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Artificial intelligence, 10, 512
Assertion, 69, 163
A-table. See Accumulator table
Attention, 533
Attenuate, 99
Autostereogram, 427
Axon, 2–3, 57, 215

Back projection fibers, 163
Back-projection, 41–51
Bandpass filter, 76, 90, 98–101
Bayes, Reverend Thomas, 321
Bayes’ rule proof, 323
Bayesian framework, 308–322, 362, 369–372,  
   392–395, 485, 502, 545–546
Binding problem, 72, 266–267, 271
Binocular disparity, 423–424, 454–462
 definition, 423, 454–457
 horizontal, 459–462, 468–472
 origins, 457
 vector, 466
 vertical, 456-457, 472–473, 475-485
Binocular 
 fusion, 421
 matching, 424, 454
 raw primal sketch, 443, 454
 rivalry, 212, 451, 532
Biologically plausible, 117
Biplexiform retinal ganglion cells, 212
Bipolar cell, 116, 138, 330
Bistratified ganglion cell, 212, 411
Blindsight, 532
Blocks world, 511–526
Bottom-up, 22, 162, 171, 201
Brain, 205–215
 anatomy, 4–5
Brain map, 229–254
Brain imaging, 543
Brightness, 375, 402
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Absolute threshold, 283
Accessibility criterion, 188
Accommodation, 424
Accumulator table, 197–198, 476
Achromatic, 375
Action potential 3, 57–59, 134, 139–140, 331,  
   333
Active vision, 545
Activity code, 3, 7
Adaptation, 76–96, 102–108, 409, 418
 motion, 335–338
Adjunct relations, 186
Aerial perspective, 375, 401
Affine, 470
Aftereffect, 73, 531
 color, 397, 408
 contingent, 102, 254
 contrast, 81
 motion, 334–338
 orientation-specific, 79
 size, 95
 tilt, 92
After-image, 76
Agnosia, 263
Algorithm, 11, 27, 38–40, 541
Algorithmic level, 38–39, 51, 252, 352
Allocentric, 459
All-or-none law, 3
Amacrine cell, 134, 141, 331
Ames, 23–24
Amplitude, 101
Anaglyph, 421–430, 444, 447, 450, 461–463
Anchor, 414
Anchoring rule, 382
Anisotropy, 50 
Antagonistic center/surround receptive fields, 140
Aperture problem, 340–344
Appearance variability, 176
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Camouflage, 21, 160, 168, 406, 428, 463
Candelas per square meter, 399
Canonical representation, 188
Cardinal cell. See Grandmother cell
Catch trial, 287
Category decision, 18
Cell body, 208
Cerebral cortex, 207
Cerebral hemisphere, 6, 206
Channel, 56, 66–73, 76, 86, 542
 spatial frequency, 89–99, 131, 149
Characteristic view, 191
Chevreul illusion, 393
Chick, response to falcon/goose, 182
Circularly symmetric receptive field, 101
Classical psychophysics, 283
Classification and identification, 189
Closure, figural grouping, 158
Coarse coding, 70, 263, 270, 405
Colinearity, 32
Color, 136, 244, 158, 397–418
 aftereffect, 397, 408
 blobs, 258, 412
 constancy, 402
 map, 247–249
Combinatorial explosion, 72
Compatibility constraint, 433–434
Complex cell, 60, 216–218
Complexity theory, 256, 263–264
Compression gradient, 37 
Computational framework, 37, 47, 54, 352, 542,  
   548
Computational level, 37–39, 352, 394, 417, 490,  
   541
Computational theory, 11, 27
Computer vision, 7, 542
Conceptually driven processing, 170
Conditional probability, 288, 291, 298, 312, 313,  
   364, 392
 definition, 312–313

Cone photoreceptor, 135–138, 398–418 
Cone coordinates, 415
Consciousness, 528–536
Consistency filtering, 519
Constraint, 20, 37, 52, 87, 98, 156, 308
 blocks world, 516
 definition, 20
 satisfaction, 276
 stereo correspondence, 438, 478, 490
 summary of, 540
Contingent aftereffect, 102
Continuity, 157
Continuous mapping, 231
Continuous probability density function, 318
Contrast, 64, 77, 385–395
 definition, 78
 illusion. See Lightness illusion
 and motion, 370
 sensitivity function, 88
 and stereopsis, 449
 temporal, 339
 threshold, 78–100, 340
Convergent disparity, 457
Convolution, 66, 116, 142
Cooperativity, 441
Coordinate frame, 459
Corpus callosum, 206
Correlation model, 338
Corresponding points, 424, 454
Cortex, 4–7, 206–210
Crab carapace, 229
Craik-Comsweet-O’Brien illusion, 376–383
Criterion, 286
Critical period, 87
Cross-channel combination, 128–131
Crossed disparity, 457
Cue conflict, 431, 505
Cue integration, 497–509
Cumulative density function (cdf ), 289
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Cycles per degree, 81
Cyclopean eye, 186, 457, 466
Cyclorotation, eye movement, 467
Cytochrome oxidase blob, 412

Data driven, 22, 162, 256
Deconvolution, 104, 380, 393
Decussation, 4, 208
Degrees of freedom, 34
Depth, 22
 cue, 421
 interval, 460
Dichromat, 405
Difference of gaussians, 141
Difference threshold, 283, 500
Diplopia, 445
Direct perception, 53
Directed view-sequence, 183
Direction map, 246
Directional derivative, 125
Discounting the illuminant, 401
Disparity
 convergent/crossed, 457
 divergent/uncrossed, 457
 gradient, 486–489
 horizontal, 459–462, 468–472
 vector, 453
 vertical, 456-457, 472–473, 475-485
Distance, 466
Distance paradox, tilt aftereffect, 94
Distributed representation, 70, 263
Divergent disparity, 430, 457
Downward flowing information, 170
d-prime, 293
Dualism, 529
Dual process theory, 407, 411
Duck/rabbit illusion, 20

Eccentricity, retinal, 454
Ecological optics, 14, 53

Edge, 112 
 detector, 62
 feature, 156
 Marr-Hildreth detector, 118, 129, 147
 point, 147
 representation, 161
Electromagnetic spectrum, 398
Elevation angle, 466
Emmetropic, 89
Empirical theory of vision, 390, 544
Epipolar constraint, 435– 438, 478, 486, 488–490
Esophoria, 427
Essentialism, 531
Exemplars, 180
Exophoria, 427
Explicit scene representation, 26, 147, 257
Exponential, 72, 256–274
 definition, 264
Eye, 134–137
 pinhole camera model, 31
 position, 460

Face
 convexity constraint, 308, 314
 face/vase illusion, 20
 face view cells, 250
 structure, 184
 Thompson’s inverted face illusion, 19
False-alarm, 291
Feature, 11, 20, 56, 156, 179, 184, 192, 197
Feature detector, 66
Feature dimension, 197
Fechner’s law, 303–305
Feedback, 212
Feedforward, 212
Feedforward connections, 369
Figural continuity, constraint for stereo matching,  
   489
Figural grouping, 126
Figure/ground problem, 20, 155–172
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Filter, 120
Filtering, 99
Fine coding, 269
Fingerprint theorem, 241
First derivative, 121
First order, 168
Fixation point, 423, 453, 466
Flicker, 339–340
Functional magnetic resonance imaging (fMRI),  
   527
Focus length, 32
Fourier component, 100-101
Fovea, 2, 7, 57, 69, 133–138, 234, 267, 405, 424
Foveation, 266
Fraser’s spiral, 13
Fronto-parallel plane, 454, 470
f-table, Hough transform, 197
Full primal sketch. See Primal sketch

Gait, 101
Ganglion cell, 140
Gaussian, 118–120, 127–132, 141, 285–299,  
   361–67, 392–395, 504, 546
Gaze angle, 466
General viewpoint assumption, 24, 267, 516
Geocentric, 459
Geometric effect, 478
Geon, 186–187
Gestalt, 156–158
Ghost in the machine, 530
Gibson, 13, 53
Global motion, 342–348, 356–371
Global stereopsis, 428, 433
Gnostic unit. See Grandmother cell
Gradient, 121
Grandmother cell, 250, 256, 262–263, 278, 524
Grating, 77–100
Gray level, 7–12, 57, 113, 138, 145, 148, 225– 
   226, 375, 378, 384, 544

Gray level description, 7
Gregory, Richard, 11, 23
 concave face illusion, 308
 consciousness, 533
 and Helmholtz, 322
 illusions as clues, 13, 542
 perception as hypothesis, 322
Ground, 7
Grouping principle, 157
Gun turret model of eye positions, 468

Haptic/visual cue combination, 505
Hardware level, 11, 38–39, 252, 339, 525, 541
Headcentric, 459, 466
Head-movement parallax, 421
Helmholtz, Hermann, 321–322
Hermann grid, 151–154
Hertz, 81
Heuristic, 272, 308, 514
Homogeneity constraint, 34
Homogeneous texture, 33
Horizontal cell, retina, 134, 331
Horizontal disparity, 456
Horizontal layer, retina, 214
Horizontal plane, 459
Hough transform
 binocular eye positions, 475–476
 object recognition, 197–201
Hubel, David, 59–62, 76, 98, 125, 214, 217–225,  
   235, 243–244, 278, 532
Hue, 402
Hypercolumn, 6, 222
Hypercomplex cell, 217
Hypercube, 269
Hyperfield, 6, 222

Ice cube model, 222, 244
Ideal observer, 291, 308, 321, 356, 370, 498
Identity theory, 530
Ill-posed problem, 311



�����

����<

Learning
 perceptual, 10, 545
 to see random-dot stereograms, 445–446
Least-squares estimate, 36
Lenticular stereograms, 427
Levels of analysis, 26, 37, 252, 476, 512, 525
Light from above assumption, 19, 307–308
Lightness, 374–376
 constancy, 376
Lightness illusion, 14–15, 373, 382, 387–388,  
   391–394, 403
Likelihood, 311–323, 362–372, 392
Linear combination, 106
Line detector, 59
Line labeling, 515–519
Line of sight, 437
Local code, 70
Log likelihood function, 367
Logarithm, 88, 304–305, 340–341, 367, 411
Look-up table, 36
Low-level, 162
Luminance, 77–82, 145–153, 282, 401
 and color, 398–417
 and lightness, 374–396
 and psychophysics, 282–304

Mach bands, 391, 394
Mach’s depth change illusion, 25
Macula, 134–136
Magnocellular layers, 212
Maintained rate, discharge, 59, 330
MAP estimate. See Maximum a posteriori
Mapping function, 234
Maps, 229–254
Marr, David, 11,37–54, 161–172, 252–253,  
   338–339, 521–526, 540–548
Marr-Hildreth edge detector, 118, 129, 147
Marr-Nishihara, object recognition theory, 185,  
   195
Marr-Poggio stereo algorithm, 435, 464, 486

Illuminance, 375, 384, 398–412
Illusion, 13–25, 542–546
Image
 compression, 137
 intensity gradient, 121
 inversion, 12, 521
 statistics approach, 399, 544
Induced effect, 478–479
Inference, 27, 309–322, 392–394, 514–515,  
   546–547
Inferotemporal lobe, 179, 192, 209, 248–251
Infinite regress, 12
Inhibitory veto, 330
Inhomogeneous texture, 33
Inner product, 416
Inner screen theory, 1–3
Interpupillary distance, 466
Intersection of constraints (IOC), 343
Interstripe, 248
Invariant, 262
Inverse filter, 393
Inverse mapping, 233
Isoluminant, 389
Isotropic, 45–54, 125–126
Isotropy. See Isotropic
Iteration, 441, 535

Jizz, 181
Johansson movie, 181–183
Junction dictionary, 516
Just noticeable difference (JND), 283, 500

Kanizsa’s triangle, 171, 389, 418
Konio ganglion cell, 411

Laplacian, 125
Lateral connections, 369
Lateral facilitation, 380
Lateral geniculate nuclei (LGN), 4, 208, 210
Lateral inhibition, 391
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Multivariate, 259

Necker cube, 26
Negative after-image, 76
Nerve fibres, 208
Neurometric function, 350
Neuron, 2, 206, 208
Noise, 360
 distribution, 285
Non-accidental properties, 191
Non-linear, 18
Normal distribution, 364
Null direction, 329, 332

Object classification, 180
Objectivism, 546
Object recognition, 173–204
Oblique effect, 83
Ocularity stripes, 233, 243–244
Oculocentric frontal plane, 471
Ordering constraint, stereo matching, 490
Off-center/on-surround receptive field, 139
Ogive, 78, 349
Ogle’s induced effect, 478–479
Operational definition, 18
Opponent pair, 329
Opponent process theory, 407
Optic
 array, 53
 axis, 32
 chiasm, 4, 208, 233
 nerve, 4, 134, 208, 210
 radiation, 5
Optical imaging, 222, 235, 242
Orientation
 channel, 69
 columns, 62
 map, 236
 specific adaptation, 84
 tuning, 62, 80

Marr-Ullman motion detector, 334
Matching problem
 motion, 334
 object recognition, 179
 points for stereo matching, 442
 stereo correspondence, 433–442, 486–492
 stereo at different scales, 492
Maximum a posteriori (MAP), 315, 317, 393
Maximum channel output rule, 414
Maximum likelihood estimate (MLE), 317, 
368–369
Matrix, 416
McCollough effect, 102, 418
Mental rotation, 192
Meridional size lens, 478
Metamer, 398, 406–408, 415
Method of
 adjustment, 78, 301-302
 constant stimuli, 79, 301
 limits, 301-302
Mexican hat receptive field, 126, 134, 141–142
Microelectrode, 59
Micron, 137
Microstimulation, 351
Mid-brain, 212
Midget retinal ganglion cell, 211, 411
Mondrian, 131, 402 408, 412, 416–417
Modularity, 38–39
Modulation transfer function, 98–102
Module, 49
Monocular, 244
Monocular depth cues, 420
Monotonic, 107, 301
Monovision, 452
Motion, 12, 325–372
 area, 249
 recognition from, 181–184
Motion aftereffect, 96, 334
Motion vector, 342
MT. See V5
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Population
 code, 68–70
 vector, 361
Posterior probability, 313–320, 362, 370, 393
Power law, Stevens, 305
Precision, 502
Preferred
 direction, motion detection, 328–333, 338,  
    347, 349–351, 359–371
 orientation, 63–71, 86, 90, 92, 96, 97, 103,  
    107, 109, 216, 218, 220, 223, 235–237,  
    243–253, 269–274
 stimulus, 61, 62, 66, 83, 442
Pre-striate cortex, 7
Primal sketch, 161
 binocular raw, 443, 454, 492
 full, 162–163, 170, 227, 381
 raw, 161–162, 227
Primary index, 239
Primary visual cortex. See Striate cortex
Primitives, 178
Principle of
 additivity, 469, 472
 explicit naming, 163
� Gestalt grouping, 156–159
 least commitment, 162
 separability, 466
 sign, 243
 univariance, 408
Prior probability, 313–320, 362–370
Priors, 308
Probability, 282-299,
 conditional, 288, 291, 298, 312, 313, 364,  
    392
 density, 286–290, 298, 317, 364
 likelihood, 311–323, 362–372, 392
 maximum a posteriori (MAP), 315, 317, 393
 maximum likelihood estimate (MLE), 317,  
    368–369
 prior, 308, 313–320, 362–370
 posterior, 313–320, 362, 370, 393

Origin, coordinate framework, 459

Packing problem, 230–252
Panum’s
 fusional area, 443, 486
 limiting case, 436
Parameter
 estimation, 362
 field, 269
 space, 238, 259
Parasol ganglion cell, 212, 411
Parvocellular layers, 211, 411
Perception as hypothesis, 322
Perceptual
 constancy, 41
 grouping, 157
 inference, 309
 learning, 10, 545 
Period, frequency, 339
Periphery effect, 141
Perspective
 gradient, 37 
 projection, 31
Phase, 101
Photopic vision, 136
Photosensitive pigment, 136
Pictorial depth cue, 421
Pineal gland, 529
Pinwheel, 236, 242, 245
Pixel, 9
Place code, coding, 18, 95
Plaid pattern, 347
Plasticity, 10
PMF stereo algorithm, 486
Pointillist representation, 459
Polar coordinates, 343, 358
Polymap, 245
Pontifical cell. See Grandmother cell
Ponzo illusion, 40–41
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Reflectance, 374–415
 function, 399–415
Reichardt motion detector, 328
Relaxation algorithm, 516–518
Representation, 3
Response profile vector, 360, 362
Resting discharge rate, 60
Resultant vector, 359
Retinal coordinates, 455
 eccentricity, 453–455
Retinal ganglion cell, 331
Retinex, 383, 398, 403, 412
Retinotopic coordinate system, 184
Retinotopic map, 7, 184–5, 208–15, 223, 230– 
   249
Retinotopy, 214, 235, 249–252
 losing, 249
Rhodospin, 136
Rod photoreceptor, 136, 405

Saturation, 402
Scaling problem, 382
Scope and uniqueness constraints, 188
Scotopic vision, 136
Secondary index, 239
Secondary visual cortex, 248
Second derivative, 123
Second order, 168
Segmentation problem, 162
 via object recognition, 170
Sensitivity, 339
Shape from texture, 30, 320, 498
Signal detection theory (SDT), 79, 284–285
Sign
 principle, 243
 theorem, 242
Similar size, figural grouping, 157
Simple cell, 56–73, 90–98, 125–126
Simultaneous contrast, 96–97
Sine wave, sinusoid, 81

Proximity, figural grouping, 157
Psychometric function, 78, 282, 283, 349
Psychophysical methods, 27, 78, 300–306
Psychophysics, 45, 77–78, 281–306
Pupil, eye, 32
Purkinje shift, 404–406
Pyramidal cell, 2, 214

Qualia, 530
Qualitative stereopsis, 445
Quantization, 460

Radian, 460
Radical empiricist strategy, 86
Random-dot stereograms, 420, 427–464, 491– 
   493, 503
 and camouflage, 463
Random variable, 285, 364
Raw primal sketch. See Primal sketch
Realism, 546
Recalibration, 82,
 tilt aftereffect, 103–109
Receiver operating characteristic (ROC), 296
Receptive field, 56–67, 90, 99, 102, 111–129, 
   139–142, 151–154, 163, 214–217, 225, 256, 272
 color, 412
 complex cell, 217
 convolution, 116
 definition, 58
 ganglion cell, 140
 hypercolumn, 225
 motion, 330–333, 340–346, 349–351,   
    391–392, 411
 simple cell, 216, 218
 spatiotemporal, 345
 weighting, 117
Receptor mosaic, 12, 116
Red banana objection, 268
Redundant, 103



�����

����<

Structural description, 176
Sub-threshold, 141
Successive illusion, 96
Superior colliculus, 5, 212–213
Surface interpolation, 447
Surface smoothness constraint, 436
Symbolic computation, 10
Symmetric fixation, 467
Symmetry, in figure/ground, 158–161
Synapse, 139
Synkinesis, accommodation/vergence, 427

Tangent distribution, 47–49
Task analysis, 114
Template matching, 57, 59, 257, 261–262, 319
Template-neuron, 258–270
Temporal band-pass filter, 339
 cortex, 277, 527
 frequency, 339
Test-adaptation-test cycle, 77
Tetrachromats, 406
Texel, 30–31
Texture density, 30–31
Texture density gradient, 32
Theory driven, 256
Threshold, 3, 18, 58, 
 contrast, 78–80, 84–88, 91–92, 100, 148
 psychophysics, 282–284, 287, 296, 297,  
    300–304
 temporal, 339–341
Tilt, 34
 aftereffect, 92–95, 107–109
 definition, 30,34
 gradient space, 520
 relation to p,q, 52
Top down processing, 22, 162, 171, 201
Topological index, 242
Transmittance, 375
Trial, psychophysics, 79
Trichromacy theory, 407

Single cell recording, 59, 215
Singularity, 221, 230, 236, 239–246, 252
Sinusoidal luminance grating, 340
Size constancy, 41
Sketch, 2.5D, 525
Slant, 30
 and cue combination, 497
 definition, 30, 34
 gradient space, 520
 relation to p,q, 52
Slit detectors, 62
Space-time diagrams, 345
Sparse coding, 278
Spatial distortion, 17
Spatial frequency, 81–110, 130, 168, 244–246,  
   340
 contrast sensitivity function, 88
 map, 244
Spatial opponency, 411
Spatial scale, 119, 139
Spatiotemporal receptive field, 345
 signature, 183
Spectral opponency, 411
Spectral reflectance function, 399
Spectrum, 100, 398–416
Spike, 59
Stability and sensitivity constraints, 189
Staircase method, 301
Standard deviation, 120, 289, 363, 500
Stereo correspondence problem, 427–434
 geometry, 423, 466–468
Stereogram, 421, 427
Stereo half, pair, 421–422
Stereoscope, 424
Stereotest, Frisby, 433
Stevens’s law, 305
Striate cortex, 4–7, 59–60, 76, 206–227
 maps, 230–254
 motion, 346–350
Stripe of Gennari, 215
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Vieth-Müller circle, 458
View-based recognition, 188, 191–194
Viewer-centered representation, 186
Viewing geometry, 435, 466
View potential, 191
Viewsphere, 193
Visual
 acuity, 89
 angle, 81
 attention, 213
 direction, 458
Volumetric primitive, 185

Wallpaper illusion, 427
Waveform, 101
Weber fraction, 303
Weber’s law, 302–303
Weighted average, 56, 69, 106. 369, 499
Wertheimer-Benary illusion, 386
White’s illusion, 386
White matter, 207
Whorfian hypothesis, 327
Wiesel, Torsten. See Hubel

Zero crossing, 123, 124, 129, 132, 147–151
Zollner illusion, 96

Trichromat, 405
Tristimulus coordinates, 416
Tuning curve, 62–70, 92–97, 258, 263, 269, 272,  
   361–372, 408
 function, 362
 surface, 273
Two-alternative forced choice (2AFC), 79, 284,  
   296–303, 349–506
Type 1 and 2 problems, 523

Uncomputable number, 257 
Unconscious inference, 197, 321, 514, 545
Uncrossed disparities, 457
Uniform joint distribution, 104
Uniform prior probability distribution, 262
Uniqueness constraint, stereopsis, 436
Univariate, 258

V1. See Striate cortex
V2, 236, 246, 344, 347
V3, 247, 249, 347, 412
V4, 247–249, 347, 412
V5, 247–250, 326, 344, 347, 359
V8, 412
Value coding, 18, 95, 107
 unit, 258
Variable coding, 107
 unit, 258
Variance, 44, 296–299, 361–367, 499–502
 definition, 499
Vase/face illusion, 20
Vector, 232, 237, 416,
 average, 359
 disparity, 453–469
 motion, 342–371
 sum, 348, 359
Velocity, 342
Vergence angle, 424, 466–467
Vertical columns, 214
 disparity, 435, 456
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