration 240 approximation methods 150 CSG-objects 164 explicit surfaces 157 implicit surfaces 150 ray span 166 regularized set operations 165 simple primitives 148 interval arithmetic 159 interval extension 160 inverse geometric problem 372 J jitter 322

Gaussian 327 white noise 326 K keyframe 374 keyframe animation 376 kinematics 373 knot point 377 Krawczyk operator 163 xii SUBJECT INDEX

k_r= coherent reflection coefficient 62 k_t= coherent refraction coefficient 62 k_d= diffuse reflection coefficient 66 k_s= specular reflection coefficient 68 L Lagrange interpolation 378 Lambert’s law 66 lightsource 76

abstract 76 ambient 76 directional 76 flood 76 positional 76 lightsource vector (⃗L) 61 line generator

3D 228 anti-aliased 314 box-filtered 315 Bresenham 49 cone-filtered 317 DDA 45 depth cueing 228 Gupta-Sproull 320 linear equation

Gauss elimination 283 Gauss–Seidel iteration 284 iteration 283 linear set 107 linked segments 394 local control 381 local coordinate system 3 lookup table (LUT) 9, 224 M Mach banding 212 manifold objects 23 metamers 55 microfacets 69 micropolygons 359 mip-map scheme 355 model access processor 221 model decomposition 17, 81 B-rep 89 CSG-tree 91 explicit surfaces 83 implicit surfaces 87 modeling 17 modeling transformation 15, 216 motion

hierarchical 394 interpolation 368 motion blur 264, 401 motion design 372 multiplicity of roots 153 N Newton’s law 367 non-interlaced 13 non-manifold objects 23 normalizing transformation

parallel projection 121 perspective projection 123 Nyquist limit 310 O O(�) (the big-O) 30

object coherence 242 object-primitive decomposition 15 octree 250 ordered dithers 330 orthonormal matrix 369 output pipeline 226 output sensitive algorithm 32, 193 overlay management 231 own color 10, 16, 67

P parallelization 35

image space 39 object space 40 operation based 37 primitive oriented 40 parameterization 334

cylinder 338 general polygons 342 implicit surfaces 337 parametric surfaces 336 polygon mesh 342 polygons 339 quadrilaterals 340 sphere 337 triangles 340 two-phase 344 unfolding 342 parent segment 396 patch 21 perspective transformation 126 Phong shading 212 Phong’s specular reflection 67 photorealistic image generation 80 pipeline

input 226 output 226 viewing 139 pixel 5 pixel level operations 218 pixel manipulation 17 point sampling 260 Poisson disk distribution 322 positional lightsource 76 post-filtering 309 pre-filtering 309 primitives 17 priority 16 problem solving techniques brute force 240 divide-and-conquer 89, 91, 96, 165, 177 event list 175 generate-and-test 94, 251 lazy evaluation 255 locus approach 254 output sensitive 195 sweep-line 194, 198 progressive refinement 285 probabilistic 289 projection 119, 124

oblique 116 orthographic 116 parallel 116 perspective 116 spherical 275 projective geometry 100 pseudo color mode 9, 224 PSLG representations DCELs 23 Q quantization 327 quaternions 385 R r-sets 21 radiant intensity 58 radiosity 58, 265

equation 267 method 79, 269 non-diffuse 290 random dither 330 raster graphics 6 raster line 6 raster mesh 6 xiv SUBJECT INDEX

raster operation ALUs 224 raster operations 218, 223

XOR 218 ray coherence 256 ray shooting problem 241 ray tracing 235

aperture 262 blurred (fuzzy) phenomena 260 blurred translucency 262 circle of confusion 263 depth of field 262 distributed 260, 402 gloss 262 illumination model 235 motion blur 264 penumbras 262 recursive 235 shadow rays 238 simple (first-order) 146 real-time animation 366 reciprocity relationship 267 recursive ray tracing 79 reflection mapping 363 refresh

interlaced 13 non-interlaced 13 regular sets 19 regularized set operations 20 relaxation technique 399 rendering equation 65 representation schemes 21

B-rep 21 CSG 23 resolution 12 Ritz’s method 294 Rodrigues formula 112 roll-pitch-yaw angles 111, 369 rotation 110

S sampling theorem 308, 310 scaling 110 scan conversion 6, 17, 220, 222 3D lines 227 triangle 229 scan converter 222 scan-lines 6, 174 scene 18 Schauder’s fixpoint theorem 158 scientific visualization 400 scissoring 16 screen coordinate system 118 sectioning 139 segment 394

hierarchy 396 linked 394 parent 396 set membership classification 91 shading 16, 77, 78

coordinate system 141 Gouraud 211 incremental 79, 203, 211 Phong 212 shading equation 65 shadow 204 shadow maps 205 shearing 113 shearing transformation 120, 123 SLPG representations

adjacency lists 190 DCELs 191 Snellius–Descartes law 62 solid angle 57 solid textures 335 specular reflection

Phong’s model 67 probabilistic treatment 69 Torrance-Sparrow model 69 specular reflection coefficient 68 spline 379

cubic 379 stereovision 14 stochastic analysis of algorithms Poisson point process 245 regular object space partitioning 243 uniformly distributed points 34, 244 stochastic sampling 322, 402 jitter 322, 323 Poisson disk 322 straight model 103 strobing 401 subdivision 346 subframes 402 subpixel 321 successive relaxation 285 summed-area table 356 supersampling 309

adaptive 322 surface normal ( ⃗N) 66 Sutherland–Hodgman clipping 137 synthetic camera model 2 T Taylor’s series 44 Tektronix 10 texel 350 texture filter

EWA 357 pyramid 355 summed-area table 356 texture map

1D, 2D 335 solid 335 texture mapping 214, 333

Catmull algorithm 354 direct 334 incremental models 345 indirect 334 parametric surface 345 radiosity method 353 ray tracing 345 screen order 334 solid textures 345 texture order 334 texture space 333 Torrance–Sparrow specular refl. 69 transformation

affine 105 coordinate system change 113 geometric 100 normalizing for parallel projection 121 normalizing for perspective projection 123 perspective 126 rotation 110 scaling 110 shearing 113, 120, 123 translation 110 viewing 122 viewport 122 transformation matrix

composite 216, 220 modeling 216 viewing 216 translation 110 translucency 221, 231 translucency patterns 221, 231 transparency 206, 231 xvi SUBJECT INDEX

tree traversal

inorder 186 postorder 186 preorder 186 tristimulus 53 true color mode 8, 224 Trunc 45 U u, v, w coordinate system 115 V variational method 294 vector generator 6 vector graphics 5 vertex-surface form factors 288, 299 video display hardware 223 video refresh controller 10 view plane normal 116 view reference point 115 view up vector 116 view vector (⃗V ) 61 viewing pipeline 139 viewing transformation 77, 122, 216 viewport 14 viewport transformation 122 virtual world representation 17 visibility 77 visibility algorithms 143

area subdivision 176 back-face culling 167, 169 BSP-tree 184 depth order 181 image coherence 176 image-precision 143 initial depth order 178, 182 list-priority 180 Newell–Newell–Sancha 182 object coherence 175 object-precision 144 painter’s algorithm 181 planar graph based 187 ray tracing 146 scan conversion 169 scan-line 174 visibility maps 188 Warnock’s algorithm 177 Weiler–Atherton algorithm 178 z-buffer 168 visibility computation 16

coordinate system 141 visibility sets 258 visible color 10 voxel walking 251 W weight functions 378 white noise 326 window 14, 115

height 116 width 116 window coordinate system 115 winged edge structure 23, 192 wire-frame image generation 216 world coordinate system 3 world-screen transformation 15 wrap-around problem 129 Z z-buffer 218, 223 z-buffer algorithm

hardware implementation 170 zoom 116

γ-correction 10, 55, 224

Ω(�) (the big-Ω) 30 Θ(�) (the big-Θ) 30