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Abstract: Psychophysical experiments were conducted to
assess unique hues on a CRT display for a large sample of
colour-normal observers (n ¼ 185). These data were then
used to evaluate the most commonly used colour appear-
ance model, CIECAM02, by transforming the CIEXYZ tris-
timulus values of the unique hues to the CIECAM02 colour
appearance attributes, lightness, chroma and hue angle.
We report two findings: (1) the hue angles derived from our
unique hue data are inconsistent with the commonly used
Natural Color System hues that are incorporated in the
CIECAM02 model. We argue that our predicted unique hue
angles (derived from our large dataset) provide a more
reliable standard for colour management applications
when the precise specification of these salient colours is im-
portant. (2) We test hue uniformity for CIECAM02 in all
four unique hues and show significant disagreements for all
hues, except for unique red which seems to be invariant
under lightness changes. Our dataset is useful to improve
the CIECAM02 model as it provides reliable data for
benchmarking. � 2010 Wiley Periodicals, Inc. Col Res Appl,

36, 316 – 323, 2011; Published online 7 October 2010 in Wiley Online

Library (wileyonlinelibrary.com). DOI 10.1002/col.20637
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INTRODUCTION

Recently, interest in colour appearance models has grown

because of the increased need of cross-media colour

reproduction. CIE TC8-01 recommended the use of the

CIECAM02 colour appearance model for colour manage-

ment,1,2 which is capable of accurately predicting the

appearance of colours under a wide range of viewing con-

ditions. Generally, colour appearance models consist of

three stages: a chromatic adaptation transform, a dynamic

response function and the transformation into a uniform

colour space.3

Unique hues were originally defined by Hering4 as the

hues of four fundamental chromatic percepts regardless of

saturation and lightness: unique red (UR) and unique

green (UG) are defined as colours for which the yellow-

blue opponent channel is at equilibrium; unique yellow

(UY) and unique blue (UB) are defined as colours where

the red-green opponent channel is at equilibrium. Experi-

mentally, UR is obtained by asking observers to select the

reddish stimulus that contains neither yellow nor blue;

similarly, a greenish light is called ‘UG’ if it contains nei-

ther yellow nor blue. A stimulus is called ‘UY’ or ‘UB’

if it contains neither red nor green. Most colour appear-

ance models include the loci of unique hues; in CIE-

CAM02, four system unique hues are defined based on

unique hues in the Natural Color System.5

The first goal of our study is to investigate whether the

four system unique hues adopted in CIECAM02 are accu-

rate. Second, we will test whether hue uniformity holds in

CIECAM02; hue uniformity is important as it affects per-

formance of image reproduction and enhancement.

A number of studies have been performed to identify

the loci of unique hues and the intra- and inter-observer

variability for a range of different stimuli: monochromatic
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lights,6–8 stimuli displayed on CRTs or Munsell Chips.9–13

However, none of these datasets was appropriate to test the

validity of colour appearance models. The primary focus of

this article is to define the loci of the unique hues in a

widely used colour appearance model, namely CIECAM02,

and to evaluate the validity of CIECAM02 itself, in partic-

ular its hue invariance properties under different lightness

and chroma settings.

EXPERIMENTS

CRT Characterisation

A 21-inch Sony GDM-F520 CRT driven by a ViSaGe

system and a Dell computer was used for stimulus presen-

tation. The CRT was calibrated and characterized by using

the ColourCal calibration device (Cambridge Research

System, Kent, UK). The CRT monitor had a correlated

colour temperature of about 9300 K with a peak luminance

of 120 cd/m2. The CIE chromaticity coordinates (x, y, lumi-

nance) of the phosphors at peak output were as follows: red

¼ 0.627, 0.342, 28.12; green ¼ 0.287, 0.608, 80.96; blue ¼
0.151, 0.074, 14.16, respectively. As there was some initial

monitor drift, the monitor was switched on at least 1 h

before the start of the experiment.

Experimental Interface

A GUI interface was designed to fully control the dis-

play of the colour patches on the CRT by using Matlab

7.4 and the CRS Matlab toolbox by Cambridge Research

Systems. As shown in Fig. 1(a), 10 colour patches

arranged along an annulus at constant eccentricity are dis-

played on the screen. Each patch had a diameter of 28 of

visual angle and was presented at an eccentricity of 48.
The background was always set to a mid-grey with a

lightness (L*) of 50,14 that is, at a luminance of 23.9 cd/

m2 corresponding to 20% of the peak white.

Hue Selection Task

A modified hue selection task15,16 was used in this

study to obtain unique hue data. On a particular trial, the

colour patches [Fig. 1(a)] always had the same lightness

and chroma but different hue angles. The task of the ob-

server was to select, by using a button box, the patch that

was neither yellow nor blue (to obtain UR and UG). UY

(blue) was obtained by selecting from a selection of yel-

lowish (bluish) patches that contained neither red nor

green.

In this particular implementation, the colour patches

appear in an ordered fashion as shown in Fig. 1(a). With

a subset of participants (30 observers), we performed the

same experiment using a random arrangement of colours

within the annulus to make sure that the orderly arrange-

ment of the colours does not introduce any bias in the

selection (e.g., the automatic assumption that the final

unique hue setting cannot be the near either end of the

sequence). The mean hue angles derived from the random

arrangement did not differ from the angles derived from

the orderly arranged colours, but the variability of the hue

settings was higher in the random arrangement. Observers

perceived the task for the random arrangement as more

difficult and took more time to respond. Therefore, we

decided to use the ordered annulus for the experiment

described here.

In addition, the subjects were allowed to skip over a

particular hue judgment (by pressing a button labeled

‘NONE OF THESE’) if they do not consider that any of

the colours displayed are representative of a true unique

FIG. 1. (a) Viewing patterns used in the experiment. (b)
The 360 colours selected to investigate unique hue data in
the CIELUV space, u* versus v*.
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hue. Previously, we have experimented with different

ways of obtaining the unique hue settings,15 such as going

from a coarse scale (an annulus that covers a wide hue

range) to a ‘zoomed-in’ version of the annulus (that cov-

ers a smaller hue range derived from the previous

response). In our experience, the particular range of hues

presented in the annulus on a particular trial did not

induce a significant bias in the final unique hue settings.

Test Colour Samples

The test colour patches were equally spaced in terms of

CIELUV hue angles [Fig. 1(b)].14 The range of hue angles

used in the main experiment was based on the results

obtained in previous experiments.15 To test hue uniformity,

we assessed all four unique hues at different lightness and

chroma levels. The nine particular chroma and lightness

levels were chosen for each unique hue in CIELUV uni-

form colour space to maximize the available gamut as listed

in Table I. For each level, pilot studies ensured that the

chosen hue differences between patches were small enough

to determine the intra- and inter-observer variability. In

total, 360 test colours (4 unique hues 3 9 combinations of

different chroma–lightness levels 3 10 colour patches per

test) were selected, which are all inside of the CRT colour

gamut. They are transformed to CIE XYZ tristimulus values

and relative RGB luminance for the CRT.

Subjects

One hundred eighty-five paid subjects (82 males and

103 females; mean age: 32 years; age range: 18–75 years)

participated in the experiment. Except for the authors, all

subjects were naı̈ve in regard to the aim of the experi-

ment. The experiments were approved by the Ethics Com-

mittee of the School of Psychology, University of Liver-

pool. All observers had normal or corrected-to-normal

acuity and normal colour vision (assessed with the Cam-

bridge Colour Test17).

Experimental Procedures

The data reported here are part of a more extensive se-

ries of experiments including the effect of ambient illumi-

nation on unique hue settings. In this article, we report

the experimental procedures and data obtained under dark

viewing conditions. Observers were seated in a dark,

sound-attenuated room; the only source of light in the

room was the CRT monitor used to display the stimuli.

At the beginning of the experiment, observers adapted to

the grey CRT background for 5 min. Ten colour patches

[as in Fig. 1(a)] were shown on the CRT until the ob-

server responded (hue selection task; see above).

Responses were collected using a button box (CT6, Cam-

bridge Research System). Once the button was pressed,

the next trial started automatically. Each observer made

36 different hue judgments (4 unique hues 3 9 different

lightness–chroma levels), and the set of 36 judgments was

repeated three times in a single session. Each session

lasted �20 min.

RESULTS AND DISCUSSION

After each experiment, the colour patches selected as

unique hues, were re-displayed on the CRT and measured

with a Photo Research PR-650 tele-spectroradiometer,

under identical illumination conditions. Note that the TSR

was placed in the same position of observer when they

conducted visual assessment. Subsequently, each observ-

er’s selected unique hue stimulus was recorded in

CIE XYZ tristimulus values under the unit of cd/m2 based

on a 28 standard observer. Based on these measurements,

observer variability was calculated in terms CIEDE2000

colour difference units.18 To relate unique hue data to

colour appearance models, their colour appearance attrib-

utes were calculated by using CIECAM02.

Observer Variability

In the course of this experiment, 19,980 unique hue set-

tings were obtained (185 subjects 3 9 lightness–chroma

levels 3 4 unique hues 3 3 repetitions). We first evaluate

how reliable the settings are by calculating the inter- and

the intra-observer variability. Inter-observer variability

indicates the extent to which individual observers agree

with the average observer, whereas intra-observer variabili-

ty indicates how consistent the individual observer is across

different trials. The CIEDE2000 colour difference formula

was used to calculate the mean colour difference to the

mean value,19 for both inter- and intra-observer variability

for each of the four unique hues. The mean value for inter-

observer variability is calculated by averaging results of the

185 observers; the mean value used to calculate intra-ob-

server variability is the average across the three repetitions

for each individual observer. The inter- and intra-observer

variability results are listed in Table II. Note that although

the observer variability is expressed in CIEDE2000 (DE00)

colour difference units, it should be really interpreted as a

pure hue difference (DH) as the lightness and chroma pa-

rameters of all colour patches displayed on the screen for

any particular unique hue judgement are always the same in

CIELUV colour space.

TABLE I. Lightness and chroma of testing samples
for each unique hue.

Red Yellow Green Blue

L* Cuv L* Cuv L* Cuv L* Cuv

1 32 37 32 20 32 18 32 24
2 32 65 32 30 32 25 32 29
3 50 37 50 30 50 18 50 24
4 50 67 50 40 50 30 50 45
5 50 95 50 60 50 45 50 50
6 50 115 76 40 76 18 63 60
7 63 67 76 60 76 30 76 24
8 63 95 76 80 76 45 76 45
9 76 37 76 100 76 67 76 60
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Table II shows that the largest inter-observer variability

occurs for red (2.30 DE00), whereas the maximum intra-

observer variability is 1.07 DE00. This variability is in

line with our previously reported results15 but lower than

estimates reported by other groups (for a review see

Ref. 12). In our dataset, the intra-observer variability is

roughly 50% of the inter-observer variability, which is

higher than that reported for the unique hue data of Hinks

et al.,12 in which the percentage of intra- to inter-observer

variability is about 15%. Using the CIEDE2000 as a dis-

tance metric, we find the lowest observer variability for

UG; for the other three unique hues, the observer variabil-

ity is similar. In terms of wavelength, it is known that the

largest spread occurs for UG, ranging from about 487 to

567 (Kuehni’s dataset11), that is, a range of about 60 nm;

the wavelength range for UY is rather small, about

20 nm, and the wavelength range for UB is larger than

for UY, about 40 nm. It is not meaningful to compare

directly the wavelength range with the variability based

on the CIEDE2000 distance metric (see also Ref. 15). As

we are interested in the variability of unique hue settings

in relation to perceived colour differences, we chose units

that are approximately perceptually uniform.

To provide a baseline for unique hue predictions in the

CIECAM02 colour space, the inter-observer variability is

also calculated by using the CIECAM02 colour difference

formula as described in Eq. (1).

DECAM02 ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
J1 � J2ð Þ2þ ac1 � ac2ð Þ2þ bc1 � bc2ð Þ2

q
(1)

The inter-observer variability in DECAM02 units is 4.73,

2.61, 2.55 and 2.74 for UR, UY, UG and UB, respec-

tively. These values will be used in the next section to

evaluate the performance of the unique hue predictions

assuming the CIECAM02 model.

Unique Hue Data

In the following analysis, we first averaged over the

three repetitions for each of the 36 hue judgments for

each observer; then the grand mean over all 185 subjects

was calculated, obtaining a single set of 36 judgments for

the entire sample. These data will be referred to as the

unique hue data in the following analysis.

Unique Hues in the CIECAM02 Colour

Appearance Model

The loci of the unique hues constitute a good test for

colour appearance models as they provide a direct esti-

mate of the perceived hue. Colour appearance models are

important for colour management to ensure good colour

reproduction across different media. Hue uniformity,

that is, the extent to which perceived hue is independ-

ent of lightness and chroma, is an important feature of

colour appearance models due to its importance in

colour image reproduction and enhancement. Typical

gamut mapping algorithms20 tend to preserve the per-

ceptual attribute of hue while altering chroma and light-

ness if necessary. In the next sections, we will use the

experimentally obtained unique hue data to examine the

uniformity of hue representation in the CIECAM02

colour appearance model.

To identify unique hues in CIECAM02, the unique hue

data are transformed to the three CIECAM02 colour

appearance attributes, lightness (J), chroma (C) and hue

angle (h). The input parameters used for CIECAM02 are

listed in Table III. They reflect the viewing conditions

during the experiment. Lw refers to the absolute lumi-

nance of the reference white in cd/m2, whereas Yb is the

relative luminance of the background. The ‘‘Dim’’ sur-

rounding setting is defined to be used for conditions simi-

lar to ‘‘viewing television,’’ which match the conditions

of our experiment (dark room, with the only source of

light being the CRT monitor).

Loci of Unique Hues in CIECAM02. First, we plot the

loci of the unique hues in the CIECAM02 acbc chromatic

diagram [Fig. 2(a)]. Each point in the diagram represents

the grand mean obtained for a particular unique hue

judgment (under specific lightness and chroma settings)

across all 185 subjects and three repetitions per observer,

calculated as explained before. As each hue was assessed

at nine lightness–chroma levels, each unique hue line is

defined by the best-fit line of nine points by using Eq.

(2); the best-fit line was derived by a linear least-squares

fitting [dashed line in Fig. 2(a)]. The coefficients K and C
for each unique hue line are listed in Table IV. The scat-

ter (S) for each unique hue line is defined as the average

distance between the line and the individual data points

as defined in Eq. (3) and indicates the goodness of the

model fitting.

bc ¼ Kac þ C (2)

S ¼
X9

i¼1

Kaci � bci þ Cj j
9

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
K2 þ 1

p (3)

While comparing scatters with the inter-observer vari-

ability expressed in DECAM02 [see Eq. (1)] for each

unique hue, it can be seen that the fitting performance is

much better than the error due to inter-observer variability,

TABLE III. Viewing parameters of CIECAM02 for
unique hue prediction.

Parameters Xw Yw Zw Lw Yb Surrounding

CIECAM02 98.0 100.0 139.7 114.6 20 Dim

TABLE II. Observer variability.

CIEDE2000 UR UY UG UB Mean

Inter-observer 2.30 1.92 1.17 1.97 1.84
Intra-observer 0.97 1.07 0.66 1.06 0.94
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which indicates each unique hue lines fit the data well. The

largest scatter is obtained for UY (1.3); this scatter does not

reflect inter-observer variability (as the grand mean over all

observers was used to fit the line) but reflects the lack of

hue uniformity. If UY settings were independent of chroma

and lightness, all UY settings would lie on a single line

(see discussion below). Furthermore, the four unique hue

lines do not converge to the same neutral point, which is

mainly due to the yellow settings.

Since Hunt and Pointer’s colour appearance model,21

four pre-defined system unique hues derived from the

Natural Color System (NCS) are used to provide predic-

tions for unique hues as well as for intermediate hues.

The unique hue angles derived from the NCS system are

20.1, 90.0, 164.3 and 237.5 for UR, UY, UG and UB,

respectively, and are shown as white lines in the CIE-

CAM02 acbc chromatic diagram in Fig. 2(b). The compar-

ison of unique hue data obtained in our experiments

[replotted as solid black lines in Fig. 2(b)] with the NCS-

derived unique hue lines [white lines in Fig. 2(b)] reveals

a clear discrepancy, and we conclude that the current use

of the NCS-derived hue angles in the CIECAM02 appear-

ance model is not a good representation of these perceptu-

ally salient hue mechanisms. Therefore, either the NCS

hue angles or the transformation mapping CIE XYZ val-

ues into a uniform colour space (CIECAM02 model) need

to be modified to represent accurately the colour appear-

ance data (unique hues).

Hue Uniformity. Hue uniformity represents the extent to

which perceived hue is independent from the other two per-

ceptual attributes, lightness and chroma. As we obtained

unique hue data at nine different lightness–chroma levels,

we can test whether the hue data depend on the levels of

these two other attributes. First, the mean hue value over all

nine lightness and chroma settings and the associated stand-

ard deviation for each of the four unique hues is calculated

(Table V) in terms of hue angle in CIECAM02. If hue was

uniform across different settings, then all the obtained hue

angles should almost be identical for all chroma–lightness

levels, and hence resulting in small standard deviations. Ta-

ble V shows that UR yields the smallest standard deviation,

whereas UY yields the largest one. Even in the best case,

the standard deviation calculated indicates nonuniform hue

behavior across different lightness and chroma settings.

If hue uniformity holds, then the hue angle should be

the same for the nine different lightness–chroma levels,

and hence all data point should lie on a single line

through the origin.

FIG. 2. (a) Unique hues in the chromatic diagram for CIECAM02. (b) Unique hue lines and NCS hue lines in CIECAM02.

TABLE IV. Coefficients and scatters for unique hue
lines in CIECAM02.

CIECAM02 UR UG UY UB

K 0.33 20.47 26.35 1.05
C 23.05 24.89 41.18 28.60
S 0.37 0.81 1.28 0.79

TABLE V. Unique hues in CIECAM02.

Hue (CIECAM02) UR UY UG UB

Grand mean 14.19 83.64 164.56 235.41
Standard deviation 1.89 6.63 4.53 2.70
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To investigate how unique hues are affected by light-

ness and chroma in CIECAM02, we calculate the

observed hue shifts as a function of changes in chroma

(Table AI) with a fixed lightness and as a function of

changes in lightness (Table AII) with a fixed chroma. To

that end, we first divided stimuli into three lightness cate-

gories (low, medium and high lightness; Table AI) and

into three different chroma categories (low, medium,

high; Table AII). We then calculated the hue difference

as a function of chroma changes for the three different

FIG. 3. Hue angles as a function of chroma (a–d) and lightness (e–h).
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lightness ranges (Table AI, columns 7–9). Similarly, Ta-

ble AII (columns 6–7) shows the calculated hue differen-

ces as function of a change in lightness for the three dif-

ferent chroma levels. For each unique hue (UR, UG, UY,

UB), we performed a one-way ANOVA to test whether

hue angles are different for the nine lightness–chroma lev-

els. For all four unique hues, the ANOVA revealed signif-

icant differences in hue angle (P \ 0.05). Then, we used

posthoc comparisons (P\ 0.05) to test which lightness or

chroma changes lead to violations of hue uniformity. The

significant hue changes are specified by a ‘*’ sign in

Tables AI and AII. In summary, chroma changes induce

changes in hue angles for all four colours (Table AI); a

change in lightness leads to significant hue changes for

all hues except red (Table AII).

To visualize the effects of chroma and lightness on

hue, hue angles are plotted as a function of chroma for

different lightness levels [Figs. 3(a)–3(d), left panel]

and as a function of lightness for different chroma lev-

els [Figs. 3(e)–3(h); right panel]. Perfect hue invariance

predicts that all lines should be horizontal, and the

lines associated with different parameters (lightness or

chroma levels) should lie on top of each other; if there

is an interaction between lightness and chroma in the

way they affect hue, the lines should cross over, or at

least, not be parallel. In Figs. 3(a)–3(d), hue angles for

three different lightness levels are plotted (white solid

line: higher lightness level; dashed line: medium light-

ness level; black solid line: lower lightness level) as a

function of chroma. For UR [Fig. 3(a)], hue angles are

increasing with chroma, and these effects are significant

at the lower lightness level (cf. Table AI). A similar

hue change is seen for UY [Fig. 3(b); Table AI]; hue

uniformity is violated at all lightness levels. For UG

[Fig. 3(c)], an increase in chroma leads to a decrease

in hue angle, which is significant at both higher light-

ness levels (Table AI). The hue angle for UB [Fig.

3(d)] also changes with an increase in chroma, and

these effects are significant at several lightness levels

(Table AI). Similar hue changes are observed when the

hue angles are plotted as a function of lightness [Figs.

3(e)–3(h)] at different chroma levels. White solid lines

represent colours with a high chroma level; dashed

lines represent colours with a medium chroma level and

black solid lines represent colours with a lower chroma

level. It can be seen that significant violations of hue

uniformity are found for all hues (Table AII), except

for UR which seems to be invariant under changes in

lightness.

CONCLUSIONS

Unique hue judgments from a large set of colour-nor-

mal observers (n ¼ 185) were obtained under dark

viewing conditions using a CRT display. We used these

data to test the validity of a commonly used colour

appearance model, CIECAM02. We first plotted the loci

of our unique hue data in the CIECAM02 chromaticity

diagram and compared the unique-hue lines derived from

our dataset with the built-in NCS hues. We find a large

discrepancy between these two sets of hue lines; we

argue that our unique hue lines provide a more reliable

representation of the perceptually salient and unique hue

mechanisms than the built-in NCS hue lines. We then

evaluated hue uniformity for CIECAM02 by comparing

hue angles at different lightness and chroma levels. Over-

all, we find significant deviations for all hues with the

exception of UR, which is invariant under changes in

lightness. We conclude that the CIECAM02 model needs

to be modified to reflect accurately the hue data of col-

our-normal observers.
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APPENDIX

TABLE AI. Specification of chroma in different lightness ranges in CIECAM02 and the corresponding
observed hue shift.

Col. 1 Col. 2 Col. 3 Col. 4 Dh1,2 Dh2,3 Dh3,4

UR
Low lightness C ¼ 35.6 C ¼ 58.5 23.3*
Medium lightness C ¼ 27.5 C ¼ 48.0 C ¼ 66.6 C ¼ 80.6 22.6* 21.4 0.8
High lightness C ¼ 43.5 C ¼ 60.0 21.4

UY
Low lightness C ¼ 12.8 C ¼ 21.2 26.0*
Medium lightness C ¼ 15.7 C ¼ 22.5 C ¼ 39.3 20.8 23.8*
High lightness C ¼ 17.1 C ¼ 28.1 C ¼ 41.3 C ¼ 58.9 21.0 22.4* 22.2

UG
Low lightness C ¼ 19.7 C ¼ 27.2 3.0
Medium lightness C ¼ 18.9 C ¼ 28.7 C ¼ 40.9 6.1* 3.0
High lightness C ¼ 17.3 C ¼ 25.9 C ¼ 36.1 C ¼ 50.9 6.6* 4.1* 2.7

UB
Low lightness C ¼ 31.0 C ¼ 37.1 2.6*
Medium lightness C ¼ 27.4 C ¼ 44.4 C ¼ 55.6 3.3* 1.1
High lightness C ¼ 26.0 C ¼ 40.4 C ¼ 50.5 0.7 1.9*
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TABLE AII. Specification of lightness in different
chroma ranges in CIECAM02 and the corresponding
observed hue shift.

Col. 1 Col. 2 Col. 3 Dh1,2 Dh2,3

UR
Low chroma J ¼ 29.1 J ¼ 42.8 J ¼ 65.2 20.2 1.2
Medium chroma J ¼ 43.4 J ¼ 54.4 0.5
High chroma J ¼ 29.6 J ¼ 43.9 J ¼ 55.0 20.9 0.6

UY
Low chroma J ¼ 28.6 J ¼ 42.3 J ¼ 64.6 213.4* 22.0
Medium chroma J ¼ 28.7 J ¼ 42.4 J ¼ 64.8 28.2* 22.1
High chroma J ¼ 42.5 J ¼ 64.9 20.7

UG
Low chroma J ¼ 28.2 J ¼ 41.8 J ¼ 63.9 24.2* 24.9*
Medium chroma J ¼ 28.1 J ¼ 41.6 J ¼ 63.6 21.2 24.4*
High chroma J ¼ 41.3 J ¼ 63.4 23.3

UB
Low chroma J ¼ 27.9 J ¼ 41.6 J ¼ 63.7 3.6* 0.9
Medium chroma J ¼ 27.8 J ¼ 41.0 J ¼ 63.2 4.3* 21.7
High chroma J ¼ 40.6 J ¼ 62.7 21.0

Publications Briefly Mentioned
CIE 195:2011 Specification of Color Appearance for

Reflective Media and Self-Luminous Display Com-

parisons. Vienna: CIE Central Bureau, 2011. ISBN

978 3 901906 93 0, 46 pp. EUR 66,- (Members of the
National Committees of the CIE get 66,7% discount)

available on CD-ROM from CIE/USA, c/o TLA, 7
Pond Street, Salem, MA 01970 or downloadable via

the website of the CIE Central Bureau (www.cie.co.at).

This technical report summarizes the body of work

conducted by CIE TC 1-27 ‘‘Specification of Color

Appearance for Reflective Media and Self-Luminous

Display Comparisons’’ from 1990 until 2001. After

compiling data from researchers around the world and

studying various forms of color appearance models to pre-

dict results from hardcopy/softcopy matching experiments

under a variety of viewing conditions, it was discovered

that the same color appearance model would not consis-

tently or adequately predict the visual results. In 2001, all

CIE TC1-27 results were passed along to CIE TC 8-01,

Color Appearance Modeling for Color Management Sys-

tems. This Division 8 technical committee formulated an

effective color appearance model by combining the best

features of the color appearance models that were studied

by CIE TC1-27. The result was the development of the

CIECAM02 color appearance model.

CIE 196:2011 CIE Guide To Increasing Accessibility

in Light and Lighting. Vienna: CIE Central Bureau,
2011.ISBN 978 3 901906 94 7 EUR 219, 63 pp. (Members
of the National Committees of the CIE get 66,7% dis-
count) available on CD-ROM from CIE/USA, c/o TLA, 7
Pond Street, Salem, MA 01970 or downloadable via the
website of the CIE Central Bureau (www.cie.co.at).

This guide was written for lighting designers and engi-
neers, as well as scientists of light, color, and vision to
assist them in taking account of the needs of older persons
and persons with disabilities. The guide was developed in
accordance with ISO/IEC Guide 71:2001 ‘‘Guidelines for
standard developers to address the needs of older persons
and persons with disabilities’’ and its technical guidelines
ISO/TR 22411:2008 ‘‘Ergonomics data and guidelines for
the application of ISO/IEC Guide 71 to products and serv-
ices to address the needs of older persons and persons with
disabilities’’ to implement accessible design in the field of
light and lighting. Some content has been shared with those
two documents. The guide was prepared by an ad hoc
working group in the CIE Board of Administration in coop-
eration with TC 1-54 ‘‘Age-related change of visual
response’’ and TC 3-44 ‘‘Lighting for the elderly.’’
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