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Abstract

From a new viewpoint, primary consideration related to
chromatic adaptation is performed. In the long history of
study on chromatic adaptation, almost all models have been
constructed based on psychometric testing. In this paper, the
hypothetical principle of chromatic adaptation is defined as
the minimization of the state of the metameric black
component of an image, which enhances the efficiency of
visual perception. There have been no discussions related to
chromatic adaptation from the viewpoint of metameric black
control.

1. Introduction

Chromatic adaptation is the most important characteristic
among the characteristics related to human vision. Since von
Kris developed a chromatic adaptation model, many
researchers have conducted research on chromatic
adaptation; various models based on results of psychometric
testing have been constructed.' In this study, referencing the
previous studies, the principle of processing of visual
information is investigated, and the hypothetical principle of
chromatic adaptation is as follows: the chromatically adapted
state is the minimized state of the metameric black
component, i.e., the ineffective component of an obtained
image, and the minimized state has the effect of enhancing
the efficiency of perception.

Chromatic adaptation has been considered as an
adaptation to white point, but there exists a contradiction
here. Namely, even if the obtained image does not include
white points, chromatic adaptation occurs. In other words, it
is considered that adaptation to white points is not the basic
mechanism of chromatic adaptation, and that chromatic
adaptation is carried out on the basis of some rational
controls. The maximum color separation (MCS) model® was
published on the basis of this viewpoint. This model was
developed on the basis of a mathematical characteristic in
which the centroid of the color gamut corresponds to an ideal
white point when the color gamut is maximized by adjusting
the sensitivity of three color channels. This model explains
the phenomenon of chromatic adaptation occurring even
when the obtained image does not include white points,
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using the framework of three stimulus values. MCS is based
on a concept of maximizing the processing efficiency of
visual information, which corresponds to the maximization
of the color gamut, i.e., the maximization of color separation.
There is a similarity between the concept explained above
and the idea discussed in this paper, i.e., the minimization of
information loss in the spectral region.

In this paper, the discussions will be extended to
spectral region, which will be recognized indirectly in our
visual system. Although the number of color channels is
three, it is meaningful to consider information loss during the
propagation of spectral information in our visual system.
There have been no discussions related to chromatic
adaptation from the viewpoint of the control of the
metameric black component.

2. Metameric Black

Spectral power distributions s, (1) are considered to be
metameric black, when the corresponding three stimulus
values satisfy the following relation.

X =%s,,(A4)x(1)A1=0,

Y =3%s,(4)(4)a1=0, (1)

z=%s,,(4)z(4)A1=0.

MB
i=1

where
i :index of discrete sampling wavelength,
%(4,).7(4,).2(4,) :color-matching functions,
n : number of samples.

3. Principle Hypothesis

In this paper, I propose the hypothetical principle with which
chromatic adaptation minimizes the state of the metameric
black component, i.e., the ineffective component of an
obtained image, and has the effect of enhancing the
efficiency of perception. Here, minimization of the state of
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the metameric black component corresponds to minimization
in the framework of the R-matrix developed by Cohen.’

4. Minimized State of Metameric Black
Component and Chromatic Adaptation

According to Cohen’s R-matrix, the spectrum, G , is
separated into fundamental and metameric black
components. In this arithmetic logic, the state of the
metameric black component is nonexplicitly minimized in
terms of the minimization of the square value explained
below. It is known that the metameric black component is
expressed in the form of G(4)-{kx(4)+k 5(4)+kz(1)} for
each wavelength, 4 , according to Cohen’s R-matrix. By
arithmetic logic, Eq. (2) is minimized so that the distance
between a point in the space containing the metameric black
component and another point in the fundamental space,
which is expressed by linear coupling of the color-matching
function, is minimized.

. 2 @
= ; {S MB (/7'1 )}

The local minimum providing the minimum SS value is
determined using,

S RG)=0,

AN n _

—=—Z2S¢13(/L)y(ﬂ,)=0 > (3)
ok =

TS E)=0.

According to Eq. (3), k., k, and k. which correspond to
the minimum SS values, are obtained using simultaneous
equations.

In the framework explained above, as a result of
chromatic adaptation performed to minimize the state of the
metameric black component, G is considered to be
equivalently changed into G'. G’ is a function that depends
on the color-matching function or other parameters, and
contains linear and nonlinear frameworks.
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where

a,.a,.0,,0,;0,: parameters related to chromatic adaptation,
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uo, =k,
uea =k ,
ue =k,

G’ : spectrum obtained equivalently as a result of chromatic
adaptation.

k.k, and k, are obtained when

(1.6 )5 (2 ) 74 ) e z(4 )t )

is given. Sinceu, , u ,and u_ can be set independent of ¢,
a,, and ¢, which are related to chromatic adaptation, once
G’ is determined, k, =au, , k =au,, and k. =au, can be

obtained as a function of ¢’ alone.

X

5. Discussion

Discussion 1: Squared Summation

The squared sum of the state of the metameric black
components has meaning associated with energy, whose
validity becomes an issue. Assuming that the framework of
Cohen’s R-matrix is valid, the minimized local minimum of
the square sum is considered to be valid.

Discussion 2: Calculation of Metameric Black
Component

The metameric black components after chromatic
adaptation are expressed by G/(4)-{kx(4)+k 3(4)+kz(2)} .
G’ is a function of X, y and z, and when G’ is determined,
the state of the metameric black component should be
determined as a function of ¢’ alone. Assuming that &, ,
k,and k_ are dependent on « , a, and «_, metameric black
components should be determined depending on X , y and
Z , after the determination of G’ ; this contradicts the fact
that the metameric black component is determined as a
function of G” alone. As explained above, &, , k, and &, are
determined independent of a,, a, and a . This concept does
not include any contradiction, indicating the validity of the
calculation of the metameric black component.

Discussion 3: Discussion on Preliminary Experiment and
Results

It is considered that chromatic adaptation is achieved by
the adjustment of the sensitivities of the three color matching
functions. As a result of such adjustment, the spectrum, G,
is equivalently deformed and G° is obtained. This
deformation is expressed using a function including linear
and nonlinear frameworks. The entity of the function will be
discussed in a future article. In this paper, as a preliminary
experiment, a numerical experiment is carried out to examine
the conditions of G’ (equivalently obtained as a result of
chromatic adaptation), under which the state of metameric
black components is minimized. First, to simplify the
discussion, the case in which light from a light source is
completely reflected is considered. As G’ after chromatic
adaptation, ten kinds of spectra, having the chromatic
coordinates shown in Table 1 were used in the experiment.
In the table, state values of the metameric black components
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minimized at each ¢’ (normalized using Y value) are also
shown.

As Table 1 indicates, G’ corresponding to minimization
has chromatic coordinates in the vicinity of D65 . The results
of chromatic adaptation correspond to whitening of the light
source. In other words, minimization of the state of the
metameric black component, i.e., the ineffective component,
leads to normalization or whitening of the light source. If the
nature of chromatic adaptation is considered to be the
normalization of the light source as a result of optimizing the
processing of information related to human vision, i.e.,
minimizing ineffective information, rather than the
adaptation to white point, the validity of our viewpoint is
demonstrated.

Table 1. Squared Sum of Metameric Black (MB)
Components

(X,y) MB (X,y) MB
(0.477,0.427)  0.231 (0.418,0.411)  0.126
(0.358,0.343) 0.090 (0326, 0.340)  0.045
(0.346, 0.352)  0.062 (0.393,0.398)  0.096
(0.366, 0.361)  0.085 (0.316,0.334)  0.038
(0.347,0.351)  0.063 (0.317,0.320)  0.046
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6. Conclusion

In this paper, from the viewpoint of examining the principle
of the processing of visual information, a hypothetical
principle of chromatic adaptation was defined as follows: the
chromatically adapted state is the minimized state of the
metameric black component, i.e., the ineffective component,
of an obtained image, and has the effect of enhancing the
efficiency of perception. By examining the minimization of
the state of metameric black components, I obtained
preliminary results that the minimization of the state of
metameric black components corresponds to normalization,
i.e., whitening of the spectrum of a light source. The validity
of this viewpoint is demonstrated by considering that a light
source is normalized as a result of optimizing the processing
of wvisual information, ie., minimizing ineffective
information.

In this article of the preliminary experiment, the case in
which light from a light source is completely reflected was
considered. The discussion on the spectral reflectance of a
real object under general conditions will be reported in
another article.

References

Wyszecki G. and Stiles W. S. Color Science. John-Wiley and
Sons 2" edition 1982.

2. Ohta and N. Matsushiro, Chromatic adaptation model based
on theory of maximum color separation, The Institute of
Image Electronics Engineers of Japan, 198" Workshop
(2002).

3. J.B Cohen, Visual Color and Color Mixture. Univ. of Illinois

Press Urbana and Chicago ; p.55 (2001).



	31884
	31885
	31886
	31887
	31888
	31889
	31890
	31891
	31892
	31893
	31894
	31895
	31896
	31897
	31898
	31899
	31900
	31901
	31902
	31903
	31904
	31905
	31906
	31907
	31908
	31909
	31910
	31911
	31912
	31913
	31914
	31915
	31916
	31917
	31918
	31919
	31920
	31921
	31922
	31923
	31924
	31925
	31926
	31927
	31928
	31929
	31930
	31931
	31932
	31933
	31934
	31935
	31936
	31937
	31938
	31939
	31940
	31941
	31942
	31943
	31944
	31945
	31946
	31947
	31948
	31949
	31950
	31951
	31952
	31953
	31954
	31955
	31956
	31957
	31958
	31959
	31960
	31961
	31962
	31963
	31964
	31965
	31966
	31967
	31968
	31969
	31970
	31971
	31972
	31973
	31974
	31975
	31976
	31977
	31978
	31979
	31980
	31981
	31982
	31983
	31984
	31985
	31986
	31987
	31988
	31989
	31990
	31991
	31992
	31993
	31994
	31995
	31996
	31997
	31998
	31999
	32000
	32001
	32002
	32003
	32004
	32005
	32006
	32007
	32008
	32009
	32010
	32011
	32012
	32013
	32014
	32015
	32016
	32017
	32018
	32019
	32020
	32021
	32022
	32023
	32024
	32025
	32026
	32027
	32028
	32029
	32030
	32031
	32032
	32033
	32034
	32035
	32036
	32037
	32038
	32039
	32040
	32041
	32042
	32043
	32044
	32045
	32046
	32047
	32048
	32049
	32050
	32051
	32052
	32053
	32054
	32055
	32056
	32057
	32058
	32059
	32060
	32061
	32062
	32063
	32064
	32065
	32066
	32067
	32068
	32069
	32070
	32071
	32072
	32073
	32074
	32075
	32076
	32077
	32078
	32079
	32080
	32081
	32082
	32083
	32084
	32085
	32086
	32087
	32088
	32089
	32090
	32091
	32092
	32093
	32094
	32095
	32096
	32097
	32098
	32099
	32100
	32101
	32102
	32103
	32104
	32105
	32106
	32107
	32108
	32109



