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Absfract

We present data to show that the conventional
white point normalization used to wansform an image
representation from CIE XYZE tristimulus coordinates 1o
CIE Luv or CIE Lab coordinates fails to incorporate the
effect of observer adaptation on color appearance. Two
image regions that have the same L a’v" or L'2"p"
coordinate values, when seen in differsnt viewing con-
texts, can have quite different color appearances.

Infroduchion

One method of representing color image informa-
tien 1% o transform the physical representation of an
unage into a perceplual representation.  ldeally, this
transformation would satisfy two imponant properies.
First, it would allow us to predict the color appearance
of an image region directly from the perceptual coordi-
nates of that region. Second, it would allow us 1o
evaluate the similarity of the color of two image regions
directly from the distance between their perceptual
coordinates.

When the viewing context iz held fixed, the
transtformation from a physical deseription w CIE XYZ
tristimulus  coordinates  satisfies the first  property.
Indeed, the CIE XYZ tristimulus representation has
been used successfully as a perceptual image represen-
tation in color reproduction applications. 'When the ori-
ginal and reproduced images have the same size and arc
viewed under similar conditions, location-by-lecation
matching of the image CIE XYZ coordinates leads 1w
high-fdelity color reproduction {see e.g. Schreiber,
1986). On the other hand, the fact that two image
regions have the same XYZ tristimulus coordinates
does not imply that they have the same color appear-
ance when seen in dilferent contexts,

It is well known that the CIE XYZ wistimulus
representation does not allow easy evalvation of the
magnitude of color differences (MacAdam, 1942;
Erown and MacAdam, 1949 Wyszecki and Fielder,
1971). The CIE Luv and Lab uwniform color spaces
were designed designed o overcome this drawback of
the XYZ tristimulus representation (CIE, 1976; Roben-
son, 1977) and have schieved widespread acceplance as
methods for deriving a similarity metrie from the XYZ
tristimulus representation. For any fixed viewing con-
text, the three Luv or Lab coordinate values (L°u"v" for
Luv, L"a"p" for Lab) of an image location are com-
puted from the XYZ tristimulus coordinates, Because

IS5N00RT 0066 I TAO000-FIS-51.00 + 00 & 1997 510

T s T e —. o s e v = T L 2

the visual system adjusts its sensitivity to the ambient
viewing conditions, part of the computation involves a
while point normalization. The normalization was
designed to incorporate these changes in sensitivity, so
that the magnitude of differences in Luv or Lab coordi-
nates could predict color differences under a variety of
viewing conditions.

A number of authors have sugpested that the white
point normalization implies that we can use the CIE
uniform color spaces spaces in a way that goes beyond
their original intent as uniform color spaces. For exam-
ple, Lindbloom (1989) has suppested that the three-
dimensional representation provided by CLE Luv may
serve a5 A color appearance representation. The sugges-
tion is that the white point normalization incorporates
the effect of viewing comext on celor appearance, so
that the L°u'v" coordinate values directly predict the
color appearance of an image reglon. If comrect, use of
i would allow us to design color image reproduction
techmigues without the restriction that the original and
repraduced images be seen under identical conditions.

As part of a series of experiments on color appear-
ance, we have compared the color appearance of stimuli
presented in different contexts, Our data permit us 10
test the hypothesis that the C1E Luv or Lab ransforma-
lions yield a color appearance representation. In this
paper, we compare our cross-context malching daa
with prediclions generated by the assumption that two
lights with identical L u ™" or L"a" 8" coordinate values
will have the same color.

Experimental Procedures

Each experimental session began by training a sub-
ject to remember the color appearance of a srandard
abject. The standard object, which we simulated on a
monior, was a rendering of a simolated Azt matte sur-
face seen under uniform illuminaticn. The standard
object was presented as one of a collection of flat matte
surfaces, all illuminated by a common standard
tluminant.

Our experimental measurements consist of coloe
matches that subjects set to the remembered color
sppearance of the standard object. Subjects used a bul-
ton box to control the light emitted from a test ehject
presénted on the monitor. In a control condition, sub-
Jects sel maiches when the test object was seen under
the standard iluminant. Thess measurements
confirmed that subjects could set veridical memory
matches. In our experimental conditions, we changed
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the simulated illuminant. The change in simulaied
illumination ok place slowly over several minutes so
that the visual system had plenty of time to adapt. Sub-
jects then adjusted the light emined from the test object
1o se1 a memory maich., When the simulated illuminant
was changed, the CIE XYZ tristimulus values of sub-
jects” matches were substantially different from the
standard object wristimulus values. This is not surpris-
ing. given that we manipulated the vigwing context
Since the subjects” memory standard remained fixed
throughout a session, the difference in istimulus
values is a measure of the effect of viewing context on
color appearance. Cur experimental method and basic
resulls are deseribed in detail elsewhere (Brainard,
1989; Brainard and Wandell, 19980: Braisard and Wan-
ahell, 19833,

We can evaluate whether the white point normali-
zation in the Luv or Lab wransformations predict the
effect by comparing the Luv or Lab coordinates of the
standard object with the comesponding coordinates of
subjects” maiches. To make the comparison, we pro-
ceeded in three steps. First, we computed the Luv or
Lalr ccordinates of the standard object under the stan-
dard illuminent, using the tristimulus coordinates of the
simulated  standard illuminant as the white point.
Second, we computed the Luv or Lab coordinates of the
malches set by subjects in the test illuminant condition.
For these compulations, we used the ristimulus coordi-
nates of the test illuminant as the white point. Third, to
evaluate the magnitude of the difference between the
actual malch and the predicted match, we computed the
Euclidean distunce, A B, between (he two sets of Luy
or Lab coordinutes. If CIE Luv or CIE Lab serve as
predictors of color appearance. these 4 £° values should
be small.

Both CIE Luv and CIE Lab represeniations make
rather unsatisfactory predictions. To illustrate the mag-
nitude of the prediction error, Figure | shows the cumu-
lative distribution af the CIE Luv and Lab a £7 predic-
ton errors for our dita se. The median prediction error
quite large in both coses; approximately 20 A £7 units
for CIE Luv and 12 A E7 units for CIE Lab.

Discussion

Although CIE Luv and CIE Lab transfomations
are useful for creating wseful similarity metrics for
color represenlations, they both contain subsiantial
maccuracies when we use them to represent color
appearance. Lights with common CIE Lab or CIE Luv
coordinates but presented in different viewing contexts
do not match in color appearance. The errors are rather
large, suggesting that neither can serve as a standard for
representing ¢olor appearance.

Currently 2 number of rather complex models of
calor appearance are under study (Hunt & Pointer,
1985; Mayatani, Takahama, & Sobagaki, 1986). These
riveelesls attermpt 1o explain much more than color match-
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Figure 1: Prediction errors, The graph shows, for each A E”
values on the honzontal anig, the cumulalive pn:[umim of pred-
iction errors for our duta sel thar were less (hat the crilerion
value. The squares show the cumulative propomions for the Luy
prediclions. The crasses show the cumulalive proporions for e
Lab predictions. To find the medion A £ prediction error, we
start on the vertical axis at the 0.3 walue on the vertical axis and
rrace left o one of the curves, We then race down to the hor-
szontal axis to find the median value. The median Luv predicticn
ermor is 205 AE" unils, while the median Lab prediction emor is
ISAE ugnis For claniy n[t:k- ihe Luv plof it tuncated o
proportion 090, The Luv A £ datum for proportion 1.0 is 26,0,

ing across contexts. In addition, these models anempt
Lo derive symbalic representations of color appearance.

There is a contradiction, however, between (he
complexity of the color appearance models and simple
regulanities observed in ¢ross-context color matching
cxperiments. Beginning in the 1950°s. cross-context
malching experiments, using fairly simple stimuli have
been consistent with a model in which the CIE XYZ
tristimulus coordinates of matching lights are related by
an affine transformation {e.g. Burnham, Evuns, &
Mewhall, 1957, Hurvich and Jameson, 1972; Shevell,
[978). Our own work (Brainord, [989: Brainard and
Wandell, 1990; Brainard and Wandell, 1991) suggesis
that these regularities can be gencralized 0 muere com-
plex laboratory viewing comexts. Since w0 make high-
fidelity image reproductions requires knowledge only of
when image regions will appear the same, we suggest
that there is no need 10 solve the complete problem of
predicting color names before we can design and imple-
ment successful calor reproduction procedures,
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