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area calculation, 236

derivative, 236

merging, 236

514

normalized, 236
Chamfer matching, 354
Charge transfer devices, 49
Chessboard metric, 39
Chest radiograph understanding, 321, 344-346
Chromaticity diagram, 37
Chunks of knowledge, 334
Circular arcs, 237
City block metric, 38
Classification:

in pattern recognition, 181-184

set membership, 284

tree for regions, 163
Clause form of predicate logic, 384
Clique, and use in matching, 358, 366-369, 375
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of knowledge representation, 320
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Constructive solid geometry volume
representation, 282
Context:
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Continuity of knowledge representation, 320
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Control, 315, 340-350, 497-502
bottom-up or data-driven, 341, 344-346
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structures, standard and nonstandard, 497-500
top-down, 342, 343-346
Convergence of relaxation algorithms, 414, 418
Conversions, logic to semantic nets, 332
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decomposition of region, 253
line label, 296
region, 258
Convolution, 25, 68
theorem, 30
Cooperative algorithms, 408-430
Coordinate systems, definitions and conversions,
465-468
Correctness of inference system, 389
Correlation, 25, 30, 66-70
binary search, 108
coefficient, 419
metrics, 362
non-linear for edge linking, 121
normalized, 68-70
periodic and aperiodic, 67
texture, 187
Correspondence problem, 89
Cost:
of planning, 452
in plans, 445-459
Crack edges, 78
Curvature:
boundary, 256
in evaluation function, 133
space curve, 276
Curve 231:
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detection, Hough algorithm, 126

fitting, 487

intersection, 247

segmentation techniques, 233-234
Cutting planes in linear programming, 428
Cylinder, generalized, 274-280
Cylindrical coordinate system, 466

Data:
base, 398, 431, 440
-driven control, 341-346
fitting, 239, 484488
nodes in location networks, 336, 338
structure for boundaries, 158
Decision:
theory and planning, 446-453
trees for matching, 370-377
Decomposition;
region, 253
solid, 287
Default values in knowledge representations, 330,
334-335
Delete list, 440
Delta function, 18-19, 40
Demon, 412, 429, 505
DeMorgan’s laws, 387
Densitometer, 46
Density of image, 44, 74
Dependence, gray-level, 186-188
Depth:
-first search and variations, 136, 363-365, 372, 412
from optic flow, 201
Determinant, 473
Difference measurement in motion, 221
Digital images, 35-42
Digitizers, image, 45
Dirac Comb, 19, 40
Direction-magnitude sets, 270
Discrete:
images, 35-42
knowledge representation, 320
labeling algorithms, 410-415
Disparity, 21, 89, 208
Dispersion of knowledge representation, 320
Distance:
on discrete raster, 36
image (See Image, range)
Distortion, perspective (See Projection, perspective)
Divergence theorem for mass properties, 288
Divide and conquer:
algorithms for CSG, 285
method for boundary detection, 122
Domain-dependent and -independent motion
understanding, 196-199, 214-219
Drum scanner, 46
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Dual graph, 159
Dynamic programming and search, 137-143

Early processing, 63-65
Eccentricity of region, 255
Edge, 75
detection
in binary images, 143-146
from optic flow, 202-206
in pyramids, 109
following, 131-146
as blob finding, 143-146
as dynamic programming, 137-143
as graph search, 131-143
labels, 296-297
linking, 119-131
known approximate location, 121-122
problems with, 119-120
Hough algorithm, 123-131
operator, 64, 75-88
gradient, 76-80
Kirsch, 79
Laplacian, 76-79
performance, 77, 83-84
relaxation, 85-88
templates, 79
3-D performance, 81-83
profiles, 75
representation for surfaces, 266
strength in evaluation function, 133
thresholding, 80
Eigenvalues and eigenvectors, 473, 486-487
Element, texture, 166
Elongation of region, 255
Enclosing surface, 265
Energy, texture, 187
Engineering:
drawings, 291
knowledge, 407
Entropy, texture, 187
ERTS imagery, 46
Euclidean metric, 38
Euler number of region, 255, 266
Evaluation:
function for heuristic search, 133
mechanism in semantic networks, 337
Existential quantifiers, 385
Extended inference, 315, 319, 322, 383, 395-396

Extensional concepts in knowledge representation, 328

Faces, 271

for surface representation, 265, 271
Feature

classification and matching, 376-378
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Field, television, 46
Figure-ground distinction, 4
Filtering, 25, 64-75
First order predicate logic (See Predicate logic)
Fitting data (See Data, fitting)
Flat-bed scanner, 46
Flying spot scanner, 45
Focal length, 19, 479
Focus of expansion in optical flow, 199
Formal inference system, 390
Forward chaining, 342, 399
Fourier

descriptors, 238

filtering, 65

transform, 24-30, 490-492
Frame:

problem, 395, 444

system theory, 334-335
Frenet frame and formulae, 276
Function:

image, 18-19

logic, 385
- Skolem, 387

G-Hough algorithm, 128
Gamma, film, 45
Gaussian sphere, 101, 270
Generalized:
clipping, 284
cone, 274-280
matching to data, 278, 372-375
cylinder (See Generalized, cone)

image, 6, 14, 320
Geodesic tesselation, 271, 493
Geometric:

matching, 354
operations in location networks, 336
relations and propositions, 332
representations, 8, 227-311
structures and matching, 354
transformations, 477-481
Geometry theorem prover, 322
Gestalt psychology, 116
Goal achievement, 319, 346-347, 438-439
Goodness of fit, 273
Gradient:
edge operator, 76-80
space, 95, 301
techniques, 355
texture, 168, 189-193
use in Hough algorithm, 124
Grammar:
ambiguous, 172
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array, 178-181

on pyramid, 179

shape, 173-174

stochastic, 172

texture, 172-181

tree, 175-178
Graph 131:

adjacency forregions, 159

algorithms, complexity, 359

association, 358, 365-369

dual, 159

isomorphism, 357-359, 364

matching, 355

r-connected component, 369, 380
Gray level, 18, 23, 35

dependence matrices for texture, 186-188
Grazing incidence, 111

H&D curve, 44
Heart volume, 273
Heterarchical control, 341-346, 499
Heuristic search:
boundaries, 131-133
dynamicprogramming, 143
region growing, 157
Hierarchical (See also Pyramid)
abstractions, 505
control, 341-346
textures, 170
High-level:
models, 317
motion detection, 196-199
vision, 2-6
Hill-climbing and matching, 355
Histogram, 70
equalization and transformation, 70
splitting for thresholds, 152
colorspace, 153-155
Homogeneous:
coordinate system, 467
regions, 150
texture, 188
Hough algorithm, 123-131
generalized, 128-131
refinements, 124
vanishing points, 191
Human body for motion understanding,
214-219
Hungry monkey planning problem, 445
Hypotheses, 343, 384, 422
active knowledge, 431
Hypothetical worlds, 432, 440

Iconic structures and matching, 353
Icosahedron, 492
THS color basis, 33
Image (See also Imaging)
aerial, 1,335
CAT, 1,56-59
connectivity, 36
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formation, 17

function, 18-19
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histogram, 70

intrinsic, 7, 14, 63

irradiance, 23,73

orthicon, 47

plane, 19

processing, 2, 17,25

range, 52-56, 64, 88

sampling, 18,35

segmented, 7

sequence understanding, 207-222

ultrasound, 54

variance, 69
Imaging:

active, 14

devices, 42-59

geometry, 19-21

light stripe, 22

model, 17-42

monocular and binocular, 19-22

stereo, 20-22, 52-54,88-93,98
Inconsistent labeling, 410 (See also Labeling)
Indexing property of semantic nets, 324
Inequalities in linear programming, 422, 427
Inference, 314, 319-321, 383

bottom-up and top-down, 392

extended, 315,319,322, 383,395

rules of, 388

in semantic nets, 327

systems, formal and informal, 390

syllogistic, 321
Infinity, point at, 20
Informal inference system, 390
Inheritance of properties in knowledge

representation, 330, 335
Inhibitory local evidence in line drawings, 295
Intensional concepts in knowledge
representation, 328

Interaction graph for dynamic programming, 143
Interest operator, 69, 208
Interior operator, 282
Interpolation, 489-490
Interpretation:

matching, 352

region-growing, 160-164
Interpreter

production system, 398-399

semantic net, 326, 339
Intersection of strip trees, 244
Interval, sampling, 35
Intrinsic:

image,7,14,63

parameters, 63
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Inverse:
perspective (See Projection)
relations, 331
Irradiance, image, 23, 73
Isomorphism, graph and subgraph, 357-359,
364
[terative region merging with semantics, 163

Job queue, 502-504

Kd-tree, 281, 287
Knowledge:
base,317,318-323
chunking, 334
engineering, 407
Knowledge representation, analogical and
propositional, 9, 314, 319-322 (See also
Active knowledge, Predicate logic,
Procedural embedding, Production
systems, Representation, Semantic nets)

Labeling, 296-301, 408-420
compatibilities, 415
consistent, inconsistent, optimal, 408, 410
discrete, 410-415
interpretation, 315, 353, 383, 408
lines, 296-301
scene, 408-430
tree search, 412
Lambertian surfaces, 94
LANDSAT imagery, 46
Laplacian operator, 76-79
Laser rangefinders, 54 (See also Image, range)
Learning, 315
Least-squared error fitting, 484-488
Legendre polynomial, 272
Light:
flux, 22
stripe imaging, 22
structured, 52-54
Line:
detection, Hough algorithm, 123
drawing understanding, 265, 291-307
drawings for motion understanding, 220-222
equation, 475
fitting, 484-487
labeling, 296-301
labeling by relaxation, 416-421, 428
representations, 474-476
segment, 232
transformation, 480
Linear:
structure matching, 378-380
transformation, 473
Linear programming for relaxation, 420-430
Linking edges (See Edge, linking)
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Local evidence in line drawings, 294
Location networks, 335-340
Logarithmic filtering, 73
Logic (See Predicate logic)
Long-term memory, 400
Low-level:

motion detection, 196

vision, 3-6

Manhattan metric, 36

Mass properties, 285

Matched filtering and Hough algorithm, 124

Matching, 315, 352, 398
blocks world structures, 370-372
clique-finding, 366-369, 375
complexity, 359
examples, 369-380
expectation-driven, 353
generalized cylinders, 372-375
geometric structures, 354
graphs, 355
iconic structures, 353
knowledge representation, 319
line drawings to primitives, 293
linear structures, 378-380
metrics, 360-362, 375, 378
metrical in line drawing understanding, 294
nondeterministic algorithm, 359
optic flow, 208
optimization, 354

pattern (See Pattern, matching in production systems)

relational structures, 353, 355, 365-372
rules in production system, 399-400
templates and springs, 360-362
topological, for line drawings, 293
Matrix algebra, 471-474
Matte reflectivity, 23
Maximal clique, 366
Medial axis transform, 252-253
Membership array for region, 248
Memory, long-term and short-term, 400
Merging:
branches for backtracking improvement, 364
curve segmentation, 233
regions, 155-160
Message-passing (See Modules and messages)
Metric:
distance on raster, 36
matching, 360-362, 375, 378
Minimum:
cost search for boundaries, 132
spanning tree for clustering, 217
Model:
analogical and propositional, 319
-driven control, 342

Subject Index



human body for motion, 217-219

in knowledge representation, 9, 317
Modules and messages, 500-502
Modus Ponens and Modus Tollens, 388
Moment of inertia, 255, 286, 473, 486
Monocular imaging (See Imaging)
Motion, 195 (See also Optic flow)

adjacency and collision detection, 201

body model, 214-219

common in sequence, 199, 208

consistent match, 199

continuity, 197

depth, 201

human body, 214-219

image sequences, 207-222

maximum velocity, 198

moving light displays, 214-217

observer, 206

rigid bodies, 197, 210-214

surface orientation and edge detection, 202
Multi-

dimensional histograms, 153-155

modal sensor, 453-459

resolution images, 100-110 (See also Pyramid)

Nearest-neighbor clustering, 183
Network:
interpreter, 326
representation, 391 (See also Semantic nets)
Newton-Raphson, 493
Node types in semantic nets, 324-329
Noise, 65
Nonclausal form, 385-387 (See also Predicate logic)
Nondeterministic algorithms, 359
Nonrigid:
body motion understanding, 214-217
solids, 264
Nonstandard:
control structures, 499-507 (See also Control)
inference (See Extended inference)
Normalized correlation, 68-70
NP-completeness, 359
NTSC, 34

Object identification in line drawings, 294

Occluding:
contour, 101
line label, 296

Oct-tree, 281, 287

Office scene understanding, 453-459

Operator (See Edge, Interest operator, Interior operator,
Closure operator for sets, Planning Relaxation,
etc.)

Opponent processes, 33

Subject Index

Optic flow, 65, 102-105, 196, 199-206

Optical system analysis, 23

Optimal labeling, 410

Optimization:
linear programming, 424-425
matching, 354

Orientation of surface (See Surface, orientation

calculation)

Origami world, 300

Orthicon, image, 47

Orthographic projection (See Projection)

PANDEMONIUM, 345
Parallel:
computation, 64, 341, 360
-iterative refinement in graph matching, 358, 378
-iterative relaxation, 64, 412
Parameter:
cptimization as matching, 354
space, 123
Parametric:
clustering, 183
edge models, 80-81
line representation, 476
Parseval’s theorem, 256
Partial:
knowledge in location networks, 339
matches, 360-362
Partition:
feature space in pattern recognition, 181
Fourier space, 185
semantic nets, 331, 391
space, 150
Pattern:
-directed invocation, 321, 504
matching data base (See Data, base)
matching in production systems, 399-400
recognition, 2, 181-184
texture, 166
Performance, edge operators, 77, 83-84
Periodic:
correlation, 67
function, 237
Perspective (See Projection)
Photography, 44-45
Photometric stereo vision, 98
Picture element (pixel), 36
Piecewise polynomial, 240
Plane:
curves and regions, 231
cutting in linear programming, 428
representation, 476
transformation, 480
PLANNER, 322

519



Planning, 314-319, 347, 438-445
cost of, 452
costs, 445459
edge linking, 121-122
example, 453459
extended and-or graphs, 451
problem reduction, 394
symbolic, 439-445
Point:
at infinity, 20
membership, 246
projection (See Projection, perspective)
spread function, 28
Polar and polar space coordinate systems, 465
Polygon:
area calculation, 235
images for motion, 220-222
regions, 294
Polyhedra, 291
Polylines, 232-235
Pre- and postconditions in plans, 441
Predicate logic, 383-395
clauses and semantic nets, 390-392
decidability, 388
extensions (See Extended inference)
inference, 315
knowledge representation, 392-395
proof, 388
strengths and weaknesses, 393-394
syntax and semantics, 384-387
truth table, 386
Predicates in location networks, 336
Primitive:
solids in volume representation, 280, 282
volumes for line drawing understanding, 293
Principal axes:
for fitting data, 473, 486
of inertia of region, 255
Procedural embedding of knowledge, 321, 322, 406,
430-434 (See also Active, knowledge)
Processing, image, 17
Product of inertia of solid, 286
Production systems, 315, 383, 396-408
example, 401-406
rule matching, 399
strengths and weaknesses, 406-408
Projection:
inverse perspective, 481484
orthographic, 20, 212
perspective, 19-20, 214, 479
Proof of logic, 388-390
Propagation of constraints (See Constraint)
Property inheritance (See Inheritance of properties in
knowledge representation)
Propositional model (See Representation)
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Prototype situations, 334
Pruning for backtracking improvement, 364
Pseudo-inverse for fitting, 485, 487
Psi-s curve, 237, 238, 256
Pyramid, 15 (See also Quad tree; Strip trees)
edge detection, 109
grammars, 179
multi-resolution, 65, 106, 249, 281
thresholding, 155

Quad tree, 249-252
area, 251
generation, 250

Quantifier, logical, 385

Radiance and gray levels, 22-23
Radiograph understanding, 321, 344-346, 502-504
Range image (see Image)
Ray casting, 280
Reciprocity failure of film, 44
Reconstruction, two-dimensional image, 56-59
Recursive procedure, 244, 498
Reflectance, 93-95
calculation, 73-75
functions, common, 23, 94
map, 96-98
models, 22-24
Region, 149-150, 231
data structures for, 158
finding, by thresholding, 152~155
finding, local techniques, 151
growing and heuristic search, 157
growing and semantics, 160-164
homogeneous, 150
partition, 150
properties, 254-261, 376-377
representation, 232-254
by boundary, 232-247
decompositions, 253
medial axis transform, 252
non-boundary, 247-254
quad trees, 249
spatial occupancy array, 247
y-axis, 248
splitting and merging, 155-160
Regular;
sets and set operators, 231, 282-283
tesselation, 170
Relational:
functions and dynamic programming, 142
models, 9, 314, 317
semantic nets, 325, 330, 408
structures and matching, 353, 355, 365-372
Relaxation, 64 (See also Constraint)
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algorithms, convergence properties, 414
asynchronous, 412
convergence, 414
edge operators, 85-88
for optic flow, 208
labelling, 408-430
line labeling, 416-421, 428
linear and non-linear operator example, 415-420
as linear programming, 420-430
optical flow, 103
serial and parallel iterative, 412
shape from shading, 99-102
stereo, 89
Representation:
actions in symbolic planning, 441
analogical and propositional, 9, 314, 319-322
conversion, 289
knowledge, 317-347 (See Knowledge)
matching, 352-355
predicate logic, 392-395
range of, 6-9
solids, 264
world in symbolic planning, 439
Resolution
gray levels, 35
pyramids, 15, 106-110
multiple in thresholding, 155
rule of inference, 389
spatial, 36-37
texture, 169
theorem proving, 388-390
Response, human spectral, 31
Rewriting rule (See Rule, Grammar, Production system)
Rib-finding, 321, 502-504
Rigidity assumption in motion understanding, 210
Root finding, 493
Rotation rigid transformation, 477
Rotational sweep, 274
Rule:
-based systems, 397 (See also Production systems)
inference, 388
production system, 398
rewriting, 172, 383, 398
for texture generation, 172-181

Sampling:
image, 18, 35
tesselation, 35
theorem, 39
Scaling matrix, 478
Scanner, digitizing, 45
Scene:
irradiance, 73
labeling, 408-430
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Scope of quantifier, 385
Scoring plans, 445-459
Search:
backtrack, 363-365, 372-375
depth-first, 412
graph, and region growing, 157
heuristic and variations, 132-136
tree, for labeling, 412
Segmentation, 7, 116 (See also Edge; Line; Region)
Semantic nets, 315-317, 323-340, 390, 396
arcs, 324
conversion with other representations, 332
examples, 334
indexing property, 324
inference, 327
nodes, 324, 328
partitions, 331
predicate logic, 390-392
relations in, 325, 330
semantics and partitions, 331
Semantics:
of images and region growing, 160-164
of logic, 385
Semi-
decidability of logic, 388
regular tesselation, 171
Sentence of logic, 384
Serial:
computation, 341
relaxation, 412
Set
membership classification, 284
operations in location networks, 336
operations in three dimensions, 284
Shadow line label, 296
Shape, 228 (See also Three dimensional)
detection, Hough algorithm, 128-131
grammar, 173-174
properties of region, 254-261, 376-377
recognition, 228-229
from shading, 65, 93, 99-102
from texture, 189-193
Shift theorem, 30
Short-term memory, 400
Signature of region, 257
Silhouette detection, Hough algorithm, 128-131
Similarity:
analysis in motion, 221
tree for regions, 261
Simplex algorithm, 423
Simulation with knowledge representation, 320
Skeleton (See Medial axis transform)
Skew:
symmetry, 306
transformation, 479
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Skilled vision, 347
Skolem function, 387
Slope density function of boundary, 256
Slots in frames, 334
Smoothing image (See Consolidation)
Solid (See Three dimensional)
Spaces, color (See Color)
Spatial:
representations (See Three dimensional)
resolution, 36, 37
Spectral response, human eye, 31
Specular reflectivity, 23 (See also Reflectance, functions,
common)
Spherical:
coordinate system, 270, 466
function, 270
harmonic surfaces, 271-274, 355
trigonometry, 469
volume representation, 279
Splines (See B-spline)
Splitting:
curve segmentation, 233-234
regions, 155-160
Statistical:
pattern recognition, 2, 181-184
texture model, 168
Stereo vision, 20-22, 52-54, 88-93, 98
Stochastic grammars, 172 (See also Grammar)
Streaks and strokes, 134
Strip trees, 244-247
STRIPS, 396
Structural:
matching, 355, 365-372
models of texture, 170-181
Structured light, 52-54
Subgoals, 343,438 (Seealso Goal achievement; Planning)
Subgraph isomorphism, 357-359, 375 (See also Graph)
Supposition value in relaxation, 415, 419
Surface:
direction-magnitude set, 270
functions on Gaussian sphere, 270
geometry and line-drawings, 301-307
orientation calculation, 64, 93-102, 189-193, 202-206
patches, 269
representations, 265-274
set of faces, 265
spherical harmonic, 271-274
from volume calculation, 288-291
Sweep representations of solids, 274-280 (See also Three
dimensional)
Syllogistic inference, 321
Symbolic planning, (See Planning)
Symmetry, skew, 306
Synchronization, 341

522

T vertices, 294
Tables, dynamic programming, 137-139
Tangent to space curve, 276
Television cameras, 46-52
Template:
matching, 65
and Springs for matching, 360-362
Term in logic, 384
Tesselation:
geodesic, 492
regular and semiregular for texture, 170-172
sampling, 35
Texture, 166-168, 404
correlation, 187
element (texel), 166, 169, 188
element placement tesselations, 170-172
energy, frequency and spatial domain, 184-185
features, 187-188
gradient and surface orientation, 168, 189-193
grammars, 172-181
homogeneity, 188
pattern recognition, 181-184
resolution issues, 169
shape and vanishing point from, 189-193
statistical and structural models, 168, 170-181
Theorem:
convolution, 25
divergence, 288
Parseval’s, 26, 256
sampling, 39
shift, 30
Theorem proving by resolution, 388-390 (See also
Predicate logic)
Thinning algorithms, 253 (See also Medial axis
transform)
Three dimensional:
contour following in, 146
decomposition, 287
edge operators, 81-83
image, 88-93
model, 320
objects, several representation, 264, 274-283
primitives for line drawing understanding, 293
shapes, 228
structure from image sequence, 210-214
volume algorithms, 284
Threshold:
determination from histogram, 152
multi-dimensional space, 153
multiple resolution, 155
for region finding, 152-155
Token-type distinction, 328
Top-down (See Control and Inference)
Topological connectivity and matching, 293, 372-375
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Torsion of space curve, 276
Transformation:

geometric, 477-481

lines and planes, 480
Translation rigid transformation, 479
Translational sweep, 274
Tree:

grammars, 175-178

quad, 249-252

rearrangement for backtracking improvement, 364

search for labeling, 412

strip, 244-247
Triangulation (See Stereo vision)
Trigonometry, plane and spherical, 468-469
Truth table, 386
Tumor detecticn, 344-346
Turtle algorithm for bleb finding, 144
TV (See Television cameras)
Two-dimensional shape (See Shape)
Type-token distinction, 328

Ultrasound, 54, 273

Unambiguous representation, 231
Undecidability of logic, 388

Units, meaningful, 116 (See Segmentation)
Universal quantifiers, 385

Unsatisfiability in logic, 388-389

Utility theory and planning, 446, 453

Subject Index

Vanishing point from texture, 191
Variable nodes in semantic nets, 329
Variance, image, 69, 208
Vector algebra, 469-471
Velocity (See Motion, Optic flow)
Vergeance, 21
Vertex:

catalogues, 298, 300

types, 295
Vidicon, 48
Viewpoint, (see Projection)
Virtual nodes in semantic nets, 328
Vision:

high- and low-level, 2-6

as planning, 6-9

system organization, 352
Volume (See Three dimensional)

Waltz filtering, 299 (See also Constraint; Labeling)
Well-formed formulae of logic, 385
Winged edge for surface representation, 266-267
Wire frame objects, 291

from projections, 211
World states in planning, 439

Y-axis region representation, 248
YIQ color basis, 34
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