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II 

This Technical Report has been prepared by CIE Technical Committee 1-07 o f  
Division 1 Vision & Colour and has been approved by the Council of the 
Commission Internationale de 1'Eclairage for study and application. The 
document reports on current knowledge and experience within the specific field 
o f  light and lighting described, and is intended to be used by the CIE member- 
ship and other interested parties. It should be noted, however, that the 
status o f  this document is advisory and not mandatory. The latest C I E  
proceedings or Journal should be consulted regarding possible subsequent 
amendments. 

Ce rapport technique a é té  préparé par le Comité Technique CIE 1-07 de la 
Division 1 Vision et Couleur et a été approuvé par le Conseil de la Commission 
Internationale de 1 'Eclairage, Le document traite 
des connaissances courantes et de 1 I expéri ence dans 1 e domai ne spécifique 
indiqué de la lumiére et de l'éclairage, et i l  est établi pour l'usage des 
membres de la CIE et autres groupements intéressés. I1 faut cependant noter 
que ce document est indicatif et non obligatoire. Pour connaitre d'éventuels 
amendements, consulter les plus récents comptes rendus ou le Journal de la 
CIE. 

pour étude et application. 

Di eser Techni sche Bericht i st vom CIE-Techni schen Komi tee 1-07 der Di vi si on 1 
Sehen und Farbe ausgearbeitet und vom Rat der Commission Internationale de 
1'Eclairage gebilligt worden. Das Dokument berichtet über den derzeitigen 
Stand von Wissen und Erfahrung i n  dem behandelten Gebiet von Licht und 
Beleuchtung; es ist zur Verwendung durch CIE-Mitglieder und durch andere 
Interessierte bestimmt. Es sollte jedoch beachtet werden, daß das Dokument 
eine Empfehlung und keine Vorschrift i s t .  Die neuesten CIE- Tagungsberichte 
oder das neueste CIE-Journal sollten im Hinblick auf mögliche spätere 
Anderungen zu Rate gezogen werden. 

Any mention o f  organisations or products does not imply endorsement by 
the CIE. Whilst every care has been taken in the compilation o f  any 
lists, up to the time o f  going to press, these may not be comprehensive. 

Toute mention d'organisme ou de produit n'implique pas une préférence de 
la CIE. Malgré le soin apporté à la compilation de tous les documents 
jusqu'à la mise sous presse, ce travail ne saurait être exhaustif. 

Die Erwähnung von Organisationen oder Erzeugnissen bedeutet keine 
Billigung durch die CIE. Obgleich große Sorgfalt bei der Erstellung von 
Verzeichnissen bis zum Zeitpunkt der Drucklegung angewendet wurde, ist 
es möglich, daß diese nicht vollständig sind. 

Q CIE1989 
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Special Metamerism Index: Change in Observer 

Summary 

This report provides a method fo r  evaluating the degree o f  color mismatch for 
a metameric color pair (object color or illuminant color) when an actual 
observer with normal color vision is substituted for the standard colorimetric 
observer. 

The method evaluates both the average values of, the color 
mi smatch. 

and the range of, 

Indice Special de Metamerisme: Changement de l'observateur 

Résumé 

Ce rapport fournit une méthode pour évalurr 1 'écart de couleur d'une paire de 
coul eurs métamères (coul eur d' un ob jet ou d '  un i 1 1  urni nant 1 , 1 orsqu' un obser- 
vateur réel, ayant une vision normale des couleurs, est substitué à l'observa- 
teur de référence colorimètrique. 

La méthode permet d'évaluer, la valeur moyenne de l'écart de cou- 
leur et l'étendue de c e l u i - c i .  

à la fois, 

Spezieller Metamerie Index: Unterschiede im Beobachter 

Zusammenfassung 

Dieser Bericht behandelt ein Verfahren zur Bestimmung des Maßes der Farb- 
fehl abstimmung bei einem bedingt-gleichen Farbenpaar (Körperfarbe oder Farbe 
einer Lichtquelle) , wenn ein tatsächlicher Beobachter m i t  normalem Farbseh- 
vermögen statt des farbrneßtechnischen Normalbeobachters eingesetzt wird. 

Mit dem beschriebenen Verfahren läßt sich sowohl der Durchschnittswert als 
auch der Gesamtumfang der Farbanpassung bestimmen. 
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Preface 

Two specimens having identical tristimulus values, for a given illuminant and 

reference observer, are metameric if their spectral radiance factors differ from 

each other within the visible spectral range. This metameric color match is 

broken down either b y  a change of the reference illuminant or the observer. 

The degree of color mismatch caused b y  substituting a test illurninant of differ- 

ent relative spectral composi tion for the reference illuminant is classified a s  

the Special Metamerism Index : Change in Illuminant (illuminant metamerism). '. ' 
The method of evaluating illuminant metamerism has already .been formulated: the 

purpose of this report is to formulate a method of evaluating the degree of color 

mismatch for metameric color pairs (object colors or  illuminant colors) caused by 

substituting a test observer with normal color vision for the reference observer 

(CIE Standard Colorimetric Observer). This is classified as the Special Metam- 

erism Index : Change in Observer (observer metamerism). 

Color mismatch caused by observer metamerism is inevitable f o r  real observers 

with normal color vision. T h e  evaluation of observer metamerism thus gives a 

sound basis for establishing color difference tolerances for color matching 

using various metameric color pairs. I t  also gives an indication of the degree 

of i 1 luminant metamerism which can be considered al lowable in our everyday 1 ives. 

The methods of evaluating observer metamerism a r e  generally grouped into two 

categories. F o r  a given set of metamers, they are : 

(1) using actual observers with normal color vision to calculate the average of, 

and the range of, the color mismatches between metamers : 

(2) selecting a set of color matching functions representing the individual 

variations among color normal observers, and using them to calculate the 

average of, and the range of, the color mismatches. 

Method 1 is straightforward, and work using this procedure has already been 

reported using the Davidson-Hemmendinger(D-H) color rule. l .  '-' However, for 

actual metameric color pairs other than the D-H color rule, method 1 requires 

subjective evaluation of color mismatches which is difficult and unstable. 
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Method '2 is therefore preferred. Once the suitable color matching functions are 

formulated, the calculation of color mismatches is as simple a s  the calculation 

of tristimulus values. 

I n  the early stages of formulating method 2, the use of 20 sets of color matching 

functions for normal color vision was recommended. '. 5 - 6  However, i t  is rather 

cumbersome to use 20 s e t s  o f  coIor matching functions in evaluating observer me- 

tamerism and efforts were made to reduce the number to only one and propose a 

Standard Deviate Observer " who has color matching functions which differ from 

those of the standard observer b y  amounts equal t o  the standard deviations among 

the 20 se t s  of color matching functions'. ': these will be referred to as the 20 

observers hereafter. The method employed was a statistical analysis of the var- 

iances and covariances of the color matching functions of the 20 observers. 

However. i t  w as found that the Standard Deviate Observer did not give a satis- 

factory prediction of observer metamerism. An aiternative suggestion selected 

the best combination of t w o  observers from among the 20 observers. I .  These two 

observers g i v e  highly correlated results with those obtained by the 20 observers. 

A further proposal was to use a single Standard Deviate Observer by analyzing 

the s a m e  20 observers b u t  by use of a different statistical method known a s  a 

singular value decomposi t ion. T h i s  Standard Deviate Observer gives a good 

prediction of the average value of color differences among the 20 observers. A 

method o f  evaluating the range of color mismatches was also proposed. '. l a  

attempt to confirm these results a different approach using a nonlinear opti- 

mization of the 20 observers and actual metameric samples was performed. '. I '  T h e  

results turned out to be much the s a m e  and the Standard Deviate Observer obtained 

well represented the original 20 observers. 

In an 

I t  w a s  later shown that the age distribution of the 20 observers was rather wide. 

ranging from about 20 to 60 years old and that apparent differences between the 

results obtained b y  method î and 2 are simply because of the difference in 

scaling of color differences. I '  

The same analysis has been carried out for the color matching functions of 53 
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