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The Reports in this publication have been prepared by various CIE Technical Committees and 
Reporters within Division 1 "Vision and Colour". Part of them were published in the "CIE Journal" 
in 1986. The reports draw on current knowledge and experience within the specific field of light 
and lighting described, and are intended to be used by the CIE membership and other interested 
parties. It should be noted, however, that the status of the reports is advisory and not mandatory. 
The latest CIE proceedings, CIE NEWS, future issues in the "CIE Collection" Series or putiiication 
listings should be consulted regarding possible subsequent amendments. 

Les rapports ont été préparés par différents Comités Techniques et Rapporteurs de la CIE dans 
la Division 1 "Vision et couleur". Ils ont été publiés en partie dans le"CIE Journal" en 1986. Les 
rapports traitent des connaissances courantes et de l'expérience dans le domaine spécifique 
indiqué de la lumière et de l'éclairage, et ils ont été établis pour l'usage des membres de la CIE 
et autres groupements intéressés. II faut cependant noter que les rapports sont indicatifs et non 
obligatoires. Pour connaitre d'éventuels amendements, consulter les plus récents comptes 
rendus de la CIE, CIE NEWS, éditions futures de la série "CIE Collection" ou les listes de 
publications de la CIE. 

Die Berichte wurden von verschiedenen Technischen Komitees der CIE in Division 1 "Sehen 
und Farbe" ausgearbeitet. Sie wurden zum Teil im "CIE Journal" im Jahr 1986 veröffentlicht. Die 
Berichte behandeln den derzeitigen Stand des Wissens und Erfahrungen auf dem Gebiet Licht 
und Beleuchtung; sie sind zur Verwendung durch CIE-Mitglieder und durch andere Interessierte 
bestimmt. Es sollte jedoch beachtet werden, daí3 die Berichte Empfehlungen und keine 
Vorschriften sind. Die neuesten CIE-Tagungsbenchte, das CIE NEWS, zukünftige Ausgaben in 
der Serie "CIE Collection" oder die Publikationsliste sollten im Hinblick auf mögliche spätere 
Anderungen zu Rate gezogen werden. 

Any mention of organisations or products does not imply endorsement by the CIE. Whilst every 
care has been taken in the compilation of any lists, up to the time of 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, daí3 diese nicht vollständig sind. 
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Originally published in: CIE-Journal, Vol. 5, No. 2, PP. 41-56. 1986. 

C I E  RESEARCH NOTE 

EVALUATION OF THE ATTRIBUTE O f  APPEARANCE CALLED GLOSS' 

Abstract: 
This technical report discusses current concept 
of gloss as an appearance phenomenon and as a 
measured attribute of materials. First the 
general attributes of appearance are described, 
followed by a description of gloss attributes. 
The interaction of light and materials that is  
responsible for gloss sensations i s  briefly 
covered. Definitions are given terms related to 
gloss perception and to the light-reflection 
properties of materials associated with gloss. 
The general design characteristics of specular 
glossmeters are described and standard procedures 
for gloss measurement are tabulated according to 
gloss-scale geometry and according t o  country o f  
usage. Material standards for specular-gloss 
scale calibration are discussed. 

Evaluat ion  de'ï'attríbut, nomme - ECLAT 

Résumé: 
Le rapport décrit la position actuelle relative 
au problhe du brillant comme phénomene 
d'apparence et come propriété measurable d'un 
matériau. On décrit d'abord les traits généraux 
des phénomenes d'apparence avant de décrire les 
ettributs relatifs au brillant. On expose brieve- 
ment les relations entre le rayonnement lumineux 
et les materiaux, a l'origine des sensations de 
ñrilìant. ûn donne des définitions relatives aux 
termes liés a la perception de brillant et aux 
propriétks de réflexion des matériaux qui sont en 
rapport avec le brillant. Les principes des 
appareils de measure du brillant spéculaire sont 
décrits ainsi que les méthodes normalisées de 
mesure du brillant. Des tableaux présentent les 
diwerences entre les méthodes de measure 
du point de vue de la géométrie, des échelles de 
brillant, des domaines dIemploi et des pays. 
Enfin, on discute ì'empìoi de matériaux de 
réference pour l'étalonnage des échelles de 
brillant spbculaire. 

Auswertung des Erscheinungsmerbde8, das GLANZ 
genannt wird. 

Zusammenfassung: 
Der Bericht diskutiert die derzeitige Kenn- 
zeichnung des Glanzes ala ein Wahrnehungs- 
attribut und als eine messbare Stoffkennzahl. Auf 
die Beschreibung allgemeiner Wahrnehmungsattri- 
bute am Anfang folgt diejenige der Glanzattri- 
bute. Die fur die Glanzempfindung verantwortliche 
Wechselwirkung von Licht und Materie ist kurz 
beschrieben. Die fiir die Beschreibung der 
Glanzenpfindung und der entsprechenden Reflex- 
ionseigenschaften von Materialien erforderlichen 
Begriffe werden definiert. Die allgemeinen 
Konstruùtionsmerkmale von Geräten fUr die Messung 
des gerichteten Glanzes sind beschrieben, und die  
Standardverfahren für Glanzmessungen sind ent- 
sprechend der Geometric der  Glanzskala und des 
Gebrauchslandes klassifiziert. Ausaerdem werden 
Materialstandards fllr die Kalibrierung von Skalen 
für gerichteten Glanz diskutiert. 
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1 INTROOUCTIOW . 

T h i s  document identifies the current under- 
standing of the phenomenon known as gloss and 
describes the current status of i t s  measurement'. 
Further work t o  propose visual scaling exper- 
iments and offer recomnendations for the 
development of psychometric gloss scales and t o  
establ i sh corre1 a t i  on between v i  sua1 evaluations 
and instrumental measurements, i s  currently being 
addressed by CIE TC 2-20. 

1.1 M a t  i s  Appearance? 

Appearance can be defined as  the aspect of visual 
experience by which things are recognized. When 
an observer usees's something, there are many 
sources o f  information from the scene and the 
objects that he sees. Neural responses are 
generated that, after being detected, modified, 
and transmitted by the visual system, are 
processed i n  the occipital cortex o f  the brain. 
With experience, the observer transforms these 
multiple sensations in to  a complex perception. 

To establish order i n  the extremely complex 
appearance situation, we need t o  classify the 
observing condition by which we are seeing 
things. Three general modes of perception are: 
1. The illuminant mode, by which we see an 

identifiable source of l i g h t ,  such as a lamp. 
2. The aperture mode, by which we see simply 

light without any recognition o f  a l i g h t  
source or object. 

3. The object mode, by which we can identify an 
object w i t h i n  a visual f ield and recognize i t s  
illumination by some l i g h t  source. 
In this  discourse, we consider only the object 

mode of appearance. The appearance of an object 
i s  affected by other aspects of the whole per- 
ceptual complex, such as illumination level, 
l i g h t  and color contrast, adaptation, etc. These 
variations i n  observer conditions are not 
considered here. 

Our  perceptions o f  certain features of objects 
allow us t o  characterize them. These perceived 
characteristics are called attributes of 
appearance. 

Appearance involves color, duration, and 
extent. In general, one may say that color 
consists o f  hue, saturation, and lightness. 
Duration consists of fluctuation, flicker, 
sparkle, g l i t t e r ,  scinti l lat ion,  and movement. 
Extent consists o f  size, shape, location, number, 
texture, glare (for luminous objects), trans- 
parency, and gloss (for nonluminous objects). 

Gloss i s  an attr ibute of secondary importance 
w i t h  respect t o  the perception o f  the appearance 
of an object. Normally, motion, size and color 

are the attributes of which, consciously o r  
unconsciously, an observer is  f i r s t  made aware. 
Nevertheless, the gloss of materials i s  an 
important attribute t h a t  quite often identifies a 
major difference between objects. Gloss and color 
are important, not only because they influence 
our judgments of the quality of our environment, 
but  because they are involved .in the selection of 
commercial products i n  which, i n  addition t o  
beauty, quality, and durability, they are many 
times linked to  acceptability. 

In some cases, i t  i s  possible t o  establish an 
objective method to  evaluate the aspect of 
appearance. Th i s  is particularly evident i n  the 
case of color for which, based on t h e  
Young-Helmholtz trivariance theory, t h e  entire 
system of colorimetry (the measurement of color) 
has been developed. The perceptual character- 
i s t i c s  of t h e  human observer t h a t  are involved i n  
color matches are quantified and standardized by 
the CIE Standard Observer for  color that was 
developed i n  1931 and i s  widely used al l  over the 
world. The color-matching functions 51, J ,  F, o f  
the CIE Standard Observer are psychophysical 
quantities. That i s ,  they are a numerical 
expression of a psychological response t o  a 
physical stimulus. They are based on a light-mix- 
i n g  experiment that has proven t o  be 
scientifically sound i n  t h a t  it can be repeated 
by a particular observer and reproduced by 
different observers i n  different 1 aboratories. 

Due t o  the nature of gloss, a corresponding 
type o f  specification has not been quantified or 
standardized. This i s  mainly because gloss i s  
dependent on the spatial (geometric) vari ations 
of the luminous flux from a source o f  limited 
extent, as perceived by the observer after being 
modified by the object and the surrounding 
conditions. The development of a standard 
observer for color was possible because the 
observer's sensitivity t o  an independent vari- 
able, wavelength, can be reproducibly quantifi ed. 
No equivalent psychophysical experiment has been 
devi sed to produce gloss sensations, perhaps be- 
cause of the difficult ies i n  reproducing con- 
trolled spatial variations of luminous flux that 
duplicate normal observing conditions. No 
general ly applicable procedure has been deve1 oped 
for relating visual scaling for perception of 
gloss t o  numerical specifications. However, some 
recent experiments should be noted. 

Fleischer2 devised a gloss apparatus that 
consists of a rotating wheel w i t h  high-gloss and 
low-gloss portions. Their ratio could be changed 
t o  establish visual matches w i t h  a wide variety 
of specimens. Crepluch3 has synthetically gener- 
ated gloss perceptions by lett ing the observers 
look a t  a different object w i t h  each eye. The two 
objects had no specular reflection, and monocular 
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viewing created no gloss sensation. The objects 
were r i n g  systems with d i f f e ren t  luminosity 
d is t r ibut ions.  O'Donnell' has developed a method 
f o r  the multidimensional scaling o f  gloss. A 
series o f  v isual  scaling experiments, using 
anchored-pair comparisons, were made on prepared 
gray, black, and white paint  samples. Several 
multidimensional scaling methods were applied t o  
the resul ts  of the v isual  judgments. Harrison5 
describes e a r l i e r  experiments on binocular gloss 
and luster, together wi th  h i s  and other hypoth- 
eses on t h e i r  causes. 

Gloss perceptions probably tnvol ve the 
binocul ar  V i  sua1 mechanism. This adds .yet  another 
d i f f i c u l t y  i n  the task o f  devising a sui table 
experinient t o  provide corre1 a t i  on between the 
Physics Of l i g h t  d i s t r i b u t i o n  and the resu l t i ng  
gloss sensation. 

1.2 The A t t r i bu te  o f  Appearance Called 61oss 

Gloss i s  a psychophysical phenomenon, as i s  
color. Gloss perceptions are associated with the 
way (wi th respect t o  the geometric spat ia l  
d i s t r i bu t i on )  t h a t  l i g h t  i s  reflected by an 
object, p a r t i c u l a r l y  depending on the w a y  l i g h t  
i s  re f l ec ted  from the surface o f  the object i n  
and near t h e  specular direct ion.  

Gloss and other phenomena, such as haze, 
luster,  and translucency, t h a t  depend on the 
geometric spat ia l  d i s t r i b u t i o n  o f  the l i g h t  
re f lected or transmitted by the object, are 
normal l y  perceived independent o f  co l  or. They may 
a f fec t  o r  be af fected by the perceived color, but 
may be abstracted from a t o t a l  visual experience 
as separate from color. These phenomena are 
numerous and complex, both as forms o f  perception 
and i n  terms of underlying physical phenomena 
correlated w i th  those perceptions. 

I n  addition, the influences of i l luminat ing 
conditions and the background conditions under 
which gloss judgments are made also have a 
s ign i f icant  e f fec t  on the perceptions. Gloss 
perception i s  p a r t i c u l a r l y  dependent on the 
conditions under which the  object i s  i l luminated. 
I n  very general terms, the greater the d i f f us ion  
o f  the incident l i g h t ,  the lower the gloss 
appearance. In  other Words, when the direct ions 
from which l i g h t  f a l l s  on the object are in-  
creased, the  abi 1 i t y  t o  d i f f e ren t i a te  specular 
and d i f f use  ref lectance diminishes. Therefore, 
the observer becomes increasingly unable t o  
evaluate the  glossiness o f  t he  object effec- 
t i v e l y .  The combination o f  a l l  o f  these possible 
va r i  ations makes t o t a l  appearance analysis not 
only very complex but probably not even useful t o  
attempt. In  a given si tuat ion,  however, it has 
been possible t o  i d e n t i f y  a l imi ted number o f  
predominant geometric appearance at t r ibutes,  and 

CIE 11 8-1 995 

these can sometimes be isolated. For example, i n  
automobile finishes, the most s ign i f i can t  a t t r i -  
bute i s  <distinctness-of-image>, whereas i n  
text i les ,  <contrast gloss or  luster> perceptions 
predominate. I n  i n t e r i o r  wall finishes, 
var iat ions i n  <sheen> are considered Undesirable 
i n  the f i  ni shed product appearance. 

When analyzing the bases f o r  gloss 
perceptions, one must consider the ways i n  whSch 
a surface re f l ec ts  l i gh t .  Gloss i s  generally 
associated w i th  specular reflectance a t  the 
surfaces o f  objects. This type o f  re f l ec t i on  may 
vary from one surface t o  another according t o  the 
f r a c t i o n  o f  l i g h t  re f lected i n  a speci f ic  , 

d i rect ion,  the degree t o  which l i g h t  i s  re f lected 
i n  various direct ions re la t i ve  t o  the d i rect ion 
o f  specular re f lect ion,  and the change o f  
r e l a t i v e  reflectance as the specular angle 
va r i  es. 

Hunters indicated the  importance o f  
these variations. H i s  invest igat ions resul ted i n  
a descr ipt ion o f  s i x  d i f f e ren t  types o f  gloss 
which he termed specular gloss, distinctness- 
of-reflected-image gloss, contrast  gloss, ab- 
sence-of-bloom gloss, sheen, and absence-of- 
surface-texture gloss. I n  t h i s  paper he states 
that, whi le some may choose d i f f e ren t  names f o r  
these character is t ics  o f  objects tha t  we may per- 
ceive, each o f  them may be read i l y  and eas i l y  
demonstrated. Each o f  these i s  a d i f f e r e n t  visual 
perception, and each i s  best recognized by using 
d i f f e r e n t  sets o f  i l luminat ing and viewing con- 
d i t ions.  O f  course, i t  i s  log ica l  t o  assume t h a t  
instrumental measurement o f  these perceptions 
w i l l  s im i l a r l y  require d i f f e r e n t  instrument geo- 
metries. It might even be necessary t o  consider 
an op t i ca l  system that duplicates the binocular 
e f f e c t  o f  the human visual  system. 

1.3 Physical Factors t h a t  Contribute t o  Moss 

In 1936, 

Percept i on 

A descr ipt ion o f  the physical factors that  
contr ibute t o  gloss perception i s  he lpfu l  when 
considering d i f f e r e n t  types o f  gloss. 

Nonselfluminous objects may absorb, scatter, 
re f lect ,  refract ,  and/or transmit l i g h t  which i s  
incident upon them. The amount o f  l i g h t  re-  
flected, r e l a t i v e  t o  t ha t  refracted i n t o  the  body 
o f  t he  material, can be calculated by the Fresnel 
law. Me ta l l i c  materials r e f l e c t  and scat ter  most 
of the incident l i g h t  a t  the air/metal interface. 
There i s  l i t t l e  penetration o f  l i g h t  beyond tha t  
surface. Nonmetallic or  d i e l e c t r i c  materials 
generally exh ib i t  much lower surface ref lect ion.  
Therefore, scatter ing and absorption w i t h i n  the 
body o f  a nonmetal importantly a f fec t  i t s  appear- 
ance. In t h i s  report, we concentrate on the gloss 
character ist ics and on the spat ia l  d i s t r i b u t i o n  
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of 1 i g h t  (geometric characteristics) reflected by 
nonmetal 1 i c  objects . 

Light  that i s  not reflected a t  the 
a i rha t e r i a l  interface o f  nonmetals i s  refracted 
and transmitted through the medium. If the 
material contains large numbers of small par- 
t i c l e s  whose index of refraction differs from 
that of the rest  of the medium, some l i g h t  will 
be scattered at  each particle interface i n  the 
forward and backward directions. The rest of  the 
l i gh t  will be transmitted or absorbed. Much of 
the scattered light emerges from the original 
surface or the f a r  surface of the object. If 
there is enough scattering, the light emerging 
from any surface will have nearly uniform 
hemispherical d i s t r ibu t ion .  The distribution of 
l i g h t  in directions other than specular (regular) 
i s  called <diffuse reflection>. 

a . b  C 

Mg.1. Three basic  forms of reflection: 
a l  diffuse;  bl mixed; c )  specular 
(regular).  

When light is not diffused or scattered by the 
surface of an object, the reflectance i s  usually 
called <specular>. Light  transmitted by an 
object mat i s  not scattered i s  called 
<regulars, Light reflected or transmitted by 
objects **usually is neither completely specular 
(or regular) nor completely <diffuse> b u t  i s  
intermediate between these two extremes. That is, 
both specular and diffuse components are present. 
In Figure la,  completely diffuse reflection i s  
i l lustrated (the incident light is reflected in 
equal amounts a t  a l l  possible angles, regardless 
o f  the direction of  incidence). In Figure IC, the 
incident light i s  reflected entirely a t  a single 
angle of reflection corresponding to  the angle of 
incidence. In Figure lb, reflected light i s  
maximum a t  an angle of reflection corresponding 
to  the angle of incidence, b u t  some o f  the light 
i s  reflected throughout al  1 possible angles. The 
situation i l lustrated in Figure lb i s  most 
comnonly encountered in nature. We distinguish 
between "glossy" and "matte" materials primarily 
on the basis of the tendency of reflected light 
toward the extremes shown i n  Figures l a  and IC. 
If reflection i s  principally specular associated 
typical ly w i t h  objects having optically smooth 
surfaces, w e  call these objects "glossy". Trans- 
mission that i s  principally regular i s  associated 
w i t h  relatively homogeneous media which are 
typically called "transparent". 

at 
Fig.2. Phenomena occurring at  an airlobject 

interface. 

With the interaction of light a t  or near the 
aidobject  interface, a number of complex phenom- 
ena take place. Figure 2 i l lust rates ,  generally, 
some of these phenomena. The incident flux ( o i l  
strikes the surface of the object. Some small 
portion of t h a t  incident light i s  reflected a t  an 
angle from the normal equal t o  the angle of 
incidence ( @ , I .  Most o f  the light penetrates the 
medium. Some of it  i s  absorbed (ea); some of i t  
i s  scattered ( o s ) ;  and some of it may find i t s  
way through the medium and be transmitted ( e t ) .  
Some of the incident flux may be reflected froir 
irregularities t h a t  broaden the distribution of 
angles of reflected light (ora) .  Some of the 
incident light, after interaction w i t h  particles 
within the medium, also finds i t s  way back 
through the surface and exhibits a tendency t o  be 
distributed throughout al 1 possible angles l .  
The combination of directional quantities i n d i -  
cated by o ,  and ) , I  is generally related t o  the 
perception of what is called <specular gloss>. 

for  most nonmetallic 
materials, light t h a t  i s  specularly reflected 
( er )  has a spectral composition which does not 
change significantïy from that w h i c h  i s  incident. 
One observes the color of the light source. ühen 
incident light interacts w i t h  the particles 
deeper under the surface, some wavelengths are 
absorbed and others are reflected, changing the 
spectral composition of the light. These phenom- 
ena contribute t o  our perception of color. 

size and frequency of surface 
irregularit ies determine the amount and angular 
distribution o f  4 + .  I t  i s  the ratio between O ,  
and #pl, or,  more explicitly, the rate of change 

I t  should be noted t h a t ,  

The magnitude, 
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of l i g h t  f l u x  w i t h  observation angle, that 
largely determines what is perceived as 
< d i  sti nctness-of -image> gl  OSS. 

In some materials, there exists a layer of 
very small particles quite close t o  the surface. 
I t  i s  believed that t h i s  condition i s  responsible 
for the sensation called <haze>. This film, or 
layer, may be above or below the plane of the 
original surface and appears t o  be caused 
typically by a separation and migration of some 
component of the body medium o r  by a deposition 
on the surface by some atmospheric contaminant. 
Haze often has a bluish cast that  i s  probably due 
t o  the same wavelength-dependent . selective- 
scattering process that  i s  responsible for  the 
b lu ish  appearance of the sky. 

There are several other reflection-associated 
phenomena, such as interference effects that  
although they directly affect appearance, are not 
considered further i n  this report. 

Polarization i s  another physical phenomenon 
which may result when l i g h t  str ikes a nonmetallic 
surface. T h i s  phenomenon i s  not directly 
identified by the human observer, b u t  it may 
influence instrumental measurement. Although an 
in-depth analysis is  not attempted here, i t  is 
useful t o  describe the most relevant aspects of 
polarization as related to  gloss instrument 
performance. 

The waves of unpolarized light vibrate freely 
i n  a l l  directions perpendicular t o  the ray. 
Polarization occurs when this  freedom has been 
limited i n  some manner. The incident and viewing 
beams of nearly a l l  instruments contain elements 
that  polarize the l ight  t o  some degree. In gloss- 
meters, the principal sources o f  polarization are 
the coiled filament lamp and mirrors (if used) 
when l i g h t  strikes the mirror surface obliquely. 
Metallic f irst-surface mirrors produce a low 
level of e l l ipt ical  polarization; however, most 
metallic mirrors are protected by a nonmetallic 
overcoat that  may cause linear polarization. f n  
some cases, the effect  may be additive. Actually, 
the specimen is the major source of polarization, 
since it  is an inherent part of the optical 
system and is, i n  effect ,  a nonmetallic mirror. 
The resulting polarization effect i s  maximum a t  
about 60' incident and viewing angles. A t  angles 
less than or greater than 60°, the degree o f  
polarization is  significantly reduced. The range 
of index of refraction of materials such as 
coatings, plastics, papers, etc. * that  are 
candidates for gloss analysis is rather limited. 
Fortunately, the glass mirror-li ke standards used 
for  calibration have indices of  refraction 
similar to  those of the specimens t o  be measured. 
Therefore, the effect  of polarization i n  typical 
specular glossmeters i s  not normally signifi- 
cant. 

CIE 1 18-1 995 

1 -4 Capabilities of t h e  Human Observer 

When considering any attempt t o  measure physical 
quantities that  may correlate w i t h  perceived 
gloss, it  m u s t  be recognized immediately t h a t ,  
w i t h i n  the confines of  current technology, t h e  
abi 1 i t y  of any instrument to d i  scriminate among 
the various attributes of gToss i s  extremely 
limited when compared t o  the capability of the 
human observer. Scales of  gloss defined by 
geometric conditions that cannot be duplicated, i n  
instruments serve l i t t le purpose. For example, 
the attribute of distinctness-of-reflected-image 
i s  exceedingly d i f f icu l t  to measure photo- 
metrically wi thout  very high resolving power. 
Practical (that is, economically feasible) photo- 
metric reflectance instruments generally are 
limited t o  receptor field angles of about f i f t y  
times as large as the resolution capability of 
the vi  sua1 mechanism. 

Another limitation i n  measuring high-gloss 
materials is that no commercially available 
instrument can completely differentiate between a 
low reading resulting from poor image quality of 
the spechen and a low reading caused by surface 
curvature that has caused a divergence i n  the 
specularly reflected beam. The test sample must 
be very carefully selected or very rigidly 
clamped so that  the surface to  be measured i s  
maintained i n  a f l a t ,  single plane. The human ob- 
server, however, can readily d i s t i n g u i s h  between 
these effects. Specimen nonflatness dis tor ts  but 
does not destroy the visual images reflected i n  
i t s  surface. In addition, t h e  human observer has 
t h e  freedom t o  manipulate the specimen d u r i n g  h i s  
judgment process. He can integrate the effect  of 
these geometric variations dur ing  his appraisal. 
He i s  t h u s  able t o  deal with this  complex situ- 
ation and make intelligent judgements relating to  
differences between the specimens. 

Accordingly, one should not rule out the 
possibil i ty of using a sensing human observer as 
part o f  any measurement system intended t o  pro- 

vide complete quantitative specification o f  
gloss. On the other hand, i t  must be remembered 
that the human observer requires two samples or a 
sample and a target standard i n  juxtaposition i n  
order t o  make valid judgments and just as w i t h  
any perception, there can be large differences 
between observers. 

1.5 Status of  Current Measurement üethoàs 

To date, instrumental measurements designed t o  
corre1 a te  w i t h  perceived gloss attr ibutes have 
been limited t o  simple specular reflectance 
measurements, except i n  restricted s i tua t ions .8  

As previously explained, t h e  complexity o f  the 
factors influencing gloss judgments has so fa r  
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medium- 
gloso 
paints 
Medium- 
glosa 
plastics 

Ccated 
papers. 
inks 
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I 

ash- 
gloss 
p i n t e  

Clear kgh- 
laatic gloss 

Pilm fi lm 
laminates 

cast- 
coated 
papers* 
waxed 
paper 
inks 

Table 1-A. "Specular tàloss Flethods of Industries" 
This table lists specuiar-glossmeter geometries for  specific applications t o  
industrial materials, and t h e  gloss range o f  the particular variety of materials 

t o  which a geometry has been applied. 

t I Axial Angles I 

I 
waxes; 
floor 
finishers 

7S Deg. 68 üeg. 45 beg. 
Specular Specular Specular 

I 

Auto- 
motive 
f in i shes  

Finishes Enamels 

gloss 
tiles 

I I 
l I l 1 i 

mediu* gloas 
gloss materi- 

prevented t h e  establishment of a general stan- 
dardized set of geometrical conditions. There- 
fore, instrumental gloss scales have been empiri- 
cal ly  derived. Typically, a ser ies  of specimens 
representing gloss vari ations pertinent t o  a 
particular f ield of commerce has been assembled. 
These specimens were ranked by individuals 
involved with the specification and control of 
that  type o f  material. An instrument was then 
developed, using incident and viewing angles 
close to those which the observer found t o  be 
best suited for  judging the gloss differences 
represented by the specimens. 

The incident and reflected bean f ie ld  angles 
were empiricaì ly  selected to produce measurements 
t h a t  correlated i n  rank w i t h  the visual judgments 
and that  gave satisfactory numerical separation 
between representative specimens covering the 
applicable gloss range. This explains the selec- 
t i o n  o f  sixty degree axial angles and an inter- 
mediate s ize  receptor window ( f ie ld  angle) for 
intermediate range coating products. Twenty 

I l 
M e t a l  

. Surfaces 

i1 8 I I I 
degree axial angles, w i t h  a very small receptor 
window, were selected f o r  high-gloss automotive 
finishes. Eighty-five degree axial angles, w i t h  
as large a receptor window as was physically 
practical, were chosen f o r  low-gloss building 
inter ior  finishes. The axial and f ie ld  angles 
used in  measurement of  o t h e r  products, such as 
coated and uncoated papers, have been similarly 
developed and are l is ted i n  Tables 1 A  and 16. 
Current gloss test methods and standards are 
described i n  Settion 3. 

1.6 Areas o f  Future Concern 

I t  is apparent, that  mich information on the  
subject of gloss and i t s  measurement is, to say 
the ieast ,  incomplete. Terminology is inconsist- 
ent or  lacking. Very few perceptual scaling 
experiments have been performed, and even these 
have been (for the most part) quite elementary. 
O f  those instruments tha t  have been developed for  
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I b ase ici, Very-high- I gloar 
f iaíahes 

Table 1-6, “Contrast Gloss Methods of Industries” 
Th i s  table  l i s t s  contrast-gloss geometries for  specific applications t o  
industrial materials, and the gloss range of the particular variety of 

materials t o  which the method has been applied. 

I 

ceramici Porcelains Architac- 
tutal t i l e a  
and porcal- 
aia. 

I I l I 
I I 

I 
Faxtile I 
ax and 
inishíng 

rntn I 

I 
Fibers, 
yarna, 
fabrics 

I 
Lutomotive I 

I 

Body coat- 
ings L trim 
materíal. 

E n d s  

Zeaeral Jmr-gloas Lorgloss 
materials naterials 

High-gloss 
metal 

High-gloss 
materials 

measurements relating t o  gloss perceptions, only 
the simplest (specular glossmeters) are i n  
general use. Throughout the world, there appear 
t o  be few agencies equipped t o  provide measure- 
ment or calibration services. One migh t  interpret 
a l l  of this  as an indication that geometric 
attributes of appearance are simply not important 
enough t o  warrant much expenditure o f  time and 
effor t ,  or that  the current elementary means of 
specification and measurement are satisfactory. 
Yet, appearance i s  becoming increasingly import- 
ant i n  comercial specification and control 
applications i n  such diverse fields as coating 
and finishing, plastics production and fabri- 
cation, metals finishing, and paper and paper- 
board production, as well as in the performance 
evaluation o f  cathode-ray tubes and building 
glazing materials and i n  a .myriad of other 
applications that  affect  our  daily lives. In many 
of these applications, there are continuing 
changes and additions i n  production processes by 
which new and novel surf ace-appearance character- 
istics are created. These developments increas- 
ingly emphasize the gloss properties o f  materials 
and the observer’s awareness o f  them. 

There i s  a real and increasing need for  
identifying, specifying, evaluating. and control - 
ing more types of gloss attributes than those 
covered by current procedures. The following is a 
suggested program o f  work that could eventually 
provide improved gloss-measurement procedures. 
- Design and conduct a series o f  visual ‘gloss 

scaling experiments w i t h  samples selected t o  
exemplify a broad range of predominant gloss 
attr ibutes.  The experiments should involve 
ranking or pair-comparison judgments, and 
should include tests to  determine the degree of 
dimensionality o f  gloss perceptions. - Explore the alternatives for  developing the 
test  equipment and experiments that  might lead 
t o  quantification of standardized observing 
conditions for gloss. - Analyze the experimental data by mans of 
multidimensional scaling techniques designed t o  
identify the major axes (classes) of gloss and 
t o  provide psychometric scaling. - Perform goniophotonietric measurements o f  the 
specimens t o  provide the basis  f o r  correlation 
between the light-scattering properties of 
materials and the perceptual gloss scales. 
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Develop instrument opt ica l  geometries and 
transformation equations i n  order t o  produce 
psychometric measurements. 
Study standard test methods for  g loss  wi th  
reference t o  the newly developed data. Prepare 
recommendations f o r  revisions and additions t o  
these t e s t  methods. 
Study the appearance a t t r i bu tes  o f  metals. 
Adopt the t e s t  procedures f o r  nonmetallic 
materials where applicable and devise ad- 
d i  t l onal scal es where needed. 

These tasks are f a i r l y  well ident i f ied.  The 
experimental and analyt ical  t oo l s  f o r  mu l t i -  
dimensional analyses seem t o  be adaptable t o  
gloss scaling. The requirements f o r  better means 
o f  speci f icat ions and communication appear t o  be 
f a i r l y  w e l l  established. A l l  t h a t  remains i s  t o  
carry out the work program w i th in  a reasonable 
time period. 

2 GLossm1"oGY 

2.1 Rationale Behind the Philosophy 

A review o f  the l i t e r a t u r e  concerning gloss and 
an invest igat ion o f  the s tate o f  the a r t  of 
measurements re la t i ng  t o  gloss at t r ibutes d is-  
closes t h a t  the terminology i s  not clear. I n  some 
areas, the terminology does not  even exist. I n  
the following, i t  i s  suggested tha t  the termin- 
ology t h a t  i s  being used properly relates t o  
perceptual quant i t ies*  and i s  not properly used 
when applied t o  the property o f  a surface or  t o  
measurements o f  t h a t  property by means o f  current 
"gl ossmeters". 

The need f o r  a bet ter  glossary related t o  the 
subject o f  gloss becomes qu i te  apparent as we 
attempt t o  design visual  experiments i n  gloss 
scaling. Almost a l l  previous experiments have 
attempted t o  establ ish a re la t ionship between 
visual  judgments of a single set o f  specimens and 
speci f ic  instrumental measurements. Gloss, on the 
other hand, i s  almost ce r ta in l y  multidimensional 
i n  nature and, i f  we are t o  establish gloss 
scales supported by instrumental measurement 
techniques, a series o f  geometries w i l l  probably 
be required. 

Two aspects o f  the gloss-terminology s i t ua t i on  
became apparent t o  the authors. F i rs t ,  since 
gloss perceptions are multidimensional, terms are 
required t o  5dent i fy the various subclasses of 
gloss at t r ibutes.  The classes -identif ied i n  t h i s  
section are based on the 1939 paper by Hunter6 
and subsequent invest igat ions carr ied out i n  the 
United States. Second, i t  i s  important t o  
i d e n t i f y  c l e a r l y  ,the difference between physical, 

perceptual (psychological 1, psychophysical, and 
psychometric terms and concepts. Correspondence 
between Hunter, Christie, and B i  llmeyer has 
resul ted i n  an a r t i c l e  that  attempts t o  c l a r i f y  
these differences. 

The f o l  lowing recommendations on gloss termin- 
ology are structured pr imar i ly  on the conclusions 
reached i n  that  a r t i c l e .  

2.2 General Teras Relating to  Appearence 

Thera are four  classes o f  terms which can be 
applied t o  the phenomena associated wi th  the  
appearance o f  surfaces and objects. The i d e n t i f i -  
cat ion o f  the fo l lowing general terms i s  i n  
essential agreement wi th  tha t  proposed by Hunt i n  
h i s  recmendat ions f o r  terminology related t o  
colour at t r ibutes.  'O 

1. Physical - Ident i fy ing the radiant energy and 
opt ica l  phenomena involved. 

2. Perceptual (Psychological) - Denoting the  
perceptions i n  the mind o f  an observer. These 
are subjective sensations. 

3. Psychophysical - Ident j fy ing,  by means o f  
, some form o f  measurement, t h e  human visual 

responses t o  physical st imul i .  Psychophysics 
i s  the incorporation o f  psychological re- 
sponse aspects o f  the observer i n t o  a measur- 
i ng  system. 

4. Psychonetric - Iden t i f y i ng  psychophysical 
scales i n  which equal scale in terva ls  
corre la te w i th  equal perceived differences. 
I n  t h i s  context, psychometrics i s  a sub- 
category o f  psychophysics i n  which v l sua l l y  
equal scaling in terva ls  are the central  point 
o f  reference. 

The authors recognize the possible confusion 
aris ing from the use of the term "psycho- 
metric" in this limited context. However, i t  is 
fel t  that i t  i s  the most appropriate term 
currently available for identifying scales with 
this particular characteristic. 

2.3 Tenns Relating t o  6loss 

Note tha t  i t  i s  conceivable, indeed probable, 
t h a t  gloss terminology w i l t  have t o  include 
de f i n i t i ons  of (and del imitat ions o r  boundaries 
f o r )  surround conditions, e.g.: s ize o f  the l ight  
source, contrast between the l i g h t  source and the  
extended background, and r e l a t i v e  positions o f  
the l i g h t  source, the surface. and the observer. 

2.3.1 Physical Terms 

The physical phenomena associated w i th  gloss are 
the d i  rect ional  df s t r ?  but ion character ist ics of 
l i g h t  i n  (and adjacent t o )  the d i rect ion of 
specular re f l ec t i on  from a surface. They are 
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associated u i t h  the distinctions (and sometimes 
w i t h  the contrasts) between specular reflection, 
diffuse reflection, and mixed reflection. 
1 .  Specular (Regular) Reflection - Reflection 

without diffusion i n  accordance w i t h  the laws 
of optical reflection, as i n  a mirror. 

2. Diffuse Reflection - Diffusion by reflection 
i n  which, on the macroscopic scale, there i s  
no specular reflection. 

3. Mixed Reflection - Partly specular and partly 
diffuse reflection. 

4. Texture - Macroscopic structure, pattern and 
topography of a surface. 

5. üirectionalfty (Scattering Indfcatrix, Azi- 
muthally Wonisotropic) - Difference i n  pattern 
of near-specular and partly diffuse scattered 
l ight,  dependent upon the azimuth angles of 
the incident and viewing beams. 

2.3.2 Perceptual (Psychological) Teras  

Gloss - The inode o f  appearance by which high- 
1 igh t s  of objects are perceived as superimposed 
on a surface due to the directionally selective 
properties of that surface. 

There are several classes of perceived 
attr ibutes used i n  comparative studies of 
surfaces. They are: 
1. Specular Gloss - Perceived surface brightness 

associated w i t h  the luminous specular 
(regular) reflection from a surface. 
Because the observer has difficulty judging 
brightness i n  an absolute sense, specular 
gloss is usually judged by comparison between 
the brightness of  the surface of interest and 
that o f  a reference surface, present either 
deliberately or fortuitously. Specular gloss 
can thus  be considered the result of an 
interspecimen judgment A small -Brea source of 
l ight against a dark background provides a 
suitable condition . of illumination for 
observation. The angles of incidence and view 
are not cr i t ical .  Any angle within the range 
from 20' t o  over 60° is generally 
satisfactory. 

2. Contrast Gloss (Luster) - Perceived relative 
brightness of br ighter  and less b r i g h t  
adjacent areas of a surface resulting from 
selective reflection i n  dfrections relatively 
f a r  from those of specular reflection. 
Contrast gloss can thus be an intraspecimen 
judgment. I t  i s  normally evident i n  surfaces 
having low specular gloss. Suitable i l lumina t -  
ing and viewing conditions are the same as 
those for  specular gloss. 

3. Reflection Haze - Perceived cloudiness, seen 
as scattered l i g h t  reflected by a surface in 
directions near those o f  specular reflection. 
Reflection haze i s  observed i n  samples w i t h  

CIE 118-1995 

h i g h  specular gloss and, generaily, h i g h  d i s -  
tinctness-oi-image gloss. Haze appears itnmedi - 
ately adjacent t o  the image of a very bright 
source seen against a dark background. Often 
the haze appears b l u i s h  i n  comparison t o  the 
image of the l i g h t  source. A tungsten source, 
either frosted or bare filament, suspended in 
a darkened rom provides satisfactory illwi- 
nation. The observer's eye should focus on the 
specimen surface. 

4. Distinctness-of-Reflected-Image Gloss - The 
sharpness w i t h  which images are perceived 
after reflection from a surface. 
The conditions of illumination require a well 
defined source w i t h  o black background. A 
black-velvet-backed fluorescent lamp w i t h  a 
coarse wire screen, as described by Hunter," 

. provides a suitable luminous source. The 
observer should focus on the iFge  of the 
source. 

5. Sken - Perceived shininess a t  a large angle 
of incidence seen i n  otherwise matte speci- 
mens. 

Other re1 ated attributes are: 
6. PerceSveâ Texture - Macroscopic structure, 

pattern or topography, os observed to  be the 
property o f  a surface. 
Suitable illuminating and viewing conditions 
are generally the same as those for specular 
gloss. The observer will naturally focus on 
the specimen surface. 

7. Perceived Directlonality - The observed change 
of any of t h e  above attributes of a surface 
w i t h  rotation of the surfacedn i t s  own plane. 

2.3.3 Psychophysical Terms 

Following the philosophy that terminology which 
has been developed i n  relation t o  gloss a t t r i -  
butes should be restricted t o  the perception, it 
is  f e l t  tha t  no terminology currently exists that 
can be properly applied t o  the psychophysical 
attributes of gloss. The perceptual terminology 
i s  sometimes incorrectly applied t o  values 
derived from "glossmeters". When identified, 
psychophysical terms w i  11 descri be measurements 
that are modelled t o  incorporate primarily the 
observer's response t o  spatial distribution of 
reflected light. I t  i s  o f  secondary importance 
that t h e  made1 incorporates the observer's 
sensitivity t o  the chromatic characteristics of 
l i g h t  (luminosity function). The model f o r  the 
standard observer of gloss has not been 
deve? oped, 

2.3.4 Psychaaetric Terms 

Gloss Scales - Any o f  a series of mathematical 
relationships that equate same function o f  the 
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goniophotometric curves with perceived d i f f e r -  
ences between surfaces. D i f f e r e n t  scales should 
be developed as various gloss at t r ibutes can be 
isolated and modelled, i .e.: specular-gloss 
scale, distinctness-of-image-gloss scale, re f l ec -  
tion-haze scale, etc. 

3 CURRENT INSTRUMENTAL W R E K i ï í  “E 

3.1 Instruuent Parameters 

Gloss measurement invar i  ably involves an abridged 
evaluation o f  the spat ia l  d i s t r i b u t i o n  o f  the 
l i g h t  re f lected by an object, p r i nc ipa l l y  the 
surface-reflected l i g h t .  Body-reflected (d i f -  
fused) l i g h t  can have an e f f e c t  on glossmeter 
readings, and corrections f o r  i t  can be made. 
However, such corrections are usual ly unnecessary 
because, i n  practice, gloss comparisons o f  sur- 
faces of d i f f e ren t  color (l ightness) are seldom 
made. I n  fact ,  the e f fec t  o f  d i f f use  re f l ec t i on  
on gloss perceptions has not been quantif ied; 
therefore, the proper direction, as well as the 
magnitude, o f  such a correction i s  not current ly  
known. 

Most instruments are designed so tha t  the 
overal l  response funct ion i s  not s ign i f icant ly  
d i f f e ren t  from that  which would be obtained i f  
the incident l i g h t  were CIE Source C (or  D65) and 
the detector had a response dupl icat ing t h a t  o f  
the luminous ef f icacy of the CIE Standard 
Observer. Surf ace-ref 1 ected 1 i ght i s sel dom spec- 
t r a l l y  select ive t o  a s ign i f i can t  degree. 
Therefore, the response funct ion can be somewhat 
d i f ferent  from that described and may have l i t t l e  

Fig.3. Qualita t ive  rela tionship betweeil 
specular ‘gloss scales. 

e f fec t  on gloss values. Some tes t  methods allow 
the use of Source A i n  order t o  improve signal 
ieveis wi th  lower input power t o  the source. 

I n  any measure of  specularly re f lected l i gh t ,  
the a x i a l  angle o f  view i s  equal to the angle of 
incidence. Glossmeter geometries are selected, i n  
part, by t h i s  angle. A small angle from the 
perpendicular t o  the specimen i s  used f o r  high- 
gloss evaluation. A large angle o f  incidence i s  
used f o r  evaluating microscopically rough sur- 
faces to  determine whether a surface tha t  shows 
no gloss a t  near-perpendicular incidence w i l l  
exh ib i t  a marked increase i n  gloss (sheen) a t  a 
near-grazing angle o f  incidence. Intermediate 
angles o f  incidence and view are used for general 
gloss evaiuatl on. 

The angles o f  incidence and view, however, are 
only par t  o f  the necessary geometric speci- 
f i c a t i o n  f o r  reproducible gloss evaluation. The 
source and receptor f i e l d  angles are also even 
more important. 

The terms, “field and aperture stops” and 
“field and aperture anglesfr, are used in this 
document in the same manner in which they 
are traditionally used in the science of 
imaging optics. An aperture stop is  used to 
control the size of the beam or the amount o f  
light projected through the system. A f ie ld  

o.Coilimated Beam 

b. Converging Beam 

Fig.4. Specular glossmeters. 
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stop controls the angular field of view o f  the 
system, principally that of the objective lens.  
I t  i s  recognized that ,  in several important 
gloss test methods such a s  ASTM D523 and IS0 
2813, th is  terminology has not been followed; 
however, the principal author of this document 
feels  that this practice should be changed. 
The source an¿ (more importantly) the 
receptor field angles are so critical in the 
measurement of the spatial  distribution of 
l ight reflected from objects that they should 
be identified b y  the most explicit terms 
a vaila b Ie. Problems invoking reproàu cibi l i ty  
between instruments have, in f a c t ,  been 
caused by  ignoring the importance of those 
dimensions. In the converging-beam optical 
system, the identification of field angles and 
aperture angles is diff icul t .  However, the 
f ie ld  angles, as identified in Figure 6b ,  
perform the same function as those similarly 
identified in the collimated-beam system, in 
Figure 4a. 

As shown i n  fable 2, these angles are measured 
i n  the plane and perpendicular t o  the plane of 
the incident and viewing beams. Accuracy and re- 
produci bi  1 i ty  are primari ly  dependent on the 
angles i n  t h e  plane of the beams and less so for  
the angles perpendicular t o  the beams. For 
high-gloss differenti ation, the receptor field 
angles are specified to  be only slightly larger 
than the source field angles. For general gloss 
evaluation over the entire midrange, the same 
source field angles can be used w i t h  larger 
receptor angles. When evaluating sheen Of low- 
gloss materiais, even larger receptor f ie ld  
angles are appropriate. 

Note that the various geometries were designed 
empirically t o  meet specific needs f o r  evaluation 
of gloss of different materials, and they came 
into existence separately. They were n o t  designed 
t o  provide a unified series of related gloss- 
measurement geometries. Figure 3 i s  constructed 
t o  convey some idea of relative values for four 
common specular glossmeter scales. The curve f o r  
the ASTM D523 60' scale was plotted by using (for 
the abcissal average rank by four observers of 
twenty-four specimens. l2 The ordinate gives the 
60' glossmeter values of those same specimens. 
The curves for  the ASTM 0523 20' and 85' scales 
and for TAPP1 T480 75O scale were determined by 
subsequent measurements of  a completely different 
series o f  specimens on the four types o f  gloss- 
meter. I t  should be noted that each of these 
curves represents the average of a broad range of 
values and should be used for qualitative 
purposes only. Large variations can occur between 
gloss scale values w i t h  differing indices of 
refraction and surface characteristics of the 
specimens. 

CIE 118-1995 

Specular glossmeters are designed and b u i l t  
w i t h  one of two kinds of optical systems 
designated as a collirnated- or converglng-beam; 
see Figure 4, i n  which w 1  i s  the source field 
angle, u p  i s  the source field image angle, 
( 0 1 1  equals o 1  i n  the collimated-beam design, b u t  
does not equal u 1  i n  the converging-beam design), 
o2 is  the receptor field angle, Sl i s  the source 
f ie ld  stop, SI# i s  the source field stop image, 
S 2  i s  the receptor field stop, S3 i s  the source 
aperture stop, i is the incident axial angle, and 
v is the viewing (receptor) axial angle. Note 
t h a t ,  i n  either design, i t  i s  necessary t o  
provide a uniformly illuminated source field stop 
and a detector which is un+formly responsive t o  
all  rays accepted by the receptor field stop. 

Elther design can be used and, if properly 
executed, w i  11 provi de essenti al ly the same 
reading w i t h i n  a reasonable tolerance and 
frequently w i t h i n  the precision w i t h  which t h e  
geometric requirements for elther design are 
reproduced. The col limated-beam design is more 
sophisticated and more expensive, because it 
requires an additional lens. The converging-beam 
design el iniinates the receptor objective lens 
and, i n  so doing, removes the possibility o f  
vignetting or blocking by the lens holder of rays 
which should register. mis des:,!, also has the 
advantage of providing ( w i t h i n  a given overall 
site) a longer optical distance for source and 
receptor field stops. I t  thus  allows higher 
precision i n  setting these angles. A disadvantage 
of the converging-beam design i s  that there i s  a 
larger diversion of reflected rays than w i t h  the 
col1 imated-beam design because of the convergence 
o f  rays i n  the incident beam. In addition, the 
receptor f ie ld  stop views off-axis areas of t h e  
specimen a t  slightly different axial angles. 

3.2 Abbreviated Descriptions of Published Test 
Methods 

Intemati mal 
IS0 2813-1978, "Paints and Varnishes - 
Measurement of Specul ar 61 oss of Nonmetal 1 i c 
Paint Films a t  Z O O ,  60' and S S O . "  Geometries are 
identical w i t h  those o f  ASTM D523 from which they 
were taken. 

Austral i a 
AS 1580 (19741, "Australian Standard Methods o f  
Test for Paints, Varnishes, Lacquers and Related 
Materials, Method 602.2, Specular Gloss" (20°, 
60' and 85' } .  Geometries are identical w i t h  those 
of ASTM 0523 from which they were taken. 
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Gloss T m ,  Specular 
riiQl8. M d  ~ I f i -  
catfan (see Table 4 
for abbrrv ta t lm)  

ShMn a. 
I 3900. Par t  Ds 
IS0 21113 

m DS23 
FTII 141a/6103 

ofn 67510 
mH00 mz.2 (W.) 

Table 2-A, "Specular Gloss Measurewent Procedures' 
This table lists the method, apptications, field angles of source and receptor, primatry standard 
and basic calibration, and glossmeter reading for a perfect white as well as for a perfect- 
mirror. The last two entries are useful for indicating relative characteristics o f  gloss methods, 
the perfect mirror value being an inverse indication for each geometry o f  the relative intensity 
of the reflected beam. multiplied by the cosine of the angle o f  view, 

provide an index of the relative sizes of the receptor field stops. 
The perfect-white values, 

I lpplicatlais 

f l a t  matte paints, 
cwaiflage coatings. 

3pCcolu Clors. 75. Papers Including 
umiitrd. coated, I r u c d  and glasstnc. 

JIS PB142 
JIS 7.8741 

Sueeular 61055. W. 
JIJ U741 

Paints and plastlcs 
h!pk. medlw, lar. 
w lntenmdlate In. t glas. 
I m m455 

mi 141a16101 
mi 40613051 

Pirtttcs. I nou ioI;¿.11 
Jtf 10105 

nm 02457 

PLI-n, n. n a  
I T n  u 4 6  

JIS Ki105 

High-gloss paints. 

Polyethylane and 
other plast ic flln 
change o f  ponelain 
t i n l s h n  after use. 

P l8s t lQ 

miir G I ~ S .  ti+ HI bg~rnr p ~ a s t t c  
t rppl1Incc. 

sad autaaatrve I ftnisha. fie 
JIS 28741 

P 3900. Part I 
IS0 2813 
O11 67530 
HEnloo m 2 . 2  (nus.) 
&SM 0523 
ASIH 02457 
W 141af61M 

Field ØngleS 
( f i r s t  angle w 
0.75 x 3.0 
( i a .  ) 

4 x 3 

2.8 x 5.7 

4 x 3 

0.75 x 3.0 
tux .  ) 

0.75 a 0.75 

0.57 x 5.16 

4 a 3 
Y 

1.4 x 3.0 

0.75 x 0.75 

4 x 3 

0.75 x 3.0 
(-. ) 

0.75 x 0.75 

1 to 2.5 
d l i .  

4 x 3 

Federal Republic of Geraany - DIN 67 530 (1982),"Reflektometer als Hilfsmit- 
tel zur Glanzbeurteilung an ebenen Anstrich- und 
Kunststoffoberfl ächen" ("Reflectometer as a Means 
for Gloss Assessment of Plane Surfaces of Paints 
and Plastics") ( Z O O ,  60°, 85'). Geometries are 
identical with those of ASTM 0523 from which 
they were taken. 

qreer i$$:, 
1.0 x 6.0 

11.5 dlaa. 

11.4 dim. 

4.5 x 12.0 

4.4 ä11.7 

4.4 x 11.7 

0.63 1 1.R 

4.5 x 12 

8.0 x 10.0 

4.4 x 11.7 

1.8 x 3.5 

I 8 x 3.6 

1.8 x 3.6 

5.0 dlm. 

Ilpp+opriate 
value. 

R l a r y  Standard 

6 b l ick  glass 
(6i1.567) = 100 

Bl8ck or c l e w  pz (11-1.567) = 

C black glass 
$1.54) 100 
ülack or c l e w  
glass (n-1.567) - 
100 

6 . perfect 
n f r r o r  - i000. 
o r  black glass 
(1~1.567)  = 100 

6 , *fut 
Iifrror = IWO. 
or black glass 
(n=1.%7) = 100 

Black lass 
("=i.& iw 
Black or c l e w  
i l g s  (n.1.567) = 

O ,  perfect 
dmr = 1000 

Black or c l e w  
glass (ir1.567) 
100 
Black or clear 
glass (1~1.567) = 
100 

O , black glass 
(11.1.567). 1oQ 

G . btick QhsS 
(8.1.561) 100 
G , black gI8sS 
(8.1.54) = IW 

t , black or cleat 
pfass In=1.%7) 9 

- 
Ilportant 

perfect 
ni te 
[dlffuse 
: o r m c t l ~  
factor) 

LO3 

- 
I .o 

I .o 

I.2 
- 

1.1 

.-- 
- 
0.14 

6.1 

5.4 

1.3 

1.3 

--- 
3.8 

- 
I u o S  

Perfect 
n i  rror 

161.5 
- 

- 
378 

385 

lo00 
- 
1000 

1OOO 

- 
1870 

1675 

lo00 

1675 

- 
2032 

NI32 

mu 
2190 

- 
POSO 

- MERKBLATT V/22/72, "Prüfung von Papier , Kart@ 
und Pappe, Messung des Glanzes" ("Method o 
Measurement for Gloss of Paper and Paperboard 
(45', 1972). Contrast glass at 45'. Measurt 
45'/45' gloss; then measure reflectance at 4 5 O / O  
and take ratio. This i s  a proposed, not final 
method. 
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Gloss Type. Specular 
Angle. and Specifi- 
C a t i o n  (see k b l c  4 
for abbreviat 1 ans ) 

Perfect 
White 

Field Angles, Degrees 
(ffrst  angle given i s  
i n  plane o f  neasuremnt) 

Appi i cati ons Source I Receptor 

I Hhfte or colored 
gloss. (* ) x 1M) object. 
&degree contrast 

w í t h  B-spdubr angle 
4S0 or 60. y-near I 
Polarization contrast mi t e  paper. IOU 
gloss, f7.50 gloss. - *A- @ex 
*A* be 
JIS 28741 (obolete) 

I I  
0.0 

normal angle ~ 

JIS 28741 
German MRKBLATT Y/=/? Paper and paperboard. 
&Parameter gloss, Smooth metal or 
(O/+') x 100 nonmetal surfaces 
JIS 28741 (a t  45. or with high gloss. 
600) 
Specular glass, 30" High-gloss image- 
Oistinctnas-of-Image reflecting character- 
gloss, 30. + 0.3 Istics of nondiffuse 
Ihmm ang lë  haze, 32- netal finishes, using 
Uide angle haze, 35' abrldged goniophotom- 
Asn E430 eter or goniophoton- 

eter. 

la-gloss  papers. 
and other materials. 

Contrast Luster Luster of textiles. 

'Oo ( Rd + Rs 1 

Imge Gloss. 13 1/2O. Porcelain-enamel 

IS0 : 

CPPA : 
D I N  : 

JIS : 

ASTM : 

0.5 x 3.5 0.5 x 3.5 
<3 
cl5 

0.44 x 7.0 0.38 x 4.0 6 , perfect 0.0 100.0 
0.44 x 7.0 0.14 x 4.0 &or * 100 

0.44 x 7.0 0.4 x 4.0 

2.8 x 5.7 8.0 x 10.0 Perfect dif- 0.0 100.0 
fuser = 0.0 
Any black ' 

giaS5 - 100 

Observer puallfied by viewing Images 
I 

. Visual observations of 

International Organization for Standardiz- 
ation, Geneva, Switzerland. 
Canadian Pulp and Paper Association. 
German Institute for Standardization, 
Berlin. Federal Republic of Germany. 
Japanese Industrial Standards, Tokyo, 
Japan. 
American Society for Testing and Materials 
1916 Race Street ,  Philadelphia, PA, 19103, 
USA. 

ASTM C540 surfaces. Landol t rinm. 

France 
MFT 30-064 (1974). Identicai t o  IS0 2813-1978. 

reflected bu black glass plate. 

JaPan - JIS P8142-1965 (1971), "Testing Method for 75' 
Specular 61 oss of Paper and Paperboard .I' In 
Japanese. - JIS 28741-1962 (19711, "Methods of Measurement 
for Glossiness" (Oo ,  Zoo, 
Japanese. 

united Kingdon 
BS 3900: (45'). Part D5: 
2873-1978). "Measurement 
Nonmetallic P a i n t  Films a t  

4 5 O ,  60°, 7 5 O ) .  In 

1980 (identical to  IS0 
o f  Specular Gloss o f  
Z O O ,  60°, and 8 5 O . "  

TAPPI: Technical Aseociation of the Pulp and 
Paper Industry, Dunwoody Park, Atlanta, 
GA, 30341, USA. 

PEI: Porcelain Enamel Ins t i tu te ,  1911 N. Ft. 
Myer Drive, Arlington, VA 22209, USA. 

NEMA: National Electrical Manufacturer's 
Association, 2101 L S t r e e t ,  N. W., 
Washington, D. C., 20037, USA. 

FTM: Federal Test Method, General Services 
Administration, Washington, D. C., USA. 

United States of k r i c a  - ANWASTM C346-76, "45' Specular Gloss o f  
Ceramic Materials." Same as  PEI 1-13. Developed 
originally for  porcelain enamels but used now f o r  
other materials. Because porcelain enamels 
frequently have higher refractive indices than 
gl ass, a pol i shed-bl ack-91 ass standard o f  
refractive index 1.540 i s  usually assigned a 
value of 55.9. - ANSUASTM C540-78, "Image Gloss of Porcel aln 
Enamel Surfaces" (13.5'). Visual instrument. 
Observer views reflections of groups of Landolt 
rings (open circles  l ike t h e  l e t te r  Y") of 
different size and orientation to determine 
smallest s i t e  for  which orientation i s  d i s -  
cernable with certainty. 
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- ANSI/ASTM C584-81 (1976), "60' Specular Gloss 
of Glazed Ceramic WhiZewares and Related 
Products." Method prescribes use of 60' angle of 
incidence b u t  does n o t  specify apertures. 
Presumably, they are the same as in 0523. 
- ANSI/ASTM 0523-80, "Specular Gloss" ( Z O O ,  60°, 
85'). Originally developed f o r  paint materials 
and f i r s t  published i n  1939 w i t h  only 60° 
geometry. Now used for gloss evaluation of many 
types of materi al .  The three geometries have been 
incorporated in Australian, German, and IS0 
methods for gloss of pai.nt. 
- ANSI/ASTM 01455-78, "60' Specular Gloss of 
Emulslon Floor Polish." Uses 60' geometry of 
D523. 
- ASTM Dl834-80, "20' Specular Gloss of Waxed 
Paper." Same as TAPPI T653. - ASTM D2457-70 (1 9771, "Specular Gloss of 
Plastic Film" (20° ,  45', 60'). Uses 60' and 20' 
geometries of D523 and 45' geometry of C346 for  
intermediate-, high-, and low-gloss films, resp. 
- ASTM D3134-74, "Recommended Practice for  Selec- 
t ing and Defining Color and Gloss Tolerances of 
Opaque Materials and for Evaluating Conformance." 
Describes procedures for establishing permissible 
tolerances .for color and gloss differences from 
specified st and ards . 
- ASTM 04039-81, "Reflection Haze of High Gloss 
Surfaces." Haze index i s  evaluated as the 
difference between 60" .and 20' specular gloss 
readings. - ASTM E430-78, "Measurement of Gloss of High- 
G1 oss Surfaces by Goniophotometry" (30'). 
Developed originally for metals b u t  applicable t o  
other materials. Provides for measurement o f  
specular reflectance a t  0.3, 2.0 and 5.0 degrees 
from the 30" specular direction. 
- ANSVTAPBI T480 os-78, "Specular Gloss of Paper 
and Paperboard a t  75'. 'I Although i t s  direct  
application i s  t o  coated paper, i t  may also be 
used for uncoated papers. Uses circular receptor 
aperture. 
- TAPPI T653 os-76, "Specular Gloss o f  Waxed 
Paper" (20'). Uses 20' incidence and viewing b u t  
specifies large circular receptor aperture. Gloss 
scale is quite different from 20' geometry of 
ASTM D523 where receptor aperture i s  a small 
rectangle. 

, 

Hethods Published by U. S. Organizations (Dupli- 
cating Those Already Listed) 
- ASTM D1223-67, "Specular Gloss of Paper and 
Paperboard at  75'". Withdrawn i n  1979 i n  favor of 
TAPPI T480 which will now be published i n  the 
"Annual Book o f  ASTH Standards. I' 
- ASTM D147T-69, "Two-Parameter , 60' Specular 
Gloss." Method called for use of standard 60' 
aperture of  0523 and smaller 20' aperture o f  
0523. Method discontinued i n  1977 because of 

difficulty encountered i n  changing apertures and 
reproducibly repositioning them. Replaced by ASTM 
D4039-81. 
- FTMS 1418 (Paint) Method 6101, "Gloss, 60' 
Specular .'I Cancel led February 1, 1979; used ASTM 
D523 60' geometry. 
- FTMS 141B Method 6103, "Gloss, 85' Specular 
(Sheen)." Cancelled February i ,  1979; used ASTM 
D523 85' geometry. - FTMS 1418 Method 6104, "Gloss, 20° Specular." 
Cancelled February 1, 1979; used ASTM 0523 20' 
geometry. - FTMS 406 (Plastics) Method 3051, "Gloss." Uses 
ASTM D523 60' geometry. 
- NEMA LD3-3.13, "Surf ace Fi n i  sh"  ( 60° 1. Based on 
ASTM D523 60° geometry. 
- PEI T-18, "45' Specular Gloss of Porcelain 
Surfaces." Same as ASTIVI C346. 
- PEI T-20, "Image Gloss of Porcelain Surfaces." 
Same as ASTM C540. 

3.3 Instrument Standards 

In addition t o  a nonreflecting device for 
establishing the zero end o f  the scale, two types 
of gloss standards are required. Firs t ,  a, 
polished glass (ideally black) high-gloss Stan- 
dard is required t o  calibrate or standardize the 
upper end o f  the scale of any specular gloss- 
meter. Black glass is used because the l ight  rays 
refracted into the material are absorbed. 
Polished clear glass is generally unsatisfactory 
because of reflection from the second surface. 
However, there have been proposals t o  use a 
transparent quartz material i n  which the second 
surface i s  ground t o  an angle relative t o  the 
f i r s t  surface. The angle chosen i s  one that  Will 
direct  the image from the second surface t o  miss 
the receptor window o f  the instrument." Polished 
black glass standards are usually supplied w i t h  
every glossmeter. They are also used as primary 
cal i bration standards in standardizing labora- 
tor ies  by measuring the refractive index of the 
glass. The fraction of incident l i g h t  reflected 
i n  the specular direction for  the particular 
geometry used i s  computed by the Fresnel 
equations for oblique reflectance. 

The black-glass standard must be cleaned when 
used for  cal i brat i on. A strong 1 aboratory 
glassware detergent should be used. Fine optical 
polishing compounds can also be used t o  assure 
that  no detergent-resi stant films have accumu- 
l a t e d  on the surface. However, it must be noted 
that  same degree o f  antireflection surface 
accumulates on a polished black glass, start ing 
almost immediately af ter  polishing." This  action 
eventually ceases and the reflecting character- 
istics stabil ize af ter  some time period. I t  i s  
cherefore advantageous t o  use standards which 
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have been calibrated severa? months a f t e r  
pol i shing. 

The second type o f  gloss standard, which 
should b e  supplied w i t h  every instrument, i s  ë 
semigloss specimen whose intermediate gloss-scale 
reading will verify that Lhe components of the 
optical system, particularly the source and 
receptor f i e l d  stops, are properly adjustad. A 
minimum of one such standard a t  midscale should 

. be used. Additional standards can be used t o  
verify instrument accuracy i n  a range of values 
close t o  those for which accurate gloss measure- 
ment of specimens is desired. Intermediate stan- 
dards of high permanence and durability have been 
made of glazed ceramic t i l e ,  porcelain-enamelled 
s teel ,  and acid-etched black glass. Ground or 
sand-blasted glass, which has not been etched, 
has a surface-reflected l ight distribution which 
is  not useful for checking geometric adjustments. 

Intermediate-gl oss standards should not be 
used for  the routine calibration (standard- 
ization) of glossmeters, because the reflection 
character of such standards i s  subject t o  change 
w i t h  heavy usage. A pol i shed-gl ass standard 
should always be used for  this  purpose. Inter- 
mediate-gloss standards would be useful for 
scale-range calibration only i f  the geometric 
d i s t r i  bution of surface-reflected l i g h t  were the 
same as that reflected from the type o f  specimen 
being measured. Usually, t h i s  i s  not the case. l n  
addition, it i s  quite d i f f icu l t  tci  clean the sur- 
face o f  an intermedi ate-gloss standard properly; 
and it  is almost impossible, by visual detection, 
t o  determine whether or  not i t  has been properly 
cleaned. I t  i s  recommended that intermediate- 
gloss standards be stored carefully and used only 
fo r  instrument performance testing so t h a t  
frequent cleaning is not necessary. 

.. 
4. CALIBRATION AGENCIES 

This section contains a compilation of agencies 
and Cali bration services throughout the world. 
They have been ,separated into l is t ings of 
n a t i o n a l  and of commercial agencies. I t  must be 
noted that the instrument standards issued by the 
private o r  commercial agencies are not necess- 
ari l y  directly traceable t o  central -agency master 
cal i b r a t i  ons . 
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Calibration Services offered: 20°, 45', 60' 
and 75' specular gloss. 
Instruments/Equipment used: Commercial, modi- 
f ied goniophotometer. 
Test Methods: DIN 67530, ASTM D523, TAPPI 
T480, IS0 2813. 

AUSTRALIA 
CSIRO Nati onal Measurement Laboratory 

Test Methods: Method No. 602.2. 

National f Public Agencies 
National Research Counci 1 of Canada" 

Calibration Services Offered: 60°, 20'. 
Xnstruments/Equipment Used: Speci al i nstru- 
ment. 
Test Methods: IS0 2813, ASTM D523. 

FEDERAL REPUBLIC W*GERIWFY 

Nati onal /Pub1 ic Aqencies 
Bundesanstalt fur Materialprüfung (BAM) 

Test Methods: IS0 2813, DIN 67530. 
Physi ka1 isch-Techni sche Bundesanstalt (PTB) 

Test Methods: 'DIN 67530. 
Private/Coamerci al Agencies 
Byk-Mall inckrodt, Chemische Produkte GmbH 

Instruments/Equïpment Used: 'Multi-Gloss ." 
Test Methods: DIN 67530, ASTfl D523. 

JAPAN 

Private/Canaerci al Agencies 
Murakami Color Research Laboratory 

Instruments/Equi pment Used: Digital Glossmeter 
GM-26D. 
Test Methods: ASTM D523, ASTM C346 and TAPPI 
T480. 

Instruments/Equìpment Used: 
Suga Test Instruments Co., Ltd. 

4GV-4D Variable Gloss meter - Incidence angle 20'-85'. 
- Viewing angle 0'-85'. 
- Angular setting occurrence O. 1 O .  

- Area measured 45 mn diameter. 
Test Hethods: IS0 2813, JIS K7105. 

Hipon Denshoku Ind., Co., Ltd. 

UNITED KINGDOM 
Nati onal /Pub1 i c Agencies 
Insti tuto Nacional De Tecnologia industrial 
(INTI 1 

Nat i ona 1 /Pub 1 i c Agertt i  es 
National Physical Laboratory 
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STDmCIE 118-ENGL 1995 W 

CIE 118-1995 

WITED STATES 

Nati onal /Pub1 i c Agencies 
Naîi onal Bureau o f  Standards' ' 

Cal ibrat ion Services Offered: 20°, 60°, 85' 
specular gloss. 
Instruments/Equipment Used: NBS-Gaertner 
Gonio- photometer. 
Test Methods: ASTM D523. 

Ri vate/Comerci al Agencies 
Gardner-Neotec Instrument Division, Pacific 
S c i e n t i f i c  Company 

Cal ibrat ion Services Offered, Test Methods: 
20' Specular Gloss - IS0 2813, ANSI/ASTM D523, 

20° Specular Gloss - ASTM 01834, D2895, TAPPI 
DIN 67530. 

T663, T682. 
30' D / I  Gloss - ASTM E430. 
45' Specular Gloss - ASTM C436, PEI T-13. 
60' Specular Gloss - IS0 2813, ANSI/ASTM D523, 

ASTM C584, D1455, D3052, DIN 
67530. 

75' Specular Gloss - ASTM D1223, TAPPI T480. 
85' Specular Gloss - IS0 2813, ANSI/ASTM D523, 

DIN 67530. 
Instrument/Equi pment Used: Gardner Laboratory 
reference instruments. 

Hunter Associates Laboratory, Inc. 
Cal ibrat ion Services Offered, Test Methods: 

20' Specular Gloss - IS0 2813, ANSI /ASM 0523, 

20' Specular Gloss - ASTM D1834, TAPPI T663, 

30' D / I  Gloss .. ASTM E430. 
45' Specular Gloss - ASTH C436, PEI  T-13. 
60' Specular Gloss - IS0 2813, . ANWASTM D523, 

ASTM C584, 01455, D3052, DIN 
67530. 

75' Specular Gloss - ASTM D1223, TAPPI T480. 
85' Specular Gloss - IS0 2813, A N W A S T M  D523, 

Note: Except f o r  75' Specular Gloss, these 
instrument standards are based on a 
physical standard wi th  8 specular gloss 
value determined a t  the NBS. 

Instruments/Equi pment Used: Reference inst ru-  
ments developed by Hunter Associates Labora- 
tory,  Inc. 

DIN. 67530. 

T682. 

DIN 67530. 

5. 

1. 
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I EFERïKES 

A port ion o f  the material presented i n  the 
'Introduction" section o f  t h i s  report  has 
been extracted from a report  by C. J. 
Bart1 eson, e n t i t l e d  "G1 oss Measurements", 
transmitted i n  1974 t o  W. Budde, Chairman of 
TC 2.3 Gloss Subcommittee a t  that  time. 

2.  

3. 

4. 

5. 

6. 

. 7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

Fleischer, J .  , "Investigations o f  the Appear- 
ance o f  Gloss by the Reflection of Light", 
Dissertation 083 o f  Technischer UniverSitat, 
Berlin, 1969. 
Czepluch, W., "Relationship Between Binocular 
Observations and V i  sua1 Gloss Perceptions", 
Lichttechnik 28, 16-18 (1976). 
O'Donnell, F.X.C. and Billmeyer, F.W. Jr., 
"Psychometric Scaling o f  GIoss", presented a t  
an ASTM S,ymposium on Review and Evaluation of 
Appearance: Methods and Techniques, Montreal, 
May 23, 1984, and i n  press i n  the Symposium 
Proceedings . 
Harrison, V.G.W., "Def in i t ion and Measurement 
o f  Gloss", P r in t i ng  and A l l i e d  Trades 
Research Association (U. Heffer and Sons, 
Ltd., Cambridge, England, December 1945). 
References re la ted t o  binocular gloss are: 
Dove, H.W., 1851, 1857 and 1861; Brewster, 
D., 1852, 1855; Oppel, J.J., 1853 and 1854; 
Kiesow, F., 1922; Rude, O.N., 1861; Bixby, 
F.L. 1928. 
Hunter, R.S., "Methods o f  Determining Gloss", 
Am. Soc .Test .Mater. Proc. 30 (Part I I 1, 738-806 
(1936). 
Budde, W., "Polar izat ion Effects on Gloss 
Measurements', Appl .Opt. 18, 2252-2257 
( 1979). 
Chr ist ie,  Jr., J.S., "Review o f  Geomeîric A t -  
t r i bu tes  o f  Appearance", Coatings Technol . 
51, No.653, 64-73 (1979). 
Hunter, R. S., Billmeyer, Jr., F. W., and 
Christ ie,  Jr., J .  S., "Differences k tween 
Physical, Psychophysical, Psychometric, and 
Perceptual Quantit ies", HunterLab Reflections 
and Transmissions, No.34, November 1980. 
Hunt , R. W. G., "Col our Termi no1 ogy" , Col or  
Res. Appl. 3, 79-87, 1978. 
Hunter, R. S., "Appearance At t r ibutes of 
Meta l l ic  SurfacesH, Spec.Tech.Pub1. 478, 
American Society f o r  Testing and Materials, 
Philadelphia, 1970; see also, Proposed Test 
Method, "Visual Evaluation o f  Gloss", ASTM 
Subcornittee D1.26.11, American Society for  
Testing and Materials, Philadelphia, 1985. 
Hunter, R. S. and Judd, D. B., "Development 
o f  a Method o f  Classi fy ing Paints According 

Budde, W., "The Cal ibrat ion o f  Gloss Refer- 
ence Standards", Metrologia, 16, 89-93 
(1980). 
Budde, W . ,  and b d d ,  C. Y., ' S tab i l i t y  Prob- 
lems i n  Gloss Measurements", Coatings 
Technol. 52, No.665, 44-47 (1980). 
Hsia, J. J., "Optical Radiation Measurements: 
The NBS 20', 60' and 85' Specular Gloss 
Scales", National Bureau o f  Standards 
Technical Note 594-10, National Bureau of 
Standards, Washington, D.C. 1975. 

to Gloss", ASTM B ü l ? .  97, 11-18 (1939). 
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CIE RESEARCH NOIE 

EIODELS OF HETEROCHROMTIC BRIGHTNESS PIATCHING' 

The conversion presented i n  t h i s  report i s  
intended to supplement CIE V(1) based photometry 
and not replace i t .  Photometrists would be ex- 
pected t o  decide when V(h) photometry, and when 
conversions to brightness related measures, are 
appropriate. In general current research indi- 
cates that  Iuminance i s  appropriate when the 
observer's task is t o  resolve high spatial or 
temporal frequencies. 

In 1978, TC-1.4 (Vision) produced a Technical 
Report (CIE Document No. 41) enti t led "Light as a 
true visual quantity: principles of measurement". 
In that report the Comnittee expressed the view 
that: 
"the measurement of l i ght  should be  meaning- 
fu l ly  related to vis ion a s  was original ly  in- 
tended by the C I E .  We h r t h e r  b e l i e v e  that some 
practicable methods do e x i s t  for bringing the t w o  
(measurement of l i g h t  and vision) into agreement. 
Four such techniques were described i n  Chapter 2. 
Admittedly, all complicate the measure of l i g h t  
beyond current practice.  However, one of  these,  
mathematical models in photometry, represents a 
potential solution for a l l  the problems d i s -  
cussed above and its requirements f o r  future 
instrumentation do not involve apparatus more 
complicated than the current physical photo- 
meters." (p.27) 

Since that time, TC-1.4, and subsequently 
TC 1-03 under the C I E  reorganization, has been 
seeking for  a physiologically based, mathematical 
W e 1  o f  color vision capable o f  being able t o  
transform luminance or  tristimulus values t o  
measurements more consiS.tent w i t h  the perception 
o f  brightness. 

In 1981, at a meeting o f  TC-1.4 (Vision) i n  
Berlin, it was decided t h a t  the  state-of-the-art 
of physiologically based, mathematical model s o f  
color vision would not permit a recoinmendation 
for  photametrie purposes i n  the near future. I t  
was further reported that there i s  an urgent need 
to  have l ight measurements better than that 
afforded by CIE luminance: 'better' meant a 
closer correspondence t o  brightness rnatchi ng . If 
the CIE ¿id not produce a recommendation along 
these l ines,  then industry would and the i r  

*This CIE Research Note was prepared b y  TC 1-03, 
chairman P. U. Kaiser, Dept.  of Psychology, York 
University, 4700 Keele Ctr. ,  Downsview Ont. M3J 
1P3, Canada, and approved by Division 1: Vision 
and Colour for further study. 

recommendation i s  likety t o  be R O ~  as good as 
t h a t  possible from w i t h i n  the CIE.  Therefore, i t  
was decided t o  seek an interim solution t o  the 
luminance-brightness discrepancy problem by 
determining B/L ratios thi'oughout chromaticity 
space from the da ta  available i n  the l i terature.  
With these B/L ratios i t  would be possible t o  
modify C I E  luminance values t o  give a value more 
i n  l ine  w i t h  the brightness matching o f  isolated 
chromatic l ights.  

I n  1983, a t  the CIE Quadrennial Meeting i n  
Amsterdam, Ware and Cowan circulated a report en- 
t i t l ed  "Specification o f  heterochromatic b r i g h t -  
ness matches: a conversion factor for  calculat- 
ing luminances o f  stimuli which are equal i n  
brightness .'I This document contained an equation 
which, w i t h  a knowledge o f  the 1931 CIE chro- 
maticity coordinates and CIE luminance, enable a 
new value t o  be calculated that was ordinally . 
related to  luminances associated w i t h  the 
brightness matching of isolated l i g h t s .  This 
equation was based on 3275 data points from 29 
studies and the report fully documents the 
research that  led t o  the final equation. 

i n  1984, a t  a meeting of TC 1-03 i n  Rochester, 
t h i s  report, including the Cowan and Ware 
equation, was accepted as an interim solution to  
the brightness-luminance discrepancy problem. I t  
was further agreed to  present' the report to  
Division 1 as a Committee Report. 

W i t h  this background, Division 1 recommends 
the Ware and Cowan conversion factors for  further 
study. 

The Ware and Cowan Conversion Factor 

it i s  recommended that the conversion factors be 
used under the following conditions: 
1.  The stimuli should be viewed foveally, subtend 

a visual angle of greater than, or equal t o ,  
30 minutes, b u t  n o t  greater than 4 degrees. 

2. The stimuli have a luminance greater than, or 
equal t o ,  2 candela per square meter. 

3. The stimuli t o  be compared shouid have 
similar su r round  conditions and appear as 
unrelated col ors. 

4. The ambient l ight i s  relatively neutral. 

To compare two stimuli 
1 .  Determine the X,Y,Z tristimulus values o f  each 

stimulus using the C I E  1931 color matching 
functions. 
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