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dark, 22-23, 34, 148, 151-152, 159
light, 22-23, 148-149, 152
mechanisms of, 21
motion, 155-156
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additive mixtures, 95, 103
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adjustment, method of, 43
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afterimages, 149, 155
Albers, Josef, 113
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adaptation model for, 220, 224
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data for, 208, 210, 216
example of, 279, 281
hue equation in, 216-217, 221
limitations of, 197
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chromatic adaptation transforms, 163-164
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chromatic contrast, 34, 28f
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example of, 229
lightness scale of, 161
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mapping of, 164, 179
recommended usage of, 300, 303, 306
testing of, 264
uniformity of, 185, 189
utility of, 305
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CMC color difference equation, 81
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constancy of, 24, 132-133, 164-165
corresponding, 159-162, 164, 162{-163f,
255, 261-262
defined, 47, 159
memory, 24, 130, 132
related, 84, 146, 162, 164
triangle of, 54-55, 66, 82, 55f
tristimulus values and, 70-71
unrelated, 88-89, 120, 130
color appearance
cognitive aspects of, 132
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color appearance models, applications of,
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CIECAMO2, 238-239
CIECAM97s, 238-239
CIELAB, 184-186, 189, 191-195
CIELUV, 184, 194-195
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construction of, 184-185
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261-262
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defined, 183, 189
developments for the future, 299, 306
and device independent color imaging,
309-310, 312-313, 315, 321-322, 324,
330-331
direct-model testing of, 264
Hunt’s, 196-197, 201, 203, 205-206
LLAB, 239, 245-246, 249-251
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263
Nayatani’s, 196-199, 202-207
pictorial review of, 253
psychophysics and, 53, 66
qualitative testing of, 264
research on, 299
RLAB, 225, 227-228, 230-232, 234-237
testing of, 94, 165, 264
utility of, 90
variety of, 301, 304-305
visual system and, 35, 46, 52
ZLAB, 255, 260-263
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color appearance reproduction, 255, 261 in color appearance, 85
color constancy, 24, 132-133 defined, 84
computational, 164-165 varying directly with luminance, 113, 121,
color differences specifications, 64 124
color differences measurement, 245 colorimetric color reproduction, 274
application of color appearance models to, colorimetry

254
future directions for, 253
recommendations for, 260
techniques of, 246
color gamut, 261
color measurement, 285
based on ICC Profile Format, xiv
color matching, 70-73, 76-77, 74t
color matching functions, 70-72, 76-77
average, 71, 81
color naming systems, 109
types of, 97, 104, 106-107
color order systems, 94-96, 103, 106-109
applications of, 94-95, 97-98, 102-103,
106-109
in art and design, 105, 107
in communication, 107
in education, 107-108
in evaluation of color appearance models,
104
and imaging systems, 98, 108, 110
limitations of, 102, 107-108
in visual experiments, 106
color preference reproduction, 287
color preferences, 314, 324, 327-328, 331
color rendering, 279, 293-295
application of color appearance models to,
278-281, 283-287, 289-295
CIE technical committee on, 279, 291-293
future directions for, 294
indices for, 293
recommendations for, 293-294
techniques of, 285, 287, 289, 294
color reproduction
defined, 273-274
enhancing accuracy of, 282
levels of, 275
color spaces(s)
CIE, xiii, 78-79
color differences in, 78, 80-81
viewing-conditions-independent, 283
color temperature, 56-58
color vision
deficiencies of, 31
historic theories of, 17
spatial properties of, 27, 28f
temporal properties of, 26
color vision deficiencies, 17-18, 30-33
gender and, 31
screening for, 33
colorcurve system, 102-103, 106

absolute, 58, 60, 75
advanced, 53-54, 82
basic, xviii, 53-56, 66-67, 82
defined, 54
future directions in, 263
normalized, 75
origin of, 66
relative, 75
colour standards for image technology, 240
Commission Internationale de I'Eclairage
(CIE), xiii
activities of, 279, 291-292, 294
See also CIE entries
communication, color-order systems in, 107
computational color constancy, 164-165
cone monochromatism, 31, 33t
incidence of, 33t
cone responses
transformation of tristimulus values to,
191
cones, 4, 6, 8-11, 13-15, 21, 23, 27, 30, 34
distinguished from rods, 30
function of, 8-11
relative abundance of, 29
role in light and dark adaptation, 151
spectral responsivities of, 66-67, 71, 76
types of, 6, 8-9, 16-19, 21, 24, 27, 30-31,
33
constant stimuli, method of, 30
contrast
varying directly with luminance, 116-117
varying directly with surround, 125
contrast sensitivity functions (CSFs), 26-27,
271, 28f
and eye movements, 29-30
spatial, 26-27, 29, 34, 15f, 27f, 28f
temporal, 26 -27, 29, 28f
cool white fluorescent lamp, and color
rendering, 293-295
cornea
described, 1
function of, 1
correlated color temperature (CCT), 56, 58-59
corresponding color reproduction, 283
corresponding colors, 159-160, 164, 163f
color appearance models and, 252
Cowan equation, 119-120
crispening, 113-115, 115f
CRT display, 139
characterization of, 295
cubo-octahedron, 104
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Dalton, John, 31
dark adaptation, 19, 22-23, 34, 148-149,
151-152, 152f
curve of, 10, 21, 21f
daylight fluorescent lamp, and color
rendering, 293-295
definitions, importance about being
enormously careful about, 65
design, color-order systems in, 106
deuteranomaly, 31, 33t
incidence of, 33t
deuteranopia, 30, 33t
incidence of, 33t
Deutsches Institut fiir Normung. See DIN
device calibration, 316
device characterization
approaches to, 316
defined, 310-312, 314, 322
goals of, 313
device-independent color imaging
color appearance models and, 309-310,
321
defined, 310
device calibration and characterization in,
316, 332
example system for, 328-329
gamut mapping and, 315, 321, 324,
326-327
general solution to, 315-316
as goal, 313, 327
ICC implementation of, 330
inverse process, 328
process of, 315, 321, 326, 328, 330, 317f
viewing conditions and, 309-311,
313-315, 320-324, 328-333
diffuse/normal viewing geometry, 64
digital cameras, characterization of, 319
DIN color system, 99
discounting the illuminant, 24, 34, 127

education, color-order systems in, 107
empirical modeling, 318
equivalent color reproduction, 311, 314
exact color reproduction, 311
eye

anatomy of, 1

optics of, 1, 3, 4

Fairchild, M., 238
Fairchild’s chromatic adaptation model,
177
equations of, 168
predictions by, 179
Farnsworth-Munsell 100-hue test, 33
Fechner’s law, 38-39, 39f
filling-in, 12, 12f
film mode of appearance, 144
flare, 319-320, 322, 325

fluorescence, 65

in output devices, 312-314, 319-320
fluorescent lamp, and color rendering,
293-295
forced-choice method, 44-45
45/normal viewing geometry, 63-64
fovea, 5, 8, 10-11, 29-30, 34
frequency-of-seeing curve, 44, 49

gamut, 324
color, 308
defined, 324
limits to, 324
gamut mapping, 324
defined, 324
techniques for, 326, 330
ganglion cells, 5-7, 11-14
gender, and color vision deficiencies, 30-33,
33t
graphical rating, 47
Grassmann’s laws, 70-71, 73
Guth’s chromatic adaptation model, 175
equations of, 168
predictions by, 170, 173, 175

haploscopic matching, 46, 160-161
hard-copy output, 159
Helmholtz-Kohlrausch effect, 107
Helson-Judd effect, 122-125, 124f
herding CATs, 179
Hering opponent-colors theory, 17-18
high pressure sodium lamp, and color
rendering, 293-295
horizontal cells, of retina, 6
hue
in color appearance, 85
defined, 54
Munsell, 95-99, 101-104, 106-107, 97f
NCS value, 101
of nonselective samples, 122, 124, 124f
varying directly with colorimetric purity,
117, 121
varying directly with luminance, 116-117,
119, 1171, 1191, 121f
human visual response, quantification of, 66
Hunt-Pointer-Estevez transformation, 211
Hunt, RW.G., 208, 246, 248, 250
Hunt color appearance model
adaptation model for, 196-200
advantages of, 318
brightness equations in, 201
chroma equation in, 203
colorfulness equation in, 204
data for, 192
example of, 259-260
hue equations in, 223, 223t
inversion of, 221
lightness equations in, 220
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Hunt color appearance model (continued)
limitations of, 225, 237
objectives and approach of, 196
opponent-color dimensions in, 200
predictions of, 209, 221, 224
saturation equations in, 211
testing of, 264

Hunt effect, 108

iCAM image appearance model, 340-341
framework, 340, 346-347, 349-350
future, 357-359
image appearance and rendering, 350
image difference and quality, 355

ICC profile format, xiv

illuminant A, 56, 58, 57f

illuminant C, 58, 57f

illuminant D50, 59f
spectral power of, 59f

illuminant D65, 56, 58, 81, 59f
and color rendering, 229-301, 300t
spectral power of, 56, 58, 59f

illuminant F2, 59, 60f
spectral power of, 59, 60f

illuminant F8, 58-59, 60f
spectral power of, 59, 60f

illuminant F11, 58-59, 60f
spectral power of, 58-59, 60f

illuminant metamerism, 304-306

illuminant mode of appearance, 143

illuminants
CIE, 53, 56, 58-59, 64, 67, 69-70, 72-73,

76-82, 57f, 59f-60f, 61t, 69f, 68t
discounting, 24, 34, 127

illumination, standard, 63-64

illumination mode of appearance, 144

image appearance models, 335, 339-340

image quality, 337-340, 345-346, 355, 356f

image rendering, 339-340, 342, 345-347

imaging systems, color-order systems in, 108

indices of metamerism, 303-304, 306
application of color appearance models to,

301, 303, 305
future directions for, 301, 303-304, 306
recommendations for, 306
techniques of, 300, 302, 304-305
interaction of color, 113
International Colour Association (AIC) 1997
meeting, 254

international lighting vocabulary, 84

interval scale, defined, 41

invertibility, 328

iris, described, 4

irradiance, 56

Ishihara’s Tests for Colour-Blindness, 33

just-noticeable difference (JND), 38, 42
experiments testing, 42-43, 45-46, 50-52

L cones, 10
relative abundance of, 13, 19, 29
spectral responsitivities of, 8, 13, 19, 9f
LABHNU2 model, example of, 296
Land two-color projection, 130
lateral geniculate nucleus (LGN), 13
lens
described, 1, 6, 13, 17, 24, 34
function of, 1, 3-5, 8-9
light adaptation, 113, 146
curve of, 19, 21f
role of rods and cones in, 151
light source
defined, 54
types of, 59, 75
lightness, 78-81
—chroma reproduction, 92, 92f-93f
in color appearance, 85
defined, 79
equation for, 81
limits, method of, 43
linkage chromatic-adaptation model, 152,
162-164, 163f
LLAB color appearance model
adaptation model for, 241, 246, 251
chroma equation in, 239, 244
color differences in, 243, 246, 250-251
colorfulness equation in, 249
data for, 239-240
example of, 279, 260t
hue equations in, 243
lightness equation in, 243
limitations of, 250
objectives and approach of, 240, 245
opponent-color dimensions in, 242, 248
perceptual correlates in, 243, 249
predictions of, 239
saturation equation in, 239
testing of, 264, 260t
lookup tables (LUTs), 321, 330
multidimensional, 320-321
Lovibond Tintometer, 95
luminance, 26, 67, 69, 73, 78
and brightness, 107
contrast sensitivity functions for, 26,
27{-28f
varying directly with colorfulness, 107
varying directly with contrast, 113
varying directly with hue, 111
Luo, M.R., 254
LUTCHI study, 285-287, 291

M cones, 10, 15
relative abundance of, 10-11, 42
spectral responsitivities of, 6, 8-9, 13, 19,
23, 9f
MacAdam’s chromatic adaptation model,
172



INDEX

Macbeth Color Checker Chart, 108
macula, 5-6, 34
magnitude estimation, 47-49
matching techniques, 45
Maxwell’s color process, 130
McCollough effect, 155
measurement
colorimetric, 311-321, 330, 332, 329f
exhaustive, 316, 318, 328
memory color, 24, 34, 130, 132
memory matching, 46, 161
mercury lamp, and color rendering, 300t
mesopic vision, 8
metal halide lamp, and color rendering, 300t
metamerism, 67
indices of, 303-304, 306
in input and output devices, 312-313, 320
metameric, defined, 70
method of adjustment, 43
method of constant stimuli, 43-44
method of limits, 43
modeling
empirical, 316, 318
physical, 316-317
modular image difference model, 340
modulation transfer functions, 26
monochromatism, 31, 33t
incidence of, 33t
Mori experiment, 123
motion adaptation, 155-156
multidimensional scaling (MDS), 48-49, 51f
Munsell Book of Color, 85
Munsell value scale, 85

Natural Color System (NCS), 95, 99
chromaticness in, 100-102, 101f
hue in, 104

Nayatani’s chromatic-adaptation model as

basis for color appearance model, 199

equations of, 173
forebears of, 173
predictions by, 162, 164

Nayatani’s color appearance model
adaptation model for, 205
brightness equations in, 204
chroma equations in, 204
data for, 197
example of, 279, 281
hue equations in, 216-217, 222-223
inversion of, 221
lightness equations in, 220, 222
limitations of, 225
objectives and approach of, 208
opponent-color dimensions in, 215-216
predictions of, 209, 221, 224

saturation equations in, 217-218, 220,

222
testing of, 264

nominal scale, defined, 40-41

normal/diffuse viewing geometry, 64

normal /45 viewing geometry, 64

normalization constant, in colorimetry, 67,
75-77

normalized colorimetry, 67, 75

objects, recognition of, 24
oblique effect, 29
observer metamerism, 304-306
off-center ganglion cells, 15
on-center ganglion cells, 15
one-dimensional scaling, 46, 49
opponent-colors theory

Hering'’s, 17-18

modern, 17-19
opsin, 13
optic nerve, 4-6, 11, 13
optical illusions, 128
Optical Society of America Uniform Color

Scales (OSA UCS), 103

ordinal scale, defined, 40-41, 47, 49
Ostwald system, 95, 103, 105-106
output lexicon, defined, 324

paired comparison experiment, 48-49
Pantone Process Color Formula Guide, 95,
109
partition scaling, 47-48
pass-fail method, 44
perceptual threshold, 37
perfect reflecting diffuser (PRD), 65, 75
photometry, 67, 69, 73, 75
photopic luminous efficiency function, 72
photopic vision, 8-9
photoreceptors, 4-8, 11, 13, 15, 21, 34
energy responses of, 10-11, 13, 15-16, 18,
25,27, 31
gain control of, 149, 153
see also cones; rods
physical modeling, 316-317
pigmented epithelium, 4-5
Planckian radiator, 58
pleasing color reproduction, 313
PostScript Process Color Guide, 110
power law, 39-40
preferred color reproduction, 312-314, 327
presbyopia, 3
printers, characterization of, 319
probit analysis, 45
profile connection space, 331-332
proportionality, Grassmann'’s law of, 73
protanomaly, 31
incidence of, 33t
protanopia, 30
incidence of, 33t
proximal field, defined, 137
pseudoisochromatic plates, 33
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psychometric function, 44-45
psychophysics
defined, 40-44, 47
experimental concepts of, 41
experimental design in, 35, 42
history of, 37, 51
relation to color appearance modeling, 36,
43, 46, 50-52
pupil, in adaptation to light and dark, 149
Purkinje shift, 10, 69

radiance, 56-57, 65, 67, 75
equation of, 58
radiator, black-body, 58
rank order experiment, 47
ratio estimation, 47-48
ratio scale, defined, 41
receptive fields, 14-16, 26, 14f-15f
receptor gain control, 149
reflectance, 60, 63-65
distribution functions of, 63
related color, 86-89, 91
defined, 84, 85, 87, 89, 92
relative spectral power distribution, 56,
58-59, 75, 571, 59f-60f, 61t
response compression, 154, 154f
retina
described, 6, 13, 17, 24, 34
light perception in, 6
light processing in, 5, 15-16
structure of, 5-6
retinal, 11, 13
retinex theory, 171-172
RGB, device coordinates, 308
rhodopsin, 9, 13
Richter, K., 254
RLAB color appearance model
adaptation model for, 228
chroma equation in, 234
data for, 227, 234, 233t
example of, 279, 281
hue equation in, 232
inversion of, 234
lightness equation in, 231-232, 234, 232f
limitations of, 225, 237
objectives and approach of, 225
opponent-color dimensions in, 230
predictions of, 227, 236
saturation equations in, 234, 236
testing of, 264
usefulness of, 359
rod monochromatism, 31,33t
incidence of, 33t
rods, 4, 6, 8-11, 13, 21, 34
distinguished from cones, 30
function of, 1, 3, 5, 12-13, 17, 26, 34
luminous efficiency function for, 67,
69-70, 72, 69f

relative abundance of, 10-11
role in light and dark adaptation, 148

S cones, 9-10, 27
relative abundance of, 10-11, 34
spectral responsitivities of, 8-9, 13, 19
saturation, 88-91
defined, 89, 92
equation for, 90
scales
types of, 59, 75
uses of, 95, 106
scaling
multidimensional, 38, 40, 42, 44
one-dimensional, 46-47, 49
scanners, characterization of, 316
scotopic luminous efficiency function, 68t
scotopic vision, 8-9
simultaneous binocular viewing, 323
simultaneous contrast, 112-116, 124, 130,
132, 112f
complexity of, 114f
example of, 112, 114, 118, 120, 112f, 115f,
128, 131f
and shape, 112, 130, 128f
vs. spreading, 113, 115-116, 116f
sodium lamp, and color rendering,
293-295
soft-copy display, 159
spatial CSFs, 27, 29
spatial frequency adaptation, 155
spatial perception, and chromatic
perception, 134
Specification of Colour Appearance for
Reflective Media and Self-Luminous
Display Comparisons (CIE technical
committee), 292
spectral color reproduction, 310
spectral luminous efficiency, 67, 69
spectral power distribution, 54-59, 67,
70-71, 73, 75, 59f
spectrophotometry, 60
CIE standards for, 65
spectroradiometry, 56
spreading, 113, 115-116, 116f
vs. simultaneous contrast, 112-113,
115-116, 124, 130, 132, 112f, 114f,
116f, 128f
stage theory, 19
staircase procedures, 45
Stevens effect, 121-122, 125, 123f
Stevens power law, 38-40
stimulus
characteristics of, 130
defined, 120, 132
subtractive mixtures, 95
successive binocular viewing, 322
surface mode of appearance, 144



INDEX

surround
contrast and, 113, 116, 124, 130, 132,
116f
defined, 120, 132

tapetum, 5
TC1-27, Specification of Color Appearance
for Reflective Media and Self-Luminous
Display Comparisons, 292
TC1-33, Color Rendering, 293
TC1-34, Testing Colour Appearance Models,
291
model preparation by, 254
temporal CSFs, 29
10-- observer, 76
testing color appearance models, 183
Testing Colour Appearance Models
(CIE technical committee), 291
model preparation by, 254
threshold experiments, 36, 42
types of, 38, 40, 42-44
Thurstone’s law, 48
tintometer, 95
transmittance, 60, 63, 71, 75, 63f
distribution functions of, 63
tri-band fluorescent lamp, and color
rendering, 293-295
trichromatic theory, 17, 19
tristimulus values, 54, 70-73, 75-77, 79,
73f
measurement of, 134
transformation to cone responses,
167-169, 172-173, 175
XYZ, xiii-xiv, 72-73, 76
tritanomaly, 31
incidence of, 33t
tritanopia, 30
incidence of, 33t
Troland, defined, 240
Trumatch Colorfinder, 109
tungsten halogen, lamp, and color
rendering, 293-295
two-color projections, 130
2° color-matching functions, 76

unrelated color, 88—-89
defined, 89, 143

viewing
anomolies of, 141-145
modes of, 134, 141, 143-144, 144t
viewing conditions, definition of, 303-304
viewing-conditions-independent space, 301
viewing field
colorimetric specifications of, 138
components of, 134-135, 138, 141, 136f
configuration of, 135-136, 138
viewing geometries, 63-64
vision
experiments on, 35-38, 42-43, 45-47,
50-52
human, 55-56, 66, 55f
visual area 13, 16
visual experiments, 106
types of, 38, 40, 42-44
visual threshold, 37
vitreous humor, 3, 32
volume mode of appearance, 144
von Kries chromatic-adaptation model
equations of, 178-179
history of, 166
predictions by, 178-179, 181
testing of, 264

Ware equation, 119-120

Weber. E.H., 37

Weber’s law, 37-38

whiteness, NCS value, 99-104, 106, 108,
101f

wrong von Kries transforms, 191-192, 194,
180f

xenon lamp, and color rendering, 293-295
XYZ tristimulus values, xiii, 73

yes-no method, 44

ZLAB color appearance model, 255, 260
appearance correlates in, 257, 262
chromatic adaptation in, 255-256, 261,
264

data for, 264

invertibility of, 263

similarities of CIECAM97s, 252, 254-255,
259-264



