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Subject Index

A

Absolute coordinates, %6
A-buffer algorithm, 475-76
Acoustic digitizer, 66 -67
Adtive edge list, 122, 477
Active-matrix LCD, 47
Adaptive sampling, 538-40
Adaptive spatial subdivision:
BSP tree, 362
ray trading, 536-38
Additive color model, 569, 572
Affine transformation, 208
Aliasing, 171
Alignment (text), 166
Ambient light, 497 (see also Hlumination modeis)
Ambient reflection coeffiaent, 499
American National Standards Institute (ANSI), 78
Angle:
direction {vector), 606
incidence, 499
phase, 595
refraction, 509
rotation, 186
specular-reflechon, 501
Angstrom, 566
Animation, 584
accelerations, 591-94
action specifications, 587
applications, 5-7, 17-18, 19-24
cels, 588
color-table, 586 - 87
direct motion spectification, 594-95
double buffering, 55
dynamics, 595-96
frame-by-frame, 585
functions, 586
goal-directed, 595
n-betweens, 585
mverse dynamics, 596
nverse kinematics, 59
key frame, 585
key-frame systen, 587
kinematics, 588, 595-9%
Kochanek-Bartels splires, 325-27
languages, 587
morphing, 18, 588-91
motion specification, 594 -96
object definitions, 585
parametrized system, 587
physically based modeling, 393-95, 588, 596
raster methods, 586-87
real-time, 55, 585, 586
scenc description, 587
senpting system, 588
storyboard, 585
ANSI (Amenican National Standards Institute), 78

Antialiasing:
area boundaries, 176-78
area sampling, 172, 174, 539
filtering, 174-75
lines, 172-76
Nyquist sampling interval, 171
Pitteway-Watkinson, 177-78
pixel phasing, 172, 175
pixel-weighting masks, 174, 555
prefiltering, 172
postfiltering, 172
in ray tradng, 538-43
stochastic sampling, 540-43
supersampling, 172-74, 538-40
surface boundaries, 53843
in texture mapping, 554-56
Application icon, 273
Applications {(sec Graphics applications)
Approximation spline, 316
Area clipping, 237-44
Area filling;: (see also Fill: area)
antialiasing, 176-78
boundary-fill algorithm, 127-30
bundled atinbutes, 169
curved boundaries. 126-30
flood -fill algorithm, 130
functions, 131
hatch, 158, 151
nonzero winding number rule, 125-26
odd-even rule, 125
scan-line algonthm, 117-27
soft fill, 162-63
tint fill, 162
unbundled attributes, 168
Area sampling, 172, 174, 539
Aspect ratio, 40
Aspect source flag, 168
Area-subdivision visibility algorithm, 482-85
Artificial reality (see Virtual reality)
Attentuation function. 506
Attribute, 77
area-fill, 158-63, 169
bundled, 168-6%
brush, 149-52
character, 163-68, 169-70
color, 154-57
curve, 152-54
grayscale, 157
individual, 168
inquiry funchions, 170
mtensity level. 155 (sec also Color Intensity
levels)
line color, 149-50, 168-69
Line type, 144146, 168-69
line width, 146- 49, 168-69
marker, 167-68, 170
parameter, 144
pen, 149-52

structure, 253-54
systern list, 144
table, 306
text, 163-68, 169-70
unbundled, 168
Axis:
reflection, 201
rotation, 186, 413-20
shear, 203
Axis vector (rotation), 414-15
Axis vectors (basis), 609
Axonometric projection, 440

B

Back-face detection, 471-72
Back plane (clipping) 447
Background (ambient) light, 497
Bar chart, 11-12, 137-38
Barn doors (light control), 504
Baseline (character), 164
Base vector, 609 (ser also Basis)
Basis:
coordinate vectors, 609
normal, 609
orthogonal, 609
orthonormal, 609
Basis functions, 319 (se¢ also Blending
functions)
Basis matrix (spline), 320
Beam-penetration CRT, 4243 (see also
Cathode-ray tube)
Bernstein polynomials, 327
Beta parameter, 345
Beta-spline, 345-47
Bevel join, 149
Bézier:
blending functions, 327-28
B-spline conversions, 350
closed curve, 330
cubic curve, 331-33
curves, 327-33
design techniques, 330-31
matrix, 333
properhes, 329-30
surfaces, 333-34
Bias parameter (spline). 325, 346
Binary space-partitioning tree, 362 (see also
BSP tree)
Binding (language), 78
Bisection root finding, 622
BitBlt (bit-block transfer), 210
Bit map, 40 (see also Frame buffer)
Bitmap font, 132-33
Blending functions, 319
Bézier, 327-28
B-spline, 335
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Blending functions (cont.)
cardinal, 325
Hermite, 323
Blodk tranafer, 210
Blotby object, 314

c]\Yamder, 164
nonrigid, 393
rigid, 185, 196
Boolean operations:
area-fill, 161
raster transformations, 210
Boundary conditions (spline), 317, 318-19
Boundary-fill algorithms:
8-connected region, 127
4-connected region, 127-30
Boundary representation, 305
Bounding:
box, 161
rectangle, 94, 161
volume, 535
Box covering, 366
Box filter, 174-75
Box dimension, 366
B-rep (boundary representation), 305
Bresenham's algorithm:
circle, 98
line, 88-92
Brightness (light), 566
Brownian motion, 372
Brush and pen attributes, 149-52
BSP:
ray tracing, 536
tree, 362

visibility algonthm, 481-82
B-spline:
Bézier conversions, 350
blending functions, 335
Cox-deBoor recursion formulas, 335
cubic, 139-41
curves, 334-44
kriot vector, 335
local control, 335, 33
matnx, 341
nonuniform, 336, 343-44
nonuniform rational (NURB), 347
open, 336, 34144
periodic, 337-41
properties, 335-36
quadratic, 338-39, 342-44
rational, 347
surfaces, 344-45
tension parameter, 341
uniform, 336-44
Buffer, 40 (see also Frame buffer)
Bump function, 558 (see also Frame mapping)
Bump mapping, 558-59
Bundled attributes, 168 -69
Bundle table, 168
Business visualization, 25, 395 (see aiso Data
visualization)
Butt hine cap, 147
Button box, 61, 279

C

Cabinet projection, 443

CAD, 4-11

Caliigraphic (vector) display, 41
Camera viewing, 433-36
Camera lens effects, 541
Capline (character). 164
Cardinal spline, 323-25

640

Cardioid, 13940
Cartesian coordinates, 600601, 602
Cathode-ray tube, 3640 (se¢ also Video monitors)

aspect ratio, 40

beam intensity, 38

beam penetration, 42-43

color, £2-45

components, 37-38

electron gun, 37

delta-deita shadow mask, 43

electrostatic beam deflection, 38-39

focusing, 38

high-definition, 40

inline shadow-mask, 44

magnetic beam deflection, 37, 38

persistence, 39

phosphor, 37-39

refresh rate, 40-41

resolution, 39-40

RGB, 45

shadow-mask, 4344
Catmull-Rom spline, 325
Cavalier projection, 443
Cell array, 131
Cell encoding, 56
Cels, 588
Center of projection, 438
Central structure store (CSS), 251
CGI (Computer Graphics Interface}, 79
CGM (Computer Graphics Metafile), 79
Character:

attributes, 163-68

baseline, 164

body, 164

bottom line 164

capline, 164

color, 164

descender, 164

fonts, 132, 163

functions, 163-168

generation, 132-34

grid, 55-56, 132-33

height, 164

itahic, 163

kern, 164

outline fonts, 55-56, 132 133

text precision, 166-167

topline, 164

typeface, 132-33, 163

up vector, 165

width, 164-65
Characteristic polygon, 316
Chart:

bar, 11-12,137-38

pie, 11-12, 138-40

time, 11, 13

lire, 11, 136-37
Choice input device, 276, 279
Chromaticity, 567

diagram, 569-71

values, 569
CIE (International Commission on Illumination),

568

Circle equation
Cartesian, 97
nonparametrnic, 97, 619
parametric, 97,619
polag, 97

Circle-generating algorithms, 97-102
Bresenham, 98
midpoint, 98-102
midpoint function, 96-99
midpoint decision parameters, 9

Cohen-Sutherland line algorithm, 226-30, 232
curves, 244
Cyrus-Beck line algorithm, 230
exterior, 245, 246
hardware implementation, 46364
in homogeneous coordinates, 461-63
Liang-Barsky line algorithm, 230-32
Liang-Barsky polygon algorithm, 243
Nichol-Lee-Nichol line algorithm, 233-35
nonrectangular window, 235
in normalized coordinates, 224, 458-61
parallel methods, 239
parametric, 230-32
planes, 447-50, 456-63
points, 225
polygons, 237-43
region codes, 227, 460
straight line segments, 225-37, 456, 460-61
Sutherland-Hodgman polygon algorithm,
238-42
text, 244, 745
three-dimensional, 45653
two-dimensional, 224-45
view volumes, 447-50, 456-63
Weiler-Atherton polygon algorithm, 242-43
window, 224
in world coordinates, 224
CMY color model, 574-75
Codes (ray tracing), 541
Coefficient:
ambient-reflection 499
diffuse-reflection, 498
matrix, 620
specular-reflechon, 501-2
transparency, 510
Cohen-Sutherland line-clipping algorithm,
226-30, 232
Coherence, 119-24, 471
Color:
chromatiaty, 567
chromaticity diagram, 569-71
chromaticity values, 569
coding, 25, 396
complementary, 568, 570
cube, 572-73 (see also Color models)
dominant frequency, 566
dominant wavelength, 566, 569-70
fill, 154-63
gamut, 568, 570-7]
hue, 566, 575, 579
luminat C, 570
in illumination models, 507-8
intuitive concepts, 571-72
lighiness (HLS parameter), 579
line, 149-52, 166-69
lookup table, 155-56
marker, 168, 170
matching functions, 568
model, 565, 568
monitor, 42-45 (see also ideo monitor)
nonspectral, 571
perception, 566--67
primaries, 568
pure, 567, 569
purity, 567
purple line, 570
RGB, 155-57
saturation, 567, 575, 579
selection considerations, 580-81
shades, 571, 577



spectrum (electromagnetic), 565

standard CIE primaries, 568-69

table, 155-56

text, 164, 169

tints, 571, 577

tones, 571, 577

tristimulus vision theory, 572

value (H5V parameter), 575
Color model, 565. 568

additive, 569, 572

CMY, 574-75

HLS, 579-80

HSB (see HSV modely

HSV, 575-77

HSV-RGB conversion, 578-79

RGB, 572-73

RGB-CMY conversion, 575

XYZ, 56%

Y1Q, 574
Color-table animation, 586-87
Column vector, 611
Command icon, 273
Commission Internationale de I'Eciairage (CIE),

568

Complementary colors, 568, 570
Complex number:

absolute value, 616

conjugate, 616

Euler’s formula, 617

imaginary part, 615

length (modulus), 616

modulus, 616

ordered-pair representation, 615

polar representation, 616-17

pure imaginary, 615

real part, 615

roots, 617
Complex plane, 615
Composite monitor, 44-45
Composition (matrix), 191
Computed tomography (CT), 32
Computer-aided design (CAD), 4-11
Computer-aided surgery, 33
Computer art, 13-18
Computer Graphics interface (CGh), 79
Computer Graphics Metafile (CGM), 79
Concatenation (matrix), 191, 612-13
Concave polygon splitting, 235-37
Cone filter, 174, 175
Cone receptors, 572
Cone tracing, 540 (see also Ray tracing)
Conic curves, 110-12, 348-49
Conjugate (complex), 616
Constant-intensity shading, 522-23
Constraints, 286-8%
Constructive solid geometry (CSG), 356

mass calculations, 359

octree methods, 361-62

ray-casting methods, 357-59

volume calculations, 358-59
Continuity conditions (spline):

geometric, 318-19

parametric, 317-18
Continuity parameter, 325
Continuous-tone images. 515, 516 (sce also

Halftone)

Contour (intensity border), 515, 518
Contour plots:

applications, 11, 12, 25

surface lines, 489-90

three-dimensional (isosurfaces), 398

two-dimensional {isolines), 396-97
Contraction (tensor), 402

Control graph. 316
Control icon, 273
Control operations, 78
Control point (spline}, 316
Control polygoen, 316
Control surface (terrain), 376-77
Convex hull, 316
Coordinate-axis rotations, 409-13
Coordinate-axis vectors (basis). 609
Coordinate extents, 94
Coordinate paint, 602, 605, 612
Coordinates:
absolute, 96
current posihon, 96
homogeneous, 189
relative, %
screen, 114
Coordinate system.
Cartesian, 600 - 601, 602
curvilinear, 602
cylindrical, 603 -4
device, 76
left-handed, 435, 602
local, 76, 265
master, 76, 265
modeling, 76, 265, 426-29
normalized device, 76
normalized projection, 458
orthogonal, 603
polar, 601-2,
night-handed, 602
screen, 54, 76, 114
spherical, 604
three-dimensional, 602-4
transformation of, 205-7, 219-20, 426-29
two-dimensional, 600-602
won, 435-38
viewing, 218, 219-20, 432-36
world, 76
Copy function. 219
Cox-deBoor recursion formulas, 335
Cramer's rule, 621
Cross hatch fili, 158, 159
Cross product (vector), 608-9
CRT, 36-40 (se¢ ulso Cathode-ray tube)
CSG, 356 (see also Constructive solid geometry)
CT (Computed Tomography) scan, 32
Cubic spline, 112, 319
beta, 34647
Bézier, 331-33
B-spline, 339-41
interpolation, 320-27
Current event record, 286
Current position, %6
Curve
attmbutes, 152-54
beta spline, 345 -46
Beézier spline, 327
B-spline, 334-35
cardinal spline, 323-24
cardioid, 13%-4()
Catmuli-Rom spline, 325
circle, 97, 111
conic section, 110-12, 348-49
ellipse, 102-3
fractal, 362-66 (see also Fractal curves)
generalized function, 113
Hermite spline, 322
hvperbola, 111, 112
Koch (fractal), 367
Kochanek-Bartels spline, 325
himagon, 139-40
natural sphire, 221

Subject Index

Overhauser spline, 325
parabola, 112
parallel algorithms, 112-13
parametric representations, 112, 619
piecewise construction, 315-16
polynomial, 112
spiral, 139-40
spline, 112, 315-20 (see alse Spline curve)
superquadric, 312-13
symumetry considerations, 97-98, 103, 112
Curved surface,
ellipsoid, 311
paramerric representations, 619-20
quadric, 310-12
rendening (see Surface rendering)
sphere 311
spline, 316 {see also Spline surface)
superquadric, 312-13
torus, 311-12
wvisibility, 487-90, (see also Visible-surface
detecnion)
Curvilinear coordinates, 602
Cutaway “iews, 300, 302
Cylindnical coordinates, 603-4
Cyrus-Beck line-clipping algonthm, 230

D

Damping constant, 595
Dashed lne, 144-46
Data glove, 64, 65, 292-93 (see also Virtual reality)
Data tablet, 64 (see also Digitizer)
Data visualization:

apphcations, 25-31

contour plots, 396-97

field lines, 400

glyphs, 403

isolines, 39%6-97

isosurfaces, 398

multivanate fields, 402-3

pseudo-color methods, 396

scalar fields, 395-99

streamhines, 400

tensor fields, 401-2

vector fields, 400-401

volume rendering, 399
DDA line algorithm, 87-88
Deflection coils, 37, 38 (see also Cathode-ray tube)
Delia-delta shadow -mask CRT, 43
Density function (blobby object), 514
Depth-butter algorithm, 472-75
Depth cueing, 299-300
Depth-sorting algorithm, 478-81
Descender (character), 164
Detectabilitv filter, 284-85
Determinant, 613-14
Device codes, 281-82
Device courdinates, 76
Differennal scaling, 188
Diffuse reflection, 497-500
Diffuse retraction, 509
Digitizer, 64

accuract. 65, 66

acoustic, 66-67

apphications, 13-15

electromagnetic, 65-66

locator device, 277

resolution, 65, 66

sonic, 66

stroke device, 277

three-dimensional, 67

valuator device, 278
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Dimension

Euchdean, 363

fractal 363, 304 -66

fractional. 363
Ihrected Line segment (vector), 605
Dircchon angles, 606
irecnon cosmes, 606
Direct-view storage tube {DVST), 45
isplay

Coprocessar, 85

controller. 53

deviges, 36 52 Gee diso Video monutors; Display

processors)
file 42, 56
list, 42 =4
processor 8% bo
provessing uni, 5o
program 42, 50
IMstance
posnt (o hine, 279-80
ray-tracing pafh, R31-34
IMstributed Light source, 496
Iistributed rav tracing, 540-43
Distribution rav tracing, 541
itheninyg, 519
dotdinision methesd, 522
error diffusion method, 520 22
matriy 520
notse, 519-20
ordered-dither method, 520
randem, 320-21
Dominant frequency, 566
Dommant wavelength, 566, 569-7C
Dot product. &07-58
Dot-matrix printer, 72
Pot-diffusion algorithm, 322
Double buftering, 55
Dragginy. 291
Drawing methods, 291 92
VST 45
Dvnamns 395 96 (< also Amimation)

{

Edge st stables, 121-22. 306 -7, 47¢-77
kdge vector, 126
8-connected region, 127
Elashic matenial (nonngid object), 393
Electromagnetic spectrum, 565
Electron beam: (see also Cathode-ray tube)
convergence, 38
elcctrostatic deflection. 38, 39
focusing, 38
intensity, 38
magnetic deflection 7,38
spot size, 39- 40
Flectron pun, 37 (sec idw C athode-ray tube)
Electrastatic printer, 73
Electrothermal printer. 73
tlement tetructure), 253
Element pointer, 258
Flevauon view, 440
Flhipse
Cartesian equation, 102
focus pomt, 102
midpoint algonthm, 103-10
parametnic representation, 103
properties, 103
symmetry. 103
Elhipsad. 311 12
bEmissive displavs (emitter), 45
Enerpy cloth-modeling function, 394
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Energy distnibution (light ~c urce), 567
Energy propagaton (radiositv) 544
Environment array, 552

Environment mapping, 552
Error-diffusion algorithm, 510-22

Euler’s formula, 617 {see alsc Complex numbers)

Even-odd polygon-filling rule, 125
Event, 285

input mode, 281, 285- 37

queue, 285
Expliat representanon, €13
Exploded view. 300, 301
Exterior chpping. 245, 246

F

False-pos:tion root tinding, n22
Far plane (chpping), 447
Fast Phong shading, 526-27
Feedback 275-76
Ficld hnes, 400
Fill,
algorithms (see Area fillina:
area, 77, 117
attributes, 158-63 tsee ulsc Area filling)
color, 158
hatch, 159, 161
patterns, 159-62
soft, 162-63
styles, 158
tint, 162
Filter-
box, 174. 175
cone, 174,175
function, 174
Gaussien, 174-75
structure, 253-54, 284 - 8>
workstation pick detectabiiity, 284 -85
Fixed position {scaling), 188 193, 421
Flaps (light control), 504
Flat-pane: displav, 45
emissive, 45
gas-discharge, 43
light-emitting diode (LEC), 46-47
liquid-crystal (LCD), 47--48
nonemissive, 45
passive-matrix. 47
plasma 45-46
thin-Alm electroluminescent, 46
Flat shading, 522
Flight simulators, 21-24
Flood-fill algorithm, 130
Flood gun, 45
Focus point (ellipse), 102
Font, 132 (see also Typeface)
bitmap, 132-33
cache, 133
outline, 132. 133
proportionallv spaced, 164
Force constant, 393
Form factors (radiosity), 54¢
Forward differences, 351-53
4-connected region, 127-24
Fractal:
affine construchons, 372-7R
box-cavering methods, 306
Brownian motion, 372-78
characteristics, 362-63
classification, 364
dimension, 363, 364- 67
generation procedures, 103-64
generalor, 367

geomelic constructions, 367-71
geometry, 362
thator, 367
invariant set, 364
random miapoint-displacement methods,
373-78
self-affine, 364
self-inverse, 364
self-inversion methods, 385-87
self-similar 364
self-similarity, 362
self-squaring. 364
self-squartng methods, 376-85
similarity dimension, 365
subdivision methods, 373-78
topological vovering methods, 365-66
Fractal curve
Brownian motion 372
dimension, 366
fractional Browniin motion, 372-75
geometric construclions, 367-68
invariant, 379-87
inversion constru.tion methods, 385-87
Julia set, 37¢
Koch, 367
Mandelbrot set beundary, 381-84
midpoint displacement, 373-75
Peano, 366
self-affine, 372-7'
self-inverse, 385-87
self-similar, 367-71
self-squaning, 379 -84
snowflake, 367 -68
Fractal sohd, 366
Fractal surface
Brownian, 372-78
dimension, 366
four-dimensional, 384 -85
geometric constructions, 369-71
midpoint-displacement, 373-78
self-similar, 369-71
self-squaring, 384 - 85
surface rendening 376
terrain, 372-78
Fractional Brownian motion, 372-78
Fractional dimension, 366
Frame (amumation), 585
Frame buffer: 40, 84
it-block transfers, 210
copy functicn, 210
loading intensity values, 94-95
lookup table. 155- 56, 513
raster transformations, 210-11
read function, 210
resolution, 40
write function, 210
Frame mapping, 55%-60
Fresnel reflection laws, 501
Frequency spectrum (electromagnetic). 565
Front plane (chpping), 447
Full-color system, 4%
Frustum, 447
Functions, 77-78 (sev afso Function Index)

G

Gamma correction, 513-15
Gamut {color), 568, 570-71
Gas-discharge displays, 45
Gaussian bump, 314

Gaussian density function, 314-15
Gaussian elimination, 621



Gaussian filter, 174-75
Gauss-Seidel method, 621
Generator (fractal), 367
Geometric continuity (spline), 318-19
Geometric models, 261
Geometric-object properties, 114-17
Geometric production rules, 387-89
Geometric table, 306-7
Geometric transformations, 77, 184, 408
GKS (Graphical Kernel System), 78
GL (Graphics Library), 76, 251, 264, 327, 432, 434,
435, 439,458 .
Global lighting effects, 497,527, 544
Glyph, 403
Goal-directed motjon, 595
Gouraud shading model, 523-25
Graftal, 389
Graphical user interface:
applications, 34
backup and error handling, 274-75
components, 272-76
feedback, 275-76
help facilities, 274
icons, 34, 273
interactive techniques, 288-93
menus, 34, 273
model, 272
user dialogue, 272-73
user’s model, 272
windows, 34, 273
Graphics applications,
advertising, 8, 17-18
agriculture, 27, 28
animations, 5-7, 17-18, 19-24
architecture, 10, 11
art, 13-18
astronomy. 25
business, 11-13, 17-18, 25, 31
CAD, 4-11
cartugraphy, 11
education, 21-24
engineering, 4-9
entertainment, 18-21
facility planning, 9, 10
flight simulators, 21-24
geology, 32
graphs and charts, 11-13
image processing, 32-33
manufacturing, 8-9
mathematics, 14-17, 25-27
medicine, 32-33
moedeling and simulations, 4-8, 21-25, 25-31
physical saences, 25-31, 32
publishing, 17
scientific visualization, 25-31
simulations, 5-10, 21-31
simulators, 21-25
training, 21-24
user interfaces, 34
virtual reality, 5-8, 466-67
anlhics controller, 55, 56
Graphics functions, 77-78 (see also Function Index)
Graphics monitors, 36-52 {see also Video monitors)
Graphics software packages
hasic funchons, 77-78
GKS, 78
GL, 76, 251, 264, 327, 432, 434, 435, 439, 458
PHIGS, 78
PHIGS+, 78
standards, 78-79
three-dimensionai, 302-3
Graph plotting, 136-39 (see also Charts)
Graphics tablet. ) 3-15, 64«67 (see alsa Diginzer)

Gravitational acceleration, 111
Gravity field, 290
Grayscale, 157
Gnds:
character, 55-56, 132-33
in interactive constructions, 289-90

H

Haiftone, 516
approximations, 516-1%
color methods, 519
dithering, 519-22
patterns, 516
Halfway vector, 503
Hard-copy devices, 72-75
Hatch fill, 159, 161
Hausdorff-Besicovitch dimension, 366
Head-mounted display, 6-7 (se¢ also Virtual
reality)
Hemicube (radiosity), 548-49
Hermite spline, 322-23
Hexcone (HSV), 576
Hidden-line elimination, 490
Hidden-surface elimination, 470 (see-also Visible-
surface detection)
Hierarchical modeling, 266-68
High-definition video monitor, 40
Highlighting:
as depth-cueing technique, 299-300
primitives, 287
specular reflections, 497, 500-504
structures, 253-54, 287
HLS color model 579-80
Homogeneous coordinates, 189
Hooke’s law, 393
Horizontal retrace, 41
Horner's polynomial factoring method, 351
HSB color model (ser HSV model}
HSV color model, 575-77
Hue, 566, 575, 579
Hyperbela, 111, 112

Icon, 34,273

Ideal reflector. 498

Hluminant C, 570

Nllumination model, 495
ambient light, 497
attentuation function, 506
basic components, 497-511
color considerations, 507-8
combined diffuse-specular, 504
diftuse reflection, 497-500
flaps, 504
ideal reflector, 498
intensity attentuation, 505-6
hight sources, 496- 97
multiple light sources, 504
opaaity factor, 510
Phong, 501-~4
refraction, 508-10
shadows, 511
Snell’s law, 509
specular reflection. 500-504
spotlights, 504
Iransmission vector, 510
transparency, 50811
Warn, 504

{mage-order scanning, 554

Subject Index

Image processing, 32-33
Image scanners, 67, 68
Image-space methods (visibility detection), 470
Imaginary number, 615
Impact printer, 72
Implicit representation, 618
In-betweens, 585
Index of refraction, 509
Initintor (fractal), 367
Ink-jet printer, 72-73
Inner product {vector), 607
In-line shadow-mask CRT, 43
Input devices:
button box, 61, 279
choice, 276, 279
data glove, 64, 65,292-93
dials, 61, 62
digitizer, 64—67, 277-80
graphics tablet, 64
initializing, 287-88
joystick, 6364, 277-80
keyboard. 61, 277-80
light pen, 70, 71
locator, 276, 277
logical classification, 276
mouse, 61-62, 277-80
pick, 276, 27980
scanner, 67, 68
spaceball, 63
string, 276, 277
stroke, 276, 277
switches, 61, 62
three-dimensional sonic digitizers, 67
touch panel, 68-70
trackball, 63
valuator, 276, 277-78
voice systems, 70-71
Input functions, 78, 281-87
Input modes:
concurrent use, 287
event, 281, 285-87
request, 281, 282-65
sample, 231, 285
Input priority, 283
Inquiry functions, 170
Inside-outside test:
polygon odd-evenrule, 125
polygon nonzero winding number rule, 125-26
spatial plane surface, 308 ’
Inside polygon face, 308
Instance, 261 (see also Modeling)
Integral equation solving:
rectangle approximations, 622
Simpson's rule, 623
trapezoid rule, 623
Monte Carlo methods, 623-24
Intensity:
attentuation, 505-6
depth cueing, 299-300
interpolation shading (Gouraud), 523
modeling. 495-97 {see also Illumination
models)
radiosity model, 544 -51
Intensity level:
adjusting, (scc Antaliasing)
assigning. 512-13
color lookup tables, 155-56
conlours {borders). 515, 518
frame-butfer storage, 240
gamma correction, 513-15
ratio, 512
RGB, 507--8
video lookup table, 135, 513

643



Subject Index

Interactive picture construction techniques,
288-92

Interlacing scan lines, 41

International Commision on [llumination (CIE),

568
Interpolation spline, 316

Inverse geometric transformations, 190, 409, 413,

421-22
Inverse dynamics, 5%
Inverse kinematics, 596
Inverse matrix, 614
Inverse quaternion, 618
[nverse scanning, 554
1SO (International Standards Organization), 78
Isolines, 3%6-97
Isometric joystick, 64
isometric projection, 44041
Isosurfaces, 398

J

Jaggres, 85 (see also Antialiasing; Anti liasing)

chromaticity diagram, 569-71

diffuse reflection, 497-500

diffuse refraction, 509

frequency band, 565

hue, 566

ideal reflector, 498

index of refraction, 509

illuminant C, 570

illumination model, 495 (see also lllumination
models)

intensity-level assignment, 512-13

Lambert's cosine law, 498

Phong specular model, 501-4

properties, 565-68

purity, 567

reflection coefficients, 497-502

refraction angle, 509

saturation, 567, 575, 574

spectrum, 565

specular reflection, 500-504

specular refraction, 509

speed, 566

Jittering, 541
Joystick:
as locator device, 277
movable, 63-64
as pick device, 279
pressure sensitive (isometric), 63, 64
as stroke device, 277
as valuator device, 278
Julia set, 379

K

Kemn, 164
Keyboard, 61

as choice device, 279

as locator device, 277

as pick device, 280

as string device, 277

as valuator device, 278
Key frame, 585
Key-frame system. 587
Kinematics, 588, 595-96 (s¢e wlso Animation)
Knot vector, 335
Kochanek-Bartels spline, 325-27
Koch curve, 367

L

Lambertian reflector, 498
Lambert’'s cosine law, 498
Language binding, 78
Laser printer, 72
LCD (hquid-crystal display}, 47-48
Least-squares data fitting, 625
LED (hght-emitting diode), 46-47
Lefi-handed coordinates, 435, 602
Legible typeface, 132
Length

complex number, 616

vector, 605
L-grammar, 389
Liang-Barsky clipping.

polygons, 243

two-dimensional hnes. 230-32
Light-

ambient, 497

angle of inaidence, 499

chromaticity, 567
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t parency coefficient, 510
wavelength, 566
white, 567, 570
Light buffer (ray tracing), 537
Light-emitting diode (LED), 46-47

Lighting model, 495 (see also Illumination model}

Lightness (HLS parameter), 579
Light pen, 70, 71
Light source:
brightness, 566
distributed. 496
dominant frequency, 566
dominant wavelength, 566
energy distribution, 567
frequency distribution, 565
luminance, 566
multiple, 504
point, 496
Limagon, 139, 140
Line:
bundled attributes, 166-69
chart. 11, 136-37
clipping, 225-37 (scz also Line clipping)
color, 149-50
contour, 11, 12, 25, 396--97
dashed, 144-46
function, 95-96
parametric representation, 230, 444
pen and brush options. 149, 154
samphng,. B7, 88--8¢
slope-intercept equation, 86
type, 144-46
width, 146-49
Linear congruential generator, 624
Linear equation solving:
Cramer'’s rule, 621
Gaussian elimination, 621
Gauss-Seidel, 621
Line caps, 147
Line clipping.
Cohen-Sutherland, 226-30, 232
Cyrus-Beck, 230
Liang-Barsky, 230 -32
Nichoi-Lee-Nichol, 233-35
nonrectangular clip window, 235
parallel methods, 239
parametric, 230-32
three-dimensional, 450
Line-drawing algorithms, 86-95
antialiasing, 172-76
Bresenham, 88-92

DDA, 87-88
frame-buffer loading, 94-95
parallel, 92-94
Liquid-crystal display (LCD), 47-48
Local coordinates, 76, 265
Local control (spline), 332, 335, 336
Local transformation matrix, 266
Locator input device, 276, 277
Logical input device, 276
Look-at point, 434
Lookup table, 155-56, 513
Luminance, 544, 566

M

Mach band. 525
Mandelbrol set, 381-84
Marching cubes algorithm (see lsosurfaces)
Marker, 133-34
Marker attributes 167-68, 170
Mask, 146, 517 (sce also Pixel: mask)
Mass calculations (CSG), 359
Master coordinates, 76, 265
Matrix, 611

addition, 612

basis (spline), 320

Bézier, 333

B-spline, 341

cardinal, 325

coefficient, 620

column, 611

concatenation, 191, 612-13

determinant, 6:3-14

dither, 520

Hermite, 323

identity, 614

inverse, 614

multiplication, 612-13

nonsingular, 614

reflection, 201-3, 422

ow, 611

rotation, 186, 190, 193, 410-12, 118-20

scalar multiplication, 612

scaling, 187, 192, 192, 421

shear, 203-4, 423

singular, 614

spline charactenization, 320

square, 611

translation, 18%. 190, 408

transpose, 613
Medical applications, 32-33
Menu, 34, 273
Mesh (polygon), 306, 309-10
Metaball model, 315
Metafile, 79
Metnic tensor, 610--11
Midpomt circle algorithm, 93-102

Midpoint-displaceinent fractal generation, 373-78

Midpoint ellipse algorithm, 103-10

Miter join, 148-49

Mode (input device), 281

Model. 261

Modeliqg, 261 (se¢ also Graphics applications;

Object representations; [llununation models)

basic concepts, 260-64
coordinates. 76, 265, 426-29
display procedures, 261, 266
geometri:, 261

hierarchical, 262-63
instance, 26!

local coordinates, 265
master coordinates, 265



modules, 262
packages, 263~ 64
physically based, 393-45, 588, 596
representations, 261-62
structure hierarchies, 266-68
symbol, 261
symbol hierarchies, 262-63
transformations, 77, 265-68, 426-29
Modules, 262
Modulus (complex), 616
Monte Carlo methods, 623-24
Monitor, 36-52 (see also Video monitor}
Monitor response curve, 513
Morphing, 18, 588-91
Motion blur, 541, 542-43
Motion specification, 594-96
Mouse, 61-63
as choice device, 279
as locator device, 277
as pick device, 279
as stroke device, 277
Multivariate data visualization, 402-3

N

National Television System Committee (NTSC ),
514, 573, 574
Naturati spline, 321
Near plarne (clipping), 447
Newton-Raphson root-finding, 621-22
Newton's second law of motion, 5%
Nicholl-Lee-Nicholl line-clipping, 233-35
Noise (dither}, 519-20
Nonemissive displays, 45
Nonemitter, 45
Nonlinear-equation solving:
bisection, 622
false-position, 622
Newton-Raphson, 621-22
Nonparametric representations, 618-19
Nonrigid object, 393
Nonsingular matrix, 614
Nonspectral color, 571
Nonuniform B-splines, 336, 343-344
Nonuniform (differential) scaling, 188
Nonuniform rational B-spline (NURB), 347
Nonzero winding number rule, 125-26
Notrmal hasis, 609
Normalized device coordinates, 76
Normaiized projection coordinates, 458
Normalized view volumes, 458 (s als¢ Qlipping)
Normal vector:
average (polygon mesh), 523
curved surface, 558
interpolation (Phong shading), 525
plane surface, 308-9
view-plane, 434-36
NTSC (National Television System Committee),
514,573, 574
Numerical methods:
bisection method, 622
Cramer’s rule, 621
false-position method, 622
Gaussian eimination, 621
Gauss-Seidel method, 621
integral evaluations, 622-24
least-squares data fitting, 625
linear equations, 620-21
Monte Cario methods, 623-24
Newton-Raphson method, 621-22
nonlinear equations, 621-22
root finding, 621-22

Simpson's rule, 623

trapezoid rule, 623
NURB (Nonuniform rational B-spline}, 347
Nyquist sampling mnterval, 171

0]

Object:
nonngid (flexible), 393
as picture component, 77, 251
rigad, 185, 196-97
Object geometry, 114-17
Object representation
beta splines, 345--47
Bézier splines, 327-34
boundary (B-rep), 305
B-splines, 334-45
BSP trees, 362
blobby surfaces, 314-15
CSG methods, 356-59
cubic spline interpolation, 320-27
data visualization, 395-403
explicit, 618
fractal curves and surfaces, 362-87
implicit, 618
nonparametric, 618-19
octrees, 359-62
parametric, 619-20
particle systems, 390-92
physically based modeling, 393-95
potygon, 305-10
quadric surfaces, 310~12
rational splines, 247-49
shape grammars, 387-89
space-partitioning methods, 305
superquadrics, 312-14
sweep constructions, 355-56
Object-space methods (visibility detection), 470
Oblique projection. 439, 441-47, 447-50, 45253
Cctree, 35%
CSG operations, 361-62
generation, 36061
visibility detection, 362, 485-87
volume element, 360
voxel, 360
Odd-even polygon-filling rule, 125
One- point perspective projection, 446
Gpacity factor, 510
Order (spline curve continuity), 317-19
Ordered dither, 520
COrthogonat basis, 609
Orthogonal coordinates, 603
Orthographic projections, 439, 441, 447-48
Orthonormal basis, 509
Outline font, 132, 133
Qutput primitives, 77
cell array, 131,132
circle, 97-102
character, 131-34
conic section, 110--12
ellipse, 102-10
fill area, 117-30
marker, 133-34
point, 84-86
polynomial, 112
spline, 112
straight line segment, 85, 86-94
text, 131-33
Outside polygon face, 308
Overhauser spline, 325

Subject Index

P

Paintbrush programs, 13-16, 291-92

Painter ‘s algorithm (depth sorting), 478

Panning, 219
Parabola, 112
Paralle] algorithms:
area-filling, 120-21
curve-drawing, 112-13
linedrawing, 92-94
Paralle) projection, 298-99, 438
axonometric, 440
cabinet, 443
cavalier, 443
elevation view, 440
isometric, 440-41
obl:que, 439, 441-43, 447-50, 452-53
orthographic, 439, 441, 447-48
plan view, 440
principal axes, 440
shear transformation, 442, 453
view volume, 447-50
Parametric continuity (spline), 317-18
Parametric representations, 619-20
circle, 97, 619
curve, 111-12, 619
ellipse. 103
ellipsoid, 311-12
sphere, 311, 620
spline, 112, 315-16
straight line, 230, 444
surface, 619-20
torus, 311-12
Parametrized system, 587
Parity (odd-even} rule, 125
Particle systems, 390-92
Path (text), 166
Passive-matrix LCD, 47
Pattern fil}, 159-61
index, 159
reference point, 159-60
representation, 159
size, 159
tiling, 160
Pattern mapping, 554
Pattern recognition, 277
Peano curve, 366
Pel, 40
Pen and brush attributes, 149, 150, 154
Penumbra shadow, 542
Perfect reflector, 498
Persistence, 39
Perspective projection, 299, 438
frustum, 447
one-point, 446
principal vanishing point, 446
reference point, 438
shear transtormation, 454-56
three-point, 446
two-point. 446
vanishing point, 446
view volume, 447-49

PET (Position emission tomography) 32-33

Phase angle, 595
PHIGS, 78 (see also Function index)

attributes, 145, 146, 149, 156, 158-59, 164-70

input, 281.-87, 302
modeling, 267-68, 427

output primitives, 95-96, 113, 131, 133, 302

structures, 25160

three-dimensional transformations, 425-26

three-dimensional viewing, 46466
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PHIGS (cont »
two-dimensional fransformations, 208-9
two-dimensional viewing, 222-23
waorkstation, 79
PHIGS+, 78
Phong specular-reflection model. 501-4
Phong shading, 525-27
Phospher, 37-39
Photorealism, 495
Physically based modehing, 393-95, 588, 596
Dick
distance, 279- 80, 288
filter, 28485
wdennfier, 284
mput device, 276, 279-80
window, 280
Pickabihty (structure), 254
Pickang: 284
Picture element (pixel), 40
Piecewise approximation (sphine;, 315-16
Pie chart, 11-12, 138-40
Pitteway-Watkins antialiasing, 177-78
Pivot paint, 186
PixBit, 210
Pixel, 40
addressing, 114-1°
gnd, 114
mask, 146, 149-51, 152, 517
patterns (halftone), 516
phasing, 172
ray, 528-29
weighting mask, 174, 555
Pixel-order scanning, 554 -55
Pixmap, 40
Plane
clipping, 456-61
coefficients, 308
complex, 615
equations, 308-9
far (clipping), 447
inside-outside taces, 308
near (chpping), 47
normal vector, 308 -9
Plan view, 440
Plasma-panel display, 45-46
Plotters: (see also Pninters)
beitbed, 74
coloy, 73,74
drum, 74
flatbed, 74, 75
ink-jet, 72-73, 74
laser. 72, 73, 74
pen, 74, 75
rollfeed, 74, 75
Point:
chpping, 225
control (spline), 316
coordinate, 602, 605, 612
piotting, 84-86
sempling, 87
as unst of character size, 164
Point light source, 4%
Polar coordinates, 601-2, 634
Polar form (complex number), 616-17
Polygon:
active edge list, 122, 477
characteristic, 316
control. 316
edge vector, 126
Il 117-27 (see also Area filling)
inside face, 308
inside-outside tests, 125-26 (se¢ also Plane)
mesh, 306, 309-10
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normal vector, 308- 9

outside face, 308

plane equation, 307-9

rendening (shading) 522-27

ray intersection, 533- 34

sorted edge table, 121

splitting, 235-37

surface, 305-6

surface detail, 553-54

tables, 121-22, 306-7, 476 -77
Polygon clipping.

parallel methods, 239

parametric methods, 243

Sutherland-Hodgeman 238-42

three-dimensional, 456--57

Weiler-Atherton, 242-43
Polyline, 95-96
Polyline connections. 146 -49
Polynomial curve, 110
Position emussion tomography (PET). 32-33
Positioning methods, 288
Posthiltering, 172 (see also Antialiasing)
Posting (structures), 252
Precision (text}, 166-67
Prefiltering, 172 (see also Anualiasing)
Presentation graphics, 11-13
Pressure-sensitive jovstich, 63, 64
Primary colors, 568, 569
Primitives, 77 (see also Output primitives)
Principal axes, 440
Principal vamishing pant 446
Printers:

dot-matnx, 72

electrothermal, 73

impact, 72

laser, 72,73, 74

nonimpact, 72

electrostatic, 73, 74

ink-jet, 72-73, 74
Priority

structure, 252

view-transformation input. 283
Procedural object representation, 362-92
Procedural texture mapping, 556 -57
Production rules, 387-89
Progressive refinement {radiosity), 549-50
Projecting square line cap 147
Projection:

axonometric, 440

cabinet, 443

cavalier, 443

center of, 438

frustum, 447

isometric, 440-41

oblique, 439, 441-43, 447-50, 452-53

orthographic, 439, 441, 447-48

parallel, 298, 439-43 452-54

perspactive, 299, 439, 443-47, 454-56

plane, 433

reference point, 438

vector, 450, 452-53

view volume. 447

window, 447
Pseudo-color methods. 39n
Pure color, 567, 569
Purity (light), 567
Purple Lne, 570

Q

Quadric curves, 310
Quadric surfaces, 310-i2

Quadnlateral mesh, 309-10
Quadtree, 359
Quaternion, 617

addition, 618

in fractal constructions, 384-85

inverse, 618
magnitude, b18
multiphcabon, 618

ordered-pair renresentation, 419, 618

rotations, 419-20

scalar mulhpheation, 618
scalar part, 419, 617
vector part, 419, 618

R

Rad:ant energy (Radiance), 544
Radiosity model, 53451

energy transport equation, 546

form factors, 546
hemicube, 548-49
luminance, 544

progressive refinement, 545-50

reflectivity factor, 546
surface enclosure, 546
Random dither (noise), 520-21

Random mjdpoint-displacement methods, 373-78

Random-scan monitor, 41-42
color, 42
refresh displav file, 42
Random-scan svstem:
display file, 12, 56
graphics controller, 56
processing unit 56
Random walk, 372
Raster animaton, 586-87
Raster ops, 210
Raster-scan monitor, 40-41
bilevel, 40
bitmap, 40
color, 42-45
trame buffer. 4G
horizontal retrace, 41
interlacing. 41
pixel, 40
pixmap, 40
retresh butfer, 40
vertical retrace. 41
Raster-scan svster
cell encoding. 35
display processor, 55
run-length encoding, 55
scan conversion, 55
video controller 53-55
Raster transiormations, 210-11
Rational spline, 347 49
Ray casting:

constructive solid geometry, 357-59
visible-surface detection, 487-88

Ray tracing, 527
adaptive samphng, 538-40
adaptive subdivision, 536-38
antialiasing, 536-43
area sampling. 539
basic algorithm, 528-31
bundles, 538
camera-lens effects, 541
cell traversal. 536-37
codes, 541
cone tracing, 540
distributed, 540 -43
eve ray (see pixel ray)



equation, 531
intersection calculations, 531-35
jittering, 541
tight-buffer method, 537
motion blur, 541, 542-43
pixel (primary) ray, 528-29
polygon intersection, 533-34
in radiosity modei, 550
reflection ray, 529, 530-31
refraction ray, 529, 530
secondary ray, 529
shadow ray, 529-30
space subdivision, 535-38
sphere intersection, 532-33
stochastic sampling, 540
supersampling, 538-40
tree, 529
uniform subdivision, 536
Read function, 210
Readable typeface, 132
Real-time animation, 55, 585, 586
Reference point (viewing), 218, 219, 438
Reflection:
angle of incidence, 499
axis, 201
coefficients, 497-502
diffuse, 497-500
Fresnel laws, 501
haltway vector, 503
Lambertian, 498
mapping, 552
plane, 422
ray, 529
specular, 500-504, 530
vector, 501-3, 530
Reflection transformation, 201-3, 423
Reflectivity, 498
Reflectivity factor (radiosity), 446
Refraction:
angle, 509
diffuse, 509
index, 509
ray, 529, 530
Snell’s law, 509
specular, 509
transmission vector, 510, 530-31
transparency coefficient, 510
vector, 510, 530-31
Refresh buffer, 40 (sec also Frame buffer)
Refresh CRT, 37-45 (see also Cathode-ray tube)
Refresh display file, 42
Refresh rate (CRT), 40-41
Region codes (clipping),
three-dimensional, 460
two-dimensicnal, 227
Relative coordinates, 96
Rendering (see Surface rendening)
Request input mode, 281, 282-85
Resolution:
display device, 39-40
halftone approximations, 518
Retrace (electron beam), 41
REYES, 475
RGB chromaticity coordinales, 573
RGB color model, 572-73
RGB monutor, 45 (see also Video monitor)
Right-hand coordinate system, 602
Right-hand rule, 608
Rigid-body transformation, 185, 196-97
Rigid motion, 196
Roots:
nonlinear equabions, 621-22
complex numbers, 617

Rotation:
angle, 186
axis, 186, 413-20
axis vector, 414-15
composition, 191
inverse, 190, 413

matrix representation, 190, 192-93, 410-12,

418-19, 420
pivot point, 186
quaternion, 419-20
raster methods, 211
three-dimensional. 409-20
two-dimensional, 186-87, 190, 191, 192-93
¥ axis, 411-12
y axis, 412
zaxis, 409-11
Rotational polygon-splitting method, 237
Round join, 148-149
Round line cap, 147
Row vector, 611
Rubber-band methads, 290, 291
Run-length encoding, 56

S

Sample input mode, 281, 285
Sampling:
adaptive, 538-40
area, 172,174
line, 87, 88-89
Nyquist interval. 171
point, 87
supersampling, 172-74, 538-40
weighted, 174
Sans serif typeface, 132
Saturation (light). 567
Scalar data-field visualization, 395-99
Scalar input methods, 277-78
Scalar product of two vectors, 607-8
Scaling:
in arbitrary directions, 193-94
composition, 192
curved objects, 188
differential, 188
factors, 187, 421
fixed point, 188, 421
inverse, 190, 421-22
matnx representation, 190, 421
nonuniform (differential}, 188, 421
parameters (factors), 187, 421
raster methods, 211
three-dimensional, 420-22
rwo-dimensioral, 187-88, 190, 192, 193-94
uniform, 187-88, 421
Scan conversion, 55
areas, 117-30
characters, 132-33
circles, 98-102
curved-boundary areas, 126-30
curved lines, 110-13
ellipses, 10310
patterned fill, 159--63
points, 84, 85- 3¢
polygons, 117-27
straight lines, 86-94 (sec also Line-drawing
algorithms)
structure-list traversal, 252
Scan line, 40
Scan-hine interlacing, 41
Scan-line algorithms:
area filling, 117-27, 158-63
visible-surface detection, 476-78

Subject Index

Scanner, 67, 68
Scanning:
image-order, 554
inverse, 554
pixel-order, 554 -55
texture, 554
Scientific visualization, 25, 395 (see aiso Data
visualization)}

Screen coordinates, 54, 76, 114 (see also Coordinate

system, device)
Scripting system {animation), 588
Secondary ray, 529
Segment, 77, 251
Self-affine fractals, 364, 372-78
Self-inverse fractals, 364, 385-87
Self-similar tractals, 364, 367~71
Self-squaring fractals, 364, 378-85
Serif typeface, 132
Shades (color), 571, 577
Shading algorithm: (sze Surface rendering)

Shading mode), 495 (ser also Illumination model)

Shadow mask, 43
Shadow ray, 529-30
Shadows:
modeling 511, 529-30, 542
penumbra, 542
umbra, 542
Shape grammars, 357-90
Shear:
axis, 203
mattix, 423
in projection mapping, 442, 453, 454-56
three-dimensional, 423
two-dimensional, 203-5
r-direction, 203
y-direction, 204
z-direction, 423
Shift vector, 184 (see aiso Translation)
Similarity dimension, 365
Simpson’s rule, 623
Simulations, 5-10, 21-31 (sec alsg Graphics
applications)

" Simulators, 21-25

Simullaneous linear equation solving, 620-21

Singular matrix, 614
Sketching, 13-16, 291-92
Snell’s law. 509
Snowflake (fractal), 367-68
Soft fill, 162-63
Software standards, 78-79
Solid angle, 544~45, 604
Solid modeling: (see also Surface; Curved
surface)
applications, 4.5, 8.9
constructive solid geometry, 356-59
sweep constructions, 355-56
Solid texture, 556
Sonic digitizer, 66
Sorted edge tabie, 121
Spacetall, 63
SpaceGraph system, 49
Space-partitioning methods (ray tracing):
adaptive, 536-38
light buffer, 537
ray bundles, 538
uniform, 536
Space-partitioning representations, 305
Specular reflection, 497, 500-504, 530
angle, 501
coefficient 501-2
Fresnel laws, 501
halfway vector, 503
parameter 501
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Specular reflection (cont.)
Phong model, 501-4
vector, 501-3, 530

Specular refraction, 509

Speed of light, 566

Sphere, 311, 620

Spline curve, 112, 315-16
approximation, 316
basis functions, 319
basis matrix, 320
beta-spline, 345-47
Bézier, 327-33
bias parameter, 325, 346
blending functions, 319

characteristic polygon, 316
confinuity conditions, 317-19
continuity parameter, 325
controt graph, 316
control points, 316
conversions, 349-50
convex hull, 316
cubic interpolation, 320-27
displaying, 351-55
Hermite, 322-23
interpolation, 316
knot vector, 335 '
Kochanek-Barnels, 325-27
local control, 332, 335, 336
matrix representation, 320
natural, 321
NURB, 347
Overhauser, 325
rationsl, 347-49
tension parameter, 324, 325, 341, 346,
Spline generation:
Horner’s method, 351
forward-difference method, 351-53
subdivision methods, 353-55
Spline surface, 316
Bézier, 333-34
B-spline, 344-45
Splitting concave polygons:
rotational method, 237
vector method, 236
Spotlights, 504
Spring constant, 393
Spring network (nonrigid body), 393
Square matrix, 611
Stairstep effect, 85
Steradian, 544-45, 604
Stereoscopic:
glasses, 51
headsets, 52
views, 6, 7, 50-52, 292, 293, 300-301
virtual-reality applications, 5-7, 50-52
Stochastic Sampling, 540
Storyboard, 585
Streamlines, 400
String mput device, 276, 277
String precision (iext), 166, 167
Stroke input device, 276, 277
Stroke precision (text) 166-67
Stroke-writing display, 41 (see also Video momitors,
random-scan)
Structure, 77. 251
attributes, 253-54
basic functions, 251-54
central structure store (CS5), 251
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concepts, 251-52
copying, 260

creation, 251-52
delaction, 253, 260
displaying (posting), 252
editing, 254-60
element, 255

element pointer, 255
filters, 253, 28485
hierarchy, 266-68
highlighting filter, 253-54
lists, 252

metafile, 79

pickability, 254

posting, 252

priority, 252

relabeling, 253

traversal, 252

workstation filters, 254, 28485
Subdivision methods:

adaptive ray tracing, 536-38

BSP tree, 362

fractal generation, 373-78

octree, 359-62

spline generation, 353-55

uniform ray tracing, 53
Subtractive color model (CMY), 574-75
Superquadric, 312-14
Supersampling, 172-74, 538-40
Surface:

blobby, 314-15

curved, 310 (ser also Curved surfaces)

fractal, 366, 369-85

parametric representation, 619-20

plane, 305-9

quadric, 310-12

spline, 316 (see also Spline surface)

superquadric, 312-14

weighting, 174
Surface detail, 553-60

bump mapping, 558-59

environment mapping, 552

frame mapping, 559-60

image-order scanning, 554

inverse scanning, 554

pattern ma pping, 554

pixel-order scanning, 554

polygon mesh, 553-54

procedural texturing, 556-57

solid texture mapping, 556

texture mapping, 554-56

texture scanning, 554
Surface enclosure (radiosity), 546
Surface normal vector, 3089, 523, 558
Surface rendering, 297-93, 495

antialiasing, 538-43

bump mapping, 558-59

constant-intensity shading, 522-23

environment mapping, 552

fast Phong shading, 526-27

flat shading, 522

frame mapping, 559-60)

Gouraud shading, 523-25

intensity interpolation, 523

Mach bands, 525

normal-vector interpolation, 525

Phong shading, 525-27

polygon methods, 522-27

polygon surface detail, 553--54

procedural texturing, 556~57

radiosity, 544 -50

ray-tracing, 527-43
texture mapping, 554-56

Surface shading (ser Surface rendering)
Sutherland-Hodgeman polygon-clipping, 238—42

Sweep representations, 355-56
Symbol, 261

hierarclues, 262-63

instance, 261

in modeling, 261-64
Symumetry:

circle, 97-98

in curve-drawing algorithms, 97-98, 103, 112

eliipse, 103

T

Table (polygon)
attribute, 306
edge, 121-22, 306-7, 47677
geometric, 306 -7
sorted edge table, 121
vertex, 306-7
Tablet, 64-67 (see also Digitizer)
Task planning, 13

Tension parameter (spline), 324, 325, 341, 346

Tensor, 610
contraction, 402
data-field visualization, 401-2
metric, 610-11

Terrain (fractal), 372-78

Tesselated surface, 306

Text: (se¢ also Character)
alignment, 166
attributes, 163-67, 169-70
clipping, 244, 245
generation, 132-33
path, 166
predision, 16667

Texture, 553 (see also Surface rendering)

mapping, 554-56
procedural methods, 556-57
scanning, 554

solid, 556

space, 554, 556-57

Thin-film electroluminescent display, 46
Three-point perspective projection, 446

Tiling, 160, 306

Time chart, 11, 13

Tint {color), 571, 577

Tint fill, 162

Tone (color), 571, 577

Topline (character), 164

Topological covering, 365-66

Touch panel, 68-70

Trackball, 63

Transformation:
affine, 208
basic geometric, 184200, 408-22
commutative, 194-95
composite, 191-200, 423-25
computational efficiency, 195-97
coordinate system, 205-7, 426-29
functions, 208-9, 425-26
geometric, 77, 184
instance, 265-68
local, 265-68
matrix representations, 188~90
modeling, 77, 265-68, 42629
noncommutative, 194-95
parallel projection, 298-99, 438
perspective projection, 299, 438
raster methods 210-11



reflection, 201-3, 422
rotation, 186-~87, 190-93, 40920
scaling, 187-88, 190, 192-94, 420-22
shear, 203-5, 423
three-dimensional geometric, 408-22
three-dimensional viewing, 432-56
translation, 184-85, 190, 191, 408~9
two-dimensional geometric, 184205
two-dimensional viewing, 217-22
viewing, 77, 217-22, 432-56
wind ow-to-viewport, 217,220-22
workstation, 221-22, 466
world-to-viewing coordinate, 218-20, 437-38
Translation:
composition, 191
curved object, 185
distances, 184, 408
invetse, 190, 409
matrix representation, 190. 408
raster methods, 210
three-dimensional, 408-9
two-dimensional, 184-85,190, 191
vector, 184, 408
Transmission vector {refraction), 510, 530-31
Transparency (see also Refraction; Ray tracing)
coefficient, 510
modeling, 508-11
opacity factor, 510
vector, 510, 530-31
Transpose (matrix), 613
Trapezoid rule, 623
Traversal state list, 252
Triangle strip, 309
Tristimulus vision theory, 572
True-color system, 45
Twist angle, 434
Two-point perspective profection, 446
Typeface, 131-33 (see also Font)
legible, 132
readable, 132
sans serif, 132
serif, 132

U

Umbra shadow, 542
Unbundled attributes, 168
Uniform B-splines, 336-44
Uniform scaling, 187-88, 421
Uniform spatial subdivision;
octree, 359-62
ray tracing, 536
Unit cube (clipping), 458
Up vector (character), 165
User dialogue, 272-73
User help fadlities, 274
User interface, 34, 272-76, 238-93 (see also
Graphical user interface)
User model, 272
uvn coordinate system, 435-38
uv plane, 435

\

Valuator input device, 276, 277-78
Value (HSV parameter), 575
Vanishing peint, 446
Varifucal mirror, 49
Vector, 605, 611-12

addition, 607

basis, 609
column, 611
components, 605
cross product, 608-9
data-field visualization, 400 -401
direction angles, 606
direction cosines, 606
dot (inner) product, 607-8
knot, 335
magnitude (length}, 605
polygon edge, 126
product, 608-9
projection, 450, 452-53
in quaternion representation, 419, 618
reflection, 501-3, 530
rotation, 41415
row, 611
scalar multiplication, 607
scalar (dot) product, 607-8
space, 609 .
specular reflection 500-504, 530
surface normal, 303-9, 523, 558
transmission (refraction), 510, 530-31
translation, 184, 408
Vector method (polygon splitting), 236
Vector monitor, 4]
Vertex table, 306-7
Vertical retrace, 41
Video controller, 53-35
Video lookup table. 155, 513
Video monitor: (sec aiso Cathode-ray tube)
calligraphic, 41
cotor CRT, 42-45
composite, 44-45
direct-view storage tube (DVST), 45
emissive, 45
flat-panel, 45
tull-color, 45
gas-discharge, 45
LCD (liquid crystal device), 47-48
LED (light-emitting diode), 46-47
nonemissive, 45
plasma panel, 45- 46
random-scan, 41-42
raster-scan, 40-41
refresh CRT, 37-4¢
resolution, 39~40
RGB, 45
stereoscopic, 50-5¢
thin-film electroluminescent, 46
three-dimensional, 49
true-color, 45
vector, 41
View:
look-at point, 434
reference point, 218, 214, 438
up vector, 219,434
twist angle, 434
Viewing:
stereoscopic, 6, 7, 30-52, 292, 293, 300-301
three-dimensional, 297
two-dimensional. 217-45
Viewing coordinates.:
teft-handed, 435
three-dimensional, 433-34
two-dimensional, 218, 219-20
Viewing transformation:
back (far) clipping plane, 447
clipping, 224-45, 456-63
front (near) clipping plane, 447
frustum, 447
functions, 222-23, 464--66
hardware implementation, 463 - 64

Subject Index

mput prionty, 283
normalized projection coordinates, 458
normalized view volume, 458-61
pipeline, 217-19, 432-33
three-dimensijona), 432-33
two-dimensional, 217-22
viewpont, 217, 458-60
view volume, 447
window, 217, 447
workstation mapping, 221-22, 466
Viewing table, 223, 465
View plane, 433-34
normal vector, 434
position, 434-35
window, 447
Yiewport.
chpping, 124, 460 -61
function, 222-23
priority, 283
three-dimensional (se¢ View volume)
two-dimensional, 217
 workstation, 222
View reference point, 218, 219, 434
View-up vector, 219, 434
View volume, 447
unit cube, 458
normalized, 458
perspective, 447-49
parallel, 447-50
View window, 447
Virtual reality:
applications, 5-8, 466—67
display devices, 51-52
input devices, 64
environments, 292-93
Visible structure, 253
Visible-line detection, 490 (see also Depth cucing)
Visible-surface detection, 470
A-buffer inethod, 475-76
algorithm classification, 470-71
area-subdivision method, 482-85
back-face detection, 471-72
BSP-tree method, 481-82
comparison of algorithms, 491:-92
curved surfaces, 487-90
depth-buier (z-buffer) method, 472-75
depth-sorting method, 478-81
function, 490-91
image-space methods, 470
object-space methods, 470
octree methods, 485-87
painter’s algorithm (depth sorting), 478
ray~casting method, 487-88
scan-line method, 476-78
surface contour plots, 489-90
wireframe methods, 490
Vision (tristimulus theory), 572
Visualization:
applications, 25-31
methods, 395-402 (see afso Data visualization)
Voice systems, 70-71
Yolume calculations (CSG), 358-59
Volume element, 360
Volume rendering, 399
VYoxel, 360

W

Warn lighting model, 504-5
Wavelength (light), 566
Weighted sampling, 174, 555
Weighting surface, 174
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Weiler-Atherton polygon-clipping algorithm,
242-43
White light, 567, 570
Winding number, 125
Window:
functions, 222-23, 465
manager, 34, 273
nonrectangular, 217
pick, 280
projection, 447
rotated, 218, 219-20
three-dimensional viewing, 432-56
two-dimensional viewing, 217
user-interface, 34, 273
view-plane, 433-34
workstation, 221-22, 465
Windowing transformation, 217
panning, 219
zooming, 218-19
Window-to-viewport mapping, 217, 220~-22
Wireframe, 4, 5, 298
Wireframe visibility algorithms. 490
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Workstation'
in graphics applications, 57-60
identifier, 79
PHIGS, 79
pick filter, 28485
structure filters, 254, 284-85
transformation, 221-22, 466
window, 221-22, 465
viewport, 222, 465
World coordinates, 76
World-to-Viewing ccordinate transformation, 218,
219-20, 437-38
Write function, 210

X

x-axis rotation, 411-12
x-direction shear, 203
X Window System, 272
XYZ color model, 569

Y

y-axis rotation, 412
y-direction shear, 204
YIQ color model, 574

Z

2-axis rotation, 409-11

z-buffer algorithm, 472 (see also Depth-buffer
algorithm)

z-direction shear. 423

2 mouse, €2-63

zooming, 218-1%



Function Index

A

awaitEvent, 285

B

buildTransformatonMatrix, 209
buildTransformationMatrix3, 426

C
cellArray, 131
changeStructureldentifier, 253
closeStructure, 251
composeMatnx, 209
composeMatrix3, 426
composeTransformationMatrix, 209
composeTransformationMatrix3, 426
copy AllElementsFromStructure, 260

D

deleteAllStructures, 253
deletcElement, 257
deleteElementRangc, 258
deleteElementsBetweenlabels, 260
deletcStructure, 253
deleteStructureNetwork, 268

k

emptyStructure, 258
cvaluateViewMappingMatnx, 222
evaluate ViewMappingMatrix3, 465
evaluateViewOrientationMatrix, 222
vvaluateViewQOnentationMatrix3, 464
execuleStructure, 267

F

fillArea, 131
tillArea3, 302
fillAreaSet, 131
fillCrrcle, 131
fillCarcleAre, 131
tillEllipse, 131
nllEllipseArc, 131
fiiRectangle, 131

@
generalizedDrawingPnmitive, 113
getChoice, 286
getLocator, 286
getLocator3, 302
getPick, 286
getPixel. 86
getString, 286
getStroke, 266
getValuator, 286

initaiizeChowe, 287
initializeLocator, 267
initializePick, 287
initializeString, 287
initializeStroke, 287
nitalizeValuator. 287
inquire, 170

L

label, 256

0
offsetElementPomnte -, 256
openStructure, 251

P

polviine, 96
polyline3, 302
polymarker, 133
postStructure, 252

R

requestChoice, 234
requestLocator, 282- 83
requestPick, 284
requestString, 283
requestStroke, 262-83
requestValuator, 284
rotate, 208

rotateX, 425

rotateY, 425

rotateZ, 425

S

sampleChoice, 285
sampleLocator, 285
samplePick. 285
sampleString, 285
sampleStroke, 285
samnpleValuator, 285
scale, 208

scale3, 425

setCharacter ExpansionFactor, 165

setCharacterHeight, 164
setCharacterSpacding, 165
setCharacter UpVector, 165
setChoiceMode, 28]
setColourRepresentation, 156
setEditMode, 256
setElementPointer, 255
setElementPointer AtLabel, 259
setHighlightingFilter, 254
setHLHSRadentifier, 491
setIndividual ASF, 168
setintenorColourlndex, 158
setlntenorlndex, 169
set[nteriorRepresentation, 169
setInteriorStvle, 158
setintertorStvielndex. 159
setInvisibitityFilter, 233
setLinetvpe, 145
setLinewidthScaleFactor, 146
setLocalTransformation, 267
setLocalTransformation3, 426
setLocatorMode, 281-82
setMarkerSizeScaleFactor, 167
setMarkerType, 167
setPatternReferenceloint, 159
setPatternRepresentation, 159
setPatternSize, 159
setPickFlter, 284
setPickldentifier, 284
setPickMode, 281-82

setPixel, 85, 161
setPolyhineColourlndex, 149
setPolylinelndex, 16%
setPolylineRepresentation, 168
setPolymarkerColourindex, 168
setPolymarkerindex, 170
setPolvmarkerRepresentation, 170
setStringMode, 281
setStrokeMede, 281
setTextAlignment, 166
setTextColourlndex, 164
setTextFont, 164

setTextIndex, 170
setTextMode, 281- 82
setTextPath, 166
sctTextPrecision, 166
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Function Index

setTextRepresentation, 169
setYaluatorMode, 281

setViewIndex, 223, 466
setViewRepresentation, 223
setViewRepresentation3, 465
setViewTransformationInputPriority, 283
setWorkstationViewport, 223
setWorkstabonViewpart3, 466
setWorkstationWindow, 223
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setWorkstationWindow3, 466

T

text, 133

textd, 302
transformPoint, 209
transformPoint3, 426

translate, 208
translate3, 302, 425-26

u

unpostAllStructures, 253
unpostStructure, 252





