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Lntroduction

While colour and density measurements play important roles i the c

ntrol of

colour reproduction, they cannot replace the human observer-for final| assessment
of the quality of complex images. Colour reflection artwork, photogrigphic
transparencies, photographic prints, and photomechanical reproductidns such as
on-press and off-press proofs, or press sheets, are commonly evaluated for their
image and colour quality, or compared critically‘wjth one another for|fidelity of

colour matching. Paper and other substrates ¢ontribute to the colour

hppearance

and controlling the colour of theseis equally-eritical. However, it should be noted
that the paper industry has its own set ef\hternational Standards for Unprinted
paper which differ in illumination cenditions from those recommendad in this

International Standard.

Thereis no doubt that the bestviewing condition for the visual assesgment of
colour isthat in which the product will be finally seen. Where thisis|known, and
itis practical to do so,the various people in the production chain may sensibly

agree to use this viewing condition for all evaluation and comparison

However, it

isimportant that:this be properly agreed upon in advance and that it be specified

that such aviewing condition is NOT 1SO-defined.

Unfortunately, such agreement is often not practical. Even if a particilar end-use
condition is known, it may be impractical to provide everybody in the production

chan with sufficiently consistent viewing apparatus. Since deficienc

esin light

sources and viewing conditions, and inconsistencies between colour \jiewing

artwork, they are likely to cause miscommunication about colour rep
processing. ThisInternational Standard provides specifications for ill

facilities, can distort the colour appearance of substrates, reproducti o;rs and

oduction and
umination

and viewing conditions that, when properly implemented, will reducq errors and

misunderstandings caused by such deficiencies and inconsistencies.

The illumination used to view colour photographic prints, photomech
reproductions, and transparencies needs to provide adequate amounts

anical
of radiant

power from all parts of the ultraviolet and visible spectrum to avoid distorting their

appearance from that observed under commonly used sources of illumination such
asdaylight. The ultraviolet content is important where fluorescent samples, which
are excited in this region, are encountered; a phenomenon associated with many of
the paper substrates on which images are reproduced as well as with some of the
dyes and pigments themselves.

To ensure consistency with the 1974 International Standard, as well as the majority
of equipment in current use, the reference spectral power distribution specified in
this International Standard is CIE Illuminant Dg,. Many of the reasons for the
selection of illuminant D, in 1974, as opposed to any other CIE daylight
illuminant, are equally applicable today. Much consideration was given to
changing the reference illuminant to be CIE F8, a5 000 Kelvin illuminant more
typical of fluorescent lamps. However, it was felt that this would provide only a

© 1SO 2000 — All rights reserved \
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minimal conformance advantage (as shown in informative annex B) and the actual
goal isfor the illumination to simulate natural daylight.

Becauseit is very difficult to produce artificial sources of illumination which
closely match the spectral power distribution of daylight, it isimportant that the
tolerances specified within this International Standard provide a compromise
between that required for lamp manufacturing purposes and that for consistent
viewing. In thisInternational Standard three constraints which define the colour of
the light falling on the viewing plane apply, one directly and two indirectly, and all
three must be met simultaneously if a viewing apparatus is to be in compliance.

The chromaticjty,which directly definesthe colour of the illumination at the

viewing surf
in the CIE 197
radius around

distribution of
CIE Publicati
rendering qual
Both requirem
industries.

Because CIE
additional virt
evaluation, w
were derived f
them. Also, b
tolerance of
requirement. (I
draft of thisIn
Supplement 1

. is specified asthat for illuminant D, and the tolerance by acircle
Uniform Chromaticity Scale (UCS) diagram having a specified
hat value. To establish the compliance of the spectral power

he illumination to that of illuminant Dg, the methods defined in
sNo. 13.3 and No. 51 are both specified. One defines the colour
ty of alamp; the other its ability to correctly predict metamers.

ts are important to the graphic technology and photographic

blication No. 51 does not currently address illuminant Dy,
al metamers for thisilluminant, for both visible and ultraviol et
e calculated and are defined in this International Standard. They
om those published in CIE Publication No. 51 and are equivalent to
on experimental work described in annex B, a practical
eptability has been defined, alongside a Colour Rendering Index
t should be noted that subsequent to the preparation;ef the final
ernational Standard, the CIE has prepared and published
o CIE Publication 51 which incorporates the vistual metamers for

CIE illuminanf Dg,. The combination of CIE Publication 51 and Supplement 1 is

identified as C

The perceived

E Publication 51.2-1999.)

tonal scale and colours of a printer transparency can be

significantly inffluenced by the chromaticity and tuminance of other objects and

surfacesin the
affect the state

field of view. For this reason,"ambient conditions, which may
of visual adaptation, neetito be designed to avoid any significant

effects on the perception of colour anehtone and immediate surround conditions

need to be spey
Standard.

Experiencein
the need for tw

lified also. Such spegifications are provided in this International

he industries'covered by this International Standard has revealed

comparison,

o levelSof illumination; a high level for critical evaluation and

under illumingionlevels similar to those under which it will be finally viewed.

a;d alower level for appraising the tone scale of an individual image

This International Standard provides these two levels of illumination.

The higher level is essential to graphic technology where comparison is being
made; such as between original artwork and proof, or to evaluate small colour
differences between proof and press sheet in order to control a printing operation.
It is effective in these situations because it enhances the visibility of any
differences. The high level of illumination is also appropriate in photography
when comparing two, or more, transparencies or when critically evaluating a
single image to assess the darkest tones that can be printed.

Since, despite adaptation, the level of illumination has quite a significant effect on
the appearance of an image, the lower level isrequired in order to appraise the
image at alevel more similar to that in which it will be finally viewed. Although
it isrecognized that quite awide range of illumination levels may be encountered

vi © ISO 2000 — All rights reserved
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in practical viewing situations, the lower level chosen is considered to be fairly
representative of the range encountered. For thisreason it is applicableto

aesthetic appraisal, including the conditions for routine inspection of

prints.

The viewing of transparenciesis specified both for direct viewing and by

projection. Additional conditions are also specified for those conditi
transparencies are to be compared to a print. The particular surround

ons where
specified for

transparencies recognises the way that a transparency should be viewed for

optimum visibility of the dark tones, but acknowledges that practical
equipment is likely to have ambient conditions that introduce some v

viewing
iewing flare.

The combination of surround and flare produce an appearance that is fairly

representative of how the transparency will laok in atypically lighted room.

Small transparencies are commonly evaluated in graphic technolegy
viewing. When it is necessary to view transparencies directly,they s

by direct
hould be

viewed according to the conditions specified for that situation. However, for some

purposes, smaller transparencies are not viewed directly hecause the

iewing

distance for correct perspective and perception of detail istoo small flor visua

comfort. Furthermore, when small transparencies.are reproduced for

bublication or

other purposes, they are usually enlarged. Te ease comparison, it is helpful to

enlarge the transparency image when comparing it to the print. For t
aviewing condition may be required which provides a magnified ima
viewed at an appropriate distance.

Colour monitors are increasinghy being used to display and view digi
graphic technology and photography. In order to ensure consistency

Nese reasons,
ge when

al imagesin
Df assessment

in this situation it isimportant that the viewing conditions in which tie monitors

are placed are reasonabhy well specified. However, it should be notef
adherence to these specifications does not ensure that the monitor wi
hardcopy without provision of a defined colour transformation to the
image, or use.of proper colour management. This aspect of matching

i that

| match the

displayed
is beyond

the scope of this International Standard. In practice, even with high quality colour

management, an accurate match is difficult to achieve because the lu
levels generally differ significantly between hardcopy (print or transy
softcopy (monitor).

Thus, it should be noted that the specifications for images viewed on
monitors, provided in this International Standard, are for images view
independently of any form of hardcopy; conditions for direct compar
hardcopy and softcopy (even where a suitable colour transformation

applied) are beyond the scope of this International Standard which c3
being primarily relevant where successive viewing of hardcopy and §
place. 1SO 12646, Graphic Technology - Colour proofing using a co
currently at Working Draft level in TC 130, is being prepared to proy
detailed recommendations where direct comparison isrequired. Ing

minance
arency) and

colour

ed

sons between
nas been

n be seen as
pftcopy takes
our display,
ide more
bneral it may

© 1SO 2000 — All rights reserved

be stated that for such comparisonsit is desirable to view the colour monitor under
the lower levels of ambient illumination specified in this International Standard
and with the maximum level of luminance achievable, and the hardcopy sample at
the lower levels of illumination specified for printed matter in this International

Standard (and their equivalent for transparencies). However, it shoul

d be noted

that thiswill, in turn, affect the perceived tone and colourfulness of the hardcopy.

Vi
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1 Scopd

This Inter
for image
as prints (
transparer]
colour ma@
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objec
apprg

prints
to thg

by pr
other

appra
Views

This Inter
papers.

2 Norm

hational Standard specifies viewing conditions

5 on both reflective and transmissive media, such
both photographic and photomechanical) and
cies, as well asimages displayed in isolation on
nitors. Specifically, it shall be used for:

criticel comparison between transparencies, reflection

graphic or photomechanical prints and/or other
S Oor images,

sal of the tone reproduction and colourful ness of
and transparencies at illumination levels similar
se for practical use, including routine inspection,

criticgl appraisal of transparencies which areviewed

jection, for comparison with prints, objects, or
reproductions, and

sal of images on colour maenitors which are not
d in comparison to any foim of hardcopy.

hational Standard-isTiot applicable to unprinted

ativereferences

Thefolloy

il nef narmative documents contain lnm\/i sions

SO 5-2:1991, Photography —=Density mq
Part 2: Geometric conditionsfor transmis

I SO 5-3:1995, Photography — Density me
Part 3: Spectral conditions.

I SO 5-4:1995,4Photography — Density me
Part 4: Géometric conditions for reflectio

ISO%2646: ), Graphic technology —

colour proofing — Characteristics and vig
CIE Publication No. 13.3, 1995, Method d
specifying the colour rendering propertieg
2nd edition.

CIE Publication No. 15.2, 1986, Colorimy

CIE Publication No. 51, 1981, A method f
quality of daylight simulators for colorime

CIE Publication No. 17.4, 1987, Internati
vocabulary.
3 Termsand definitions

For the purposes of this International Stan
following terms and definitions apply.

lasurements —
5ion density.

lasurements —
lasurements —
N density.

Displays for
wing conditions.

f measuring and
of light sources,
Btry.

br assessing the
try.

bnal lighting

dard, the

which, through reference in this text, constitute provisions
of this International Standard. For dated references,
subsequent amendments to, or revisions of, any of these

publicatio

ns do not apply. However, parties to agreements

based on the International Standard are encouraged to
investigate the possibility of applying the most recent
editions of the normative documents indicated below. For
undated references, the latest editions of the normative

document

referred to applies. Members of IEC and SO

maintain registers of currently valid International
Standards.

© 1SO 2000 - All rights reserved

31
chromaticity

property of a colour stimulus defined by its chromaticity
co-ordinates, or by its dominant or complementary

wavelength and purity taken together

[CIE Publication No. 17.4:1987, 845-03-34]

3.2
colour rendering index

measure of the degree to which the psychophysical colour
of an abject illuminated by atest illuminant conforms to

that of the same object illuminated by the

1) To be published.

reference
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illuminant, suitable alowance having been made for the
state of chromatic adaptation.
[CIE Publication No. 17.4:1987, 845-02-61]

3.3

correlated colour temperature

temperature of the Planckian radiator whose perceived
colour most closely resembles that of a given stimulus at
the same brightness and under specified viewing
conditions

[CIE Publication No. 17.4:1987, 845-03-50]

L = d(pv
V' dA x cos@ x dQ

where d¢, is the luminous flux transmitted by an
elementary beam passing through the given point and
propagating in the solid angle d2 containing the given
direction; dA isthe area of a section of that beam
containing the given point; 0 is the angle between the
normal to that section and the direction of the beam
[CIE Publication No. 17.4:1987, 845-01-35]

34
flare
light falling on ah image, in an imaging system, which
does not emanat¢ from the subject point

SEE imageflarg, veiling flare, and veiling glare.

NOTE Veiling glafe is al'so sometimes referred to as flare

35

har dcopy
representation of|an image on a substrate which is self
sustaining and regasonably permanent

SEE softcopy, pfint, and transparency

NOTE Examples [nclude prints and transparencies.

3.6 illuminanceg
<at apoint of a qurface> quotient of the luminous flux
incident on an elgment of the surface containing the point
by the area of that element

[CIE Publication|No. 17.4:1987, 845-01-38]

3.7
illuminant
radiation with a el ative spectral power distribution
defined over the wavelength range that'influences object-
colour perception
[CIE Publication|No. 17.4:1987,.845-03-10]

3.8

image flare
light from a subjgct poift that is scattered by the optical
system to areas df ‘the image plane other than the

3.10

off-press proof print

print produced by a method other than pressprin
whose purpose is to show the results-of.the colour
separation process in away that closely simulates the
results on a production press

ng

311

on-press proof print
print produced by press printing (production or pfoof
press) whose purpose is to show the results of the colour
separation process in away that closely simulates the
results on aproduction press

312
original
the'scene or hardcopy from which image information is
obtained, using an image capture device, in areproduction
process

NOTE As used in graphic technology, the original is typicaly a
print or transparency, and the capture device is usually an input
scanner or, occasionally, a process camera. In photography the
term original scene is sometimes used.

3.13
print
two-dimensional hardcopy form of an image intgnded for
viewing

SEE hardcopy, softcopy, transparency

NOTE In still photography and graphic technology, the term

print is reserved for reflection hardcopy; a medium designed to
by raofloctad Lokt

appropriate image point

NOTE The distribution of image-flare light resulting from any
subject point is specified by the image point spread function.
Point spread functions tend to fall off rapidly as the distance
from the image point isincreased, are variable for different
image-point locations and are typically not radially symmetric
for image points some distance from the optical system axis.

3.9

luminance (in a given direction, at a given point of a
real or imaginary surface)

quantity defined by the formula:

haioaaad
PCVTCW OOy rerecteogre

3.14

relative spectral power distribution

ratio of the spectral power distribution of a source or
illuminant to afixed reference value which can be an
average value, a maximum value, or an arbitrarily chosen
value of this distribution.

3.15

softcopy

representation of an image produced using a device
capable of directly representing different digital imagesin
succession and in a non-permanent form

© 1SO 2000 - All rights reserved
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EXAMPLE the most common example is a monitor
SEE hardcopy

3.16
source
primary emitter of electromagnetic radiation

3.17
surround

area adjacent to the border of an image which, upon
viewing the image, may affect the local state of adaptation
of the eye

1 SO 3664:2000(E)

samples, which provide metameric matches for specific
standard daylight illuminants.

NOTE Virtual metamers are used to test and classify
illumination sources which simulate daylight according to the
method provided in CIE Publication No. 51. This classification
is accomplished by calculating the average of the colour
differences obtained for these metamers between the
illumination source in question and a CIE standard illuminant.
Although it may be possible to construct physical realizations of
some virtual metamers, the fact that they may not be real alows
greater flexibility in their design.

NOTE The surround, which can have a significant effect on the
perceived tone and colour reproduction of an image, should not
be confusefl with any border immediately surrounding the
image, such as any unprinted white substrate for reflection copy
or the uneposed border present on many transparencies. For a
colour morjitor, the border will normally be dark grey or black,
and hence the same as the surround. However, when simulating
hardcopy i{ will be similar to that hardcopy, both in terms of
lightness and width.

3.18
transpargncy

two-dimefsional hardcopy form of an image designed to
be vieweq by transmitted light

SEE hardcopy, softcopy, print

3.19
transpar gncy illuminator
apparatusfused for back illumination of a transparency-

3.20
veiling flare

relatively uniform but unwanted irradiafion in the image
plane of an optical system, caused by.the scattering and
reflection|of a proportion of the radiation which entersthe
system thfough its normal entrarce aperture where the
radiation may be from insideor outside the field of view
of the sysfem

NOTE Light leaksinap/optical system housing can cause
additional inwantedhrradiation of the image plane. This
irradiation may“resemble veiling flare.

4 Viewing condition requiréements
4.1 General requirements

In this clause, the requirements that apply|to all of the
specified viewing conditions are stated. Tjhe requirements
specific to each ofthese viewing conditiofs are defined in
4.2 (Critical eomparison), 4.3 (Practical appraisal of
prints) and4.4 (Projection viewing of smdll
transparencies).

NOTE For ease of reference, each viewing condition described
inthe International Standard has been given a apha-numeric
designation. This may be useful in describing|or specifying
conditions: e.g. ISO viewing condition P2 as oecified in this
International Standard.

4.1.1 Viewing apparatus

To comply with this International Standar
specified shall be achieved at the surface

specified relative spectral power distributi
illuminated surface rather than to the sour
because the light from the source may be
reflecting and transmitting components of
and the required relative spectral power di
be obtained from a mixture of light from

d, the values

bf viewing. The
jon appliesto the
Ce (or lamp)
modified by

the apparatus,
stribution may
ifferent sources.

The source, image being viewed, and obsgrver's eyes shall

be positioned to minimize the amount of |
reflected toward the eyes of an observer o

normal to the centre of the viewing surfacge.

ght specularly
N or near the

321

veiling glare

light falling on a radiant image surface, such as a back
illuminated transparency or monitor, which adds to the
luminance of the image

NOTE Veiling glare lightens and reduces the apparent contrast
of the darker parts of an image. It differsfrom veiling flarein
that it is used exclusively for the perception of imagesin which
no entrance aperture is defined.

3.22
virtual metamer
set of spectral radiance factors, not based on physical

© 1SO 2000 - All rights reserved

The surround of a print or transparency shall have a

diffusing surface and shall have a CIELAB chromavalue
no greater than 2; i.e. shall appear neutral.

4.1.2 Spectral conditionsfor the referenceilluminant

Therelative spectral power distribution of the reference
illuminant for both prints and transparencies shall be CIE
illuminant Dy, as defined in CIE 15.2 (see Table 1). This
represents a phase of natural daylight having a correlated
colour temperature of approximately 5000 K. The
chromaticity coordinates of illuminant Dy, are x,, =

0,347 8 and y,, = 0,359 5 in the CIE chromaticity diagram

3
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Table 1 — Relative spectral power of referenceilluminant Dy,

Wavelength Relative power for Wavelength Relative power for
nm illuminant D, nm illuminant D,
300 0,02 550 102,32
305 1,03 555 101,16
310 2,05 560 100,00
315 4,91 565 98,87
320 7,78 570 97,74
325 11,26 575 98,33
330 14,75 580 98,92
335 16,35 585 96,21
340 17,95 590 93,50
345 19,48 595 95,59
350 21,01 600 97,69
355 22,48 605 98;48
360 23,94 610 99,27
365 25,45 615 99,16
370 26,96 620 99,04
375 25,72 625 97,38
380 24,49 630 95,72
385 27,18 635 97,29
390 29,87 640 98,86
395 39,59 645 97,26
400 49,31 650 95,67
405 52,91 655 96,93
410 56,51 660 98,19
415 58,27 665 100,60
420 60,03 670 103,00
425 58,93 675 101,07
430 57,82 680 99,13
435 66,32 685 93,26
440 74,82 690 87,38
445 81,04 695 89,49
450 87,25 700 91,60
455 88,93 705 92,25
460 90,61 710 92,89
465 90,99 715 84,87
470 91,37 720 76,85
475 93,24 725 81,68
480 95,11 730 86,51
485 93,54 735 89,55
490 91,96 740 92,58
495 93,84 745 85,40
500 95,72 750 78,23
505 96,17 755 67,96
510 96,61 760 57,69
515 96,87 765 70,31
520 97,13 770 82,92
525 99,61 775 80,60
530 102,10 780 78,27
535 101,43
540 100,75
545 101,54

NOTE The wavelength specification has been extended beyond the normal visual range because of the need to consider brighteners or
dyes which may fluoresce.

© 1SO 2000 - All rights reserved
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and u';, =0,210 2 and v';, = 0,488 9 in the CIE 1976
Uniform Chromaticity Scale (UCS) diagram.

NOTE Chromaticity is specified for the CIE 1964 standard
colorimetric observer to ensure compatibility with the method
specified in CIE Publication No. 51 which is used to define the
degree of compliance of the illumination to the reference
illuminant in 4.2.2.

4.1.3 Colour rendering index

The CIE general colour rendering index of the viewing

1 SO 3664:2000(E)

mechanism for indicating degradation.

However, it is the responsibility of the user, both before
and beyond this time limit, to undertake measurements as
specified in clause 5 to ensure compliance, unless it can be
otherwise demonstrated that the equipment remains within

tolerance.

4.2 Conditionsfor critical comparison (ISO

viewing conditionsP1 and T1)

4

i

1_Annlicabilitv
T PPHEaRH Y

No. 13.3 and shall have avalue of 90 or higher. In
addition, fhe separate specia colour rendering indices for
samples 1{to 8 as specified in CIE Publication No. 13.3
shall each|have avalue of 80 or higher.

surface ﬂFI be measured as specified in CIE Publication

4.1.4 Ampient conditions

The visua environment shall be designed to minimize
interferente with the viewing task. It isimportant to
eliminate pxtraneous conditions that affect the appraisal of
prints or tfansparencies and an observer should avoid
making judgements immediately after entering a new
illuminatipn environment because it takes a few minutesto
visually aflapt to that new environment.

Extraneous light, whether from sources or reflected by
objects and surfaces, shall be baffled from view and from
illuminatipg the print, transparency, or other image being
evaluated| In addition, no strongly coloured surfaces
(including clothing) should be present in the immediate
environment.

NOTE The presence of strongly coloured-objéects within the
viewing enfvironment is a potential problemy’because they may
cause reflegtions which cannot easily'be'baffled and may
influence viiewer adaptation.

Walls, ceiling, floors, and.other surfaces which arein the
field of vipw shall be baffled or coloured a neutral matt
grey, with a reflectance of 60 % or less. It should be noted
that it may be easier to minimize these problems by using
aviewing booth rather than designing an open areafor
viewing wi ppa
easier to meet the specmcanon for surround condltlons
specified in 4.2.4 and avoid the excessive flare which may
otherwise cause problems on transparency illuminators.
However, even with such apparatus, adaptation and
avoidance of extraneous light still need to be carefully
considered.

4.1.5 Maintenance
Manufacturers of viewing apparatus shall specify the
average number of hours during which the apparatusis

expected to remain within specification. The apparatus
should include a time-metering device or some other

© 1SO 2000 - All rights reserved

This subclause specifies viewing conditio
comparison between two (or more)ieopieg
The comparison is usually either’between
its reproduction or between different copi¢
reproduction, such as samples from a pres
photographic prints. (Fhe images being co
on the same media (reflective or transmiss

ns for the critical
of an image.
the original and
bs of a

5 run or multiple
mpared may be
ive), or on

different reflective media (including photc
photomechani€al prints and press proofs o
proofs), areven between transmissive and
such asthat pertaining when a transparend

graphic or

I off-press
reflective media
y is compared to

aproof’of its printed reproduction. The high illumination

levels specified permit more critical evalu
and tone gradation in higher density areas
be perceived under most practical viewing

The condition for viewing a print is specif

ation of colour
which may not
conditions.

ied as condition

P1; that for viewing atransparency di rec:k/ onan

illuminator having a diffusing screen (co

viewing by projection) is specified as con
latter will normally be the case for transpa
than 10 cm by 10 cm and in graphic techn
generally the case for smaller transparenc

NOTE In the graphic arts industry the primaryj
application involves comparison, which requi
used. However, when it isimportant that tone

pared to
lition T1. The
rencies larger
plogy is

es also.

viewing
es that level P1 be
reproduction that

will be perceived under lower levels of illumination is assessed,

it is recommended that P1 be supplemented by
expected actual viewing condition. It should b

level P2, or the
P noted that the

same correlated colour (D) is specified for bgth P1 and P2.

Theillumination at the plane of viewing shall approximate
that of CIE standard illuminant D,. It shall have u',,, V',
chromaticity coordinates within the radius of 0,00 5 from

that specified in 4.1.2 and a colour renderi

ng index as

specified in 4.1.3. When assessed using the method

defined in CIE Publication No. 51, but usi

ng the virtual

metamers defined for the visible range in Table 2, it shall
fall within category C and should fall within category B.

For condition P1, when assessed using the method defined
in CIE Publication No. 51, but using the virtual metamers
defined for the ultraviolet range in Table 3, it shall have a
metamerism index (Ml,,) of lessthan 4. (Seeinformative
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Table 2 — Five sets of spectral reflection radiance factor data providing virtual metamerswith the standard
data provided in CIE Publication No. 51. To be used for visible range evaluation for illuminant Dg,.

Wave Virtual metamers, visual range Wave Virtual metamers, visual range
length length

nm Set 1 Set 2 Set 3 Set 4 Set 5 nm Set 1 Set 2 Set 3 Set 4 Set 5
400 0,029 0,044 0,029 0,403 0,175 600 0,427 0,072 0,102 0,238 0,200
405 0,028 0,056 0,028 0,403 0,177 605 0,473 0,076 0,103 0,240 0,228
410 0,027 0,063 0,028 0,403 0,179 610 0,515 0,083 0,104 0,241 0,258
415 0,026 0,074 0,027 0,403 0,182 615 0,552 0,085 0,104 0,240 0,286
420 0,024 0,081 0,027 0,402 0,184 620 0,582 0,087 0,104 0,237 0,316
425 0,024 0,088 0,026 0,401 0,187 625 0,608 0,087 0,103 0,234 0,342
430 0,024 0,089 0,026 0,398 0,187 630 0,630 0,086 0,103 0,229 0,366
435 0,025 0,088 0,024 0,393 0,186 635 0,646 0,085 0,104 0,228 0,387
440 0,025 0,083 0,025 0,387 0,181 640 0,659 0,084 0,104 0,228 0,405
445 0,026 0,081 0,026 0,375 0,178 645 0,671 0,084 0,106 0,236 0,422
450 0,027 0,076 0,027 0,372 0,174 650 0,683 0,085 0,109 0,245 0,437
455 0,028 0,071 0,029 0,366 0,170 655 0,695 0,086 0114 0,264 0,451
460 0,031 0,066 0,031 0,360 0,165 660 0,708 0,088 0,120 0,287 0,466
465 0,035 0,059 0,034 0,353 0,160 665 0,722 0,088 0,129 0,320 0,482
470 0,043 0,052 0,037 0,345 0,156 670 0,736 ;088 0,140 0,358 0,602
475 0,054 0,048 0,045 0,336 0,151 675 0,751 0,087 0,154 0,403 0,p22
480 0,068 0,045 0,056 0,327 0,148 680 0,766 0,086 0,170 0,449 0,p43
485 0,085 0,042 0,067 0,319 0,143 685 0,781 0,086 0,188 0,502 0,p64
490 0,103 0,039 0,077 0,311 0,141 690 0794 0,086 0,206 0,552 0,684
495 0121 0,037 0,086 0,304 0,139 695 0,806 0,087 0,227 0,600 0,603
500 0136 0,034 0,092 0,296 0,137 700 0,817 0,088 0,250 0,646 0,621
505 0,148 0,035 0,095 0,289 0,135
510 0156 0,033 0,097 0,281 0,135
515 0159 0,032 0,095 0,276 0,132
520 0,160 0,032 0,092 0,271 0,129
525 0162 0,032 0,090 0,265 0,125
530 0164 0,032 0,089 0,260 0,122
535 0167 0,032 0,088 0/255 0,121
540 on72 0,033 0,086 0,251 0,121
545 on77 0,033 0,084 0,248 0,121
550 0182 0,033 0,084 0,246 0,121
555 0,189 0,032 0,086 0,245 0,119
560 0,196 0,030 0,087 0,244 0,116
565 0,209 0,032 0,088 0,243 0,110
570 0,226 0,036 0,091 0,241 0,108
575 0,248 0,041 0,094 0,239 0,113
580 0PR75 0,045 0,096 0,236 0,119
585 0,309 0,049 0,097 0,234 0, 13T
590 0,345 0,055 0,097 0,234 0,149
595 0,384 0,063 0,100 0,235 0,174

NOTE This data complements that in CIE Publication 51. The standard data, to which the above provides metamers, may be

obtained from that document. The above data are NOT availablein CIE Publication 51.
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Table 3— Spectral characteristic of non-fluorescent samples providing virtual metamerswith the

fluorescent samples provided in CIE publication 51 for illuminant Dy,

Wave Virtual metamers, Wave Virtual metamers,
length ultraviolet range length ultraviolet range
nm 1 2 3 nm 1 2 3
400 0,662 0,505 0,212 600 0,838 0,838 0,838
405 0,687 0,589 0,293 605 0,839 0,839 0,839
410 0,711 0,668 0,401 610 0,840 0,840 0,840
415 0,742 0,723 0,507 615 0,842 0,842 0,842
420 0,767 0,764 0,613 620 0844 0844 0844
425 0,797 0,805 0,737 625 0,846 0,846 0,846
430 0,822 0,838 0,842 630 0,848 0,848 0,848
435 0,824 0,845 0,868 635 0,850 0,850 0,850
440 0,820 0,843 0,866 640 0,851 0,852 0,852
445 0,816 0,836 0,857 645 0,851 0,854 0,854
450 0,810 0,826 0,845 650 0,852 0,856 0)856
455 0,808 0,822 0,845 655 0,852 0,856 0,857
460 0,807 0,820 0,843 660 0,852 0,856 0,857
465 0,807 0,816 0,837 665 0,853 0,856 0,857
470 0,804 0,813 0,830 670 0,853 0,856 0,858
475 0,806 0,813 0,828 675 0,853 0,858 0,859
480 0,810 0,816 0,827 680 0;853 0,858 0,860
485 0,812 0,817 0,826 685 0,853 0,858 0,861
490 0,814 0,818 0,826 690 0,853 0,858 0,862
495 0,816 0,819 0,825 695 0,853 0,858 0,863
500 0,818 0,821 0,825 700 0,853 0,859 0,864
505 0,822 0,825 0,828
510 0,826 0,829 0,831
515 0,830 0,831 0834
520 0,831 0,833 0,836
525 0,832 0,833 0,836
530 0,832 0,833 0,835
535 0,832 0,833 0,834
540 0,833 0,834 0,835
545 0,833 0,834 0,835
550 0,834 0,834 0,834
555 0,835 0,834 0,834
560 0,835 0,834 0,835
565 0,835 0,834 0,835
570 0,836 0,835 0,836
575 0,836 0,835 0,835
580 0,836 0,836 0,836
585 0,837 0,837 0,837
590 0,837 0,837 0,837
595 0,837 0,837 0,837
NOTE This data complements that in CIE Publication 51. The standard data, to which the above
brovides metamers, may be obtained from that document. The above data are NOT availablein
CIE Publication 51.
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annex B for further explanations of these tolerances).

NOTE No specification is provided for the ultraviolet emission
of theillumination for condition T1. In practice fluorescenceis
not an issue for photographic transparencies and the diffusing
surface of the illuminator normally absorbs the majority of any
ultraviolet emission from the source.

The categories to which the equipment conforms at the
time of manufacture shall be displayed on the equipment.
Where the ultraviolet metameric index is greater than 2,
the manufacturer shall specify whether the contribution to

4.2.5 Luminance at the surface of the transparency
illuminator (T1)

The luminance at the centre of the illuminated surface of
the transparency illuminator shall be 1 270 cd/m?® + 320
cd/m? and should be 1 270 cd/m? + 160 cd/m®.  Any
departures from uniformity shall be gradually diminishing
from centre to edge such that the luminance (measured
normal to the surface) at any point within the luminous
areais not less than 75 % of the luminance measured at
the centre of the image plane.

visible energy from ultraviolet excitation Is greater than or
less than the confribution of illuminant Dg,.

4.2.3 Illuminange (P1)

Theilluminanceshall be 2 000 Ix = 500 Ix, and should be
2000 Ix = 250 I¥4, at the centre of the illuminated viewing
surface area. Any departures from complete uniformity
shall be gradually diminishing from centre to edge. For a
viewing area up 1o 1 metre square, the illuminance at any
point within thenl‘lluminated area shall not be less than

75 % of the illunpinance measured at the centre of the
illuminated viewjng surface area. For larger viewing areas,
the lower limit shall be 60 %.

4.2.4 Surroundfand backing for reflection viewing (P1)

The surround ang@l backing shall be neutral and matt. The
surround shall have aluminous reflectance between 10 %
and 60 % with the specific value being selected to be
consistent with practical viewing. For many applications,a
mid-grey of 20 % reflectanceis very convenient andis
recommended where no other condition is defined.
However, whateyer value is selected, it isimportant

when images arelbeing compared that the surrounds for
each are similar;|and as a result the ratje of the surround
luminance shall be 1,0 (= 0,2):1.

NOTE 1 A wide rpnge of surroungreflectancesis allowed in
this International $tandard so that reflection hardcopy images
can be evaluated i conditiohswhich are similar to those used in
practice. However| extremely light or dark surrounds are not
allowed because of théirlarge effect on appearance. Where no
practical conditior| can’be specified, a mid-grey of 20 %
reflectance should be used.

The surround shall extend beyond the materials being
viewed on all sides by at least 1/3 of their dimension.
Where objects are being compared, they may be
positioned edge to edge. The backing should have a
luminous reflectance of 2 % to 4 % to be consistent with
the definition in 1SO 5-4.

NOTE 2 The above requirement may be met by appropriate
finishing of the viewing surface or by introduction of masking
devices.

4.2.6 Transparency illuminator diffusion
characteristics (T1)

The transparency illuminator surface-shall provide diffuse
light such that the luminance of thesurface meagured at
any angle between 0° and 45°£rom the normal ghall not
be less than 90 % of the luminance of the same point
measured normal to the surface.

4.2.7 Transpareney<surround (T1)

The surround-shall be at least 50 mm wide on al|sides. It
shall appear.néutral compared to the source and $hall have
aluminance that is between 5 % and 10 % of thgt of the
surface.of the image plane of theilluminator in the
direction of observation. A transparency mountgd with an
opague border may be viewed without removingthe
mount.

NOTE This condition is similar to that specified for direct
viewing of transparencies in the previous version of this
International Standard. However, that version specifigd an
"illuminated" surround when transparencies were conjpared to
prints. The purpose of this surround was to effect argduction in
transparency contrast to facilitate comparison to prints.
Unfortunately, this method of contrast reduction significantly
reduces tonal differentiation in the dark tones of the ifnage.

luminance somewhat above absol ute bI ack because of viewing
flare and ambient illumination falling on the mask.

4.2.8 Relationship between transparency luminance
and print illuminance (P1and T1)

For critical comparison between transparencies and
reflecting materials, the illuminance at the reflecting
material surface shall be that specified in 4.2.3[i.e. 2 000
+ 500 Ix]. The transparency illuminator shall have a
luminance as specified in 4.2.5 [i.e. 1 270 + 320 cd/m?].
However, the combined tolerances must be such that the
ratio of the maximum luminance of the transparency
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illuminator to the maximum luminance of a perfectly
reflecting and diffusing material, at the plane of the
reflecting material, shall be 2 (+ 0,2):1. The maximum
luminance by reflection from the perfectly reflecting and
diffusing material is equal to the incident illuminance
divided by .

4.3 Conditionsfor practical appraisal of prints
(including routine inspection). (I1SO viewing condition
P2)

4.3.1 Applicahility

1 SO 3664:2000(E)

correspond to an office, library, or arelatively brightly
illuminated areain aresidence. By appraising images
under such conditionsit is possible to ensure that they
provide a satisfactory tone reproduction; such ajudgement
cannot be made unambiguously at the higher level of
illumination specified for condition P1.

NOTE In the graphic arts industry the primary viewing
application involves comparison, which requires that level P1 be
used. However, when it isimportant that tone reproduction that
will be perceived under lower levels of illumination is assessed,
it isrecommended that P1 be supplemented by level P2, or the

The specifications in this subclause are applicable for the
appraisal pf tone reproduction of individual images,
photograghic image inspection or the judgement of prints.
They are ot appropriate for the simultaneous comparison
of media, where colour matching is the primary concern,
such as arfy comparison between proof and photo-
mechanicgl print, transparency and proof (or print), or
between different photographic prints and transparencies.
The only gxception is when comparing a print to a colour
monitor, hecause of the low luminance level exhibited by
current mpnitors, but such comparisons are outside the
scope of this International Standard which only deals with
appraisal pf images on a monitor in isolation from
hardcopy |(see 4.5).

It should Ipe noted that the relative spectral power
distributign characteristics specified for P2 are exactly,the
same as those specified for condition P1. Therefore,
images thet match under the conditions of P1 will tnatch
under the conditions of P2. However, the reverse'is not
true, particularly if there are significant dark
involved.

Experienge has shown that the highlevels of illumination
specified for 1SO viewing conditron P1 can give a
misleading impression of the'tone reproduction and
colourfulness of an image which will ultimately be viewed
by the conjsumer in mughtlower levels of illumination.

expected actual viewing condition. Tt should bk noted that both

P1 and P2 have the same correlated col ourt
4.3.2 Illumination

Theillumination at the sufface of viewing
with that described in 4.2,2.

4.3.3 Illuminancé

The illuminance at the centre of the viewi
be 5001x¢ 125 Ix. Theillumination unif
comply.with that described in 4.2.3.

4,34 Surround and backing

The surround and backing shall comply w|
described in 4.2.4 except that a white bacl
where appropriate, e.g. for display purpos
and backing shall be assumed to bein con
4.2.4 unless communicated otherwise to 0
the production chain, in which case the re
surround and backing shall be specified.

4.4 Conditionsfor viewing small trg
by projection (I1SO viewing conditig

4.4.1 Applicability

perature of Dg,.

shall comply

hg surface shall
brmity shall

th that

(ing may be used
ps, The surround
hpliance with
thersinvolved in
lectance of the

nsparencies
nT2)

Images tht appear.quiite acceptable when viewed at the The_ specif_ications for t_he equipment used fpr vigwi ng a
higher leviels of i[fumination may not appear satisfactory projected image of aslide on a screen arejgivenin 4.4.2 to
when vieed /4t nore typical levels of illumination. To 4.4.8. These conditions are not to be conflused with those
avoid thiglproblem the illumination level for inspection of normally used for viewing slidesin acommercial
projectorwherethemagnificationrsgenerally much

photographic prints is often set arbitrarily while many
graphic technology users take proofsinto lower
illumination levels, of unknown conditions, to verify that
their tone reproduction will prove acceptable in use.
Because neither the level or characteristics of the
illumination in these situations are controlled, this practice
introduces uncertainties into the process and prevents
effective communication.

The viewing conditions specified in this subclause are
intended to minimize those problems; the viewing
conditions specified are for the appraisal of tone
reproduction, for photographic image inspection or
judgement of prints, under illumination levels that

© 1SO 2000 - All rights reserved

greater and there is no intent to compare such images with

reflection prints.
4.4.2 Illumination

The light emitted from the screen with an

empty slide

mount in the gate shall comply with that described in

4.2.2.

4.4.3 Luminance

The luminance at the screen in the direction of the
observer shall be 1 270 cd/m? + 320 cd/m? when measured
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with an empty slide mount in the projector.
4.4.4 Uniformity of screen luminance.

Any departure from uniformity of screen luminance shall
be approximately radially symmetrical about the centre of
the screen, the luminance gradually diminishing from the
centre to the edges of the projected image of the open slide
mount. When the screen is viewed at any angle up to 25
degrees from the perpendicul ar to its surface, and at the
normal viewing distance for the equipment, the luminance
of any point withinthe image of the apen dlide mount

for images viewed independently of any form of hardcopy;
conditions for direct comparisons between hardcopy and
softcopy (even where a colour transformation designed to
provide a colour match has been applied) are beyond the
scope of this International Standard. Thus, these
specifications can be seen as being primarily relevant
where successive viewing of hardcopy and softcopy takes
place. 1SO 12646, is being prepared to provide more
detailed recommendations where direct comparison is
required.

452 Chromaticity

shall be not less than 75 % of that at the centre. The
screen on which fheimage is displayed shall exhibit no
more speckle, scintillation, or graininess than that
exhibited by an yntextured flat, matt, front-projection
screen.

4.4.5 Surround
The surround shall comply with that described in 4.2.7.
4.4.6 Stray light and flare

Provisions shall be made for shielding the screen from

stray light. The $urfaces of the stray light shield(s) facing
the screen shall lye matt black.

Stray light and flgre shall be such that, when evaluated
with atest transgarency conforming to 5.2, the luminance
at the centre of the spot image on the screen shall not
exceed 1% of the maximum screen luminance for any
point in the surrqunding field.

4.4.7 Resolutior

The resolving power of the optical systenrshall be such
that, when evalugted with atest transparency conforming
to 5.3, al patterrfs having a spatial_freguency up to 40 line
pairs per millimatre shall be resoelved at any point in the
projected image.

4.4.8 Distortion

The projection system shall not exhibit noticeable spatial

The chromaticity of the white displayed on-the colour

monitor should approximate that of Dg..' IL.shall have U',q,
V', chromaticity coordinates within theradius of|0,025 of
u';o=0,197 9 and v';, = 0,469 5 in‘the'CIE 1976 [Uniform
Chromaticity Scale (UCS) diagram.

NOTE When viewed under theConditions specified ip 4.5, the
monitor itself will providethe primary adapting stimylus to the
eye. The chromaticity‘ef the white of the monitor is rjot too
important in this sitbation although many users prefer|that the
chromaticity of that white be close to that of Dg;. Thgreis some
evidence that, at'the low luminance levels obtained with
monitors, achromaticity close to that of D provides p better
evocatienof white and, furthermore, such a chromatidity permits
ahigherevel of luminance to be achieved with current display
technology. However, if the monitor is to be directly fompared
with prints or transparencies then the chromaticity of the white
of the monitor should be close to that of the hardcopy|to which it
isbeing compared. This means that a colour monitor used for
such a purpose should have a chromaticity close to illyminant
D, Such achromaticity iswithin the tolerance specified in this
International Standard. The specification for comparipg colour
monitor to hardcopy is described in greater detail in 1$O 12646.

4.5.3 Monitor luminance

The luminance level of the white displayed on the monitor
shall be greater than 75 cd/m? and should be greater than
100 cd/m?.

NOTE With current display technology, the level of luminance
that may be achieved depends upon the chromaticity gf the white
point of the monitor. Asthe correlated colour tempergtureis
increased_the level of screen luminance that may he dachieved

distortion nor cause noticeable chromatic distortion of the
projected image.

45 Conditionsfor appraisal of images displayed
on colour monitors.

45.1 Applicability

In order to ensure consistency of assessment of images
viewed on colour monitors, it isimportant that the viewing
conditions in which the monitors are placed are reasonably
well specified. However, it should be noted that the
specifications provided in this International Standard are

10

becomes higher. A level of at least 100 cd/m? is recommended
for this application but it is accepted that this may be difficult to
achieve on some monitors, particularly for older or lower cost
models, or where the monitor white point is set to the
chromaticity of illuminant Dg,.

4.5.4 Ambient illumination

When measured at the face of the monitor, with a cosine
corrected photometer and with the monitor switched off,
the level of ambient illumination shall be less than, or
equal to, 64 Ix and should be less than, or equal to, 32 Ix.
These limits must also be achieved when measured in any
plane between the monitor and the observer. The
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correlated colour temperature of the ambient illumination
shall be less than or equal to that of the monitor white
point.

NOTE The level of ambient illumination needs to be

significantly lower than the luminance level of the monitor white

point. Thisis partly to ensure that the observer is reasonably
adapted to the monitor but primarily to ensure that the full
contrast range of the monitor is not significantly reduced by the
effects of veiling glare. For these reasons, given the luminance
levels currently available with monitors whose white point is set
to D65, the level of ambient illumination needs to be less, and
preferably A

Thisis pafticularly significant where low- luminance
monitors are employed. If the level of ambient
illuminatipn approaches the higher level specified in this
subclause| the chromaticity of the illumination should be
approximgtely the same as the white point of the monitor,
in order tg minimize chromatic adaptation complications.

4.5.5 Suround condition

The areaimmediately surrounding the displayed image
and its bofder shall be neutral, preferably dark grey or
black to minimize flare, and of approximately the same
chromatigty as the white point of the monitor. The

[umi nanci of the border should be 20 % of the white point

luminance, or less, and preferably 3 % of the white point
luminance, or less.

NOTE When the monitor is being used to visualise images
which will oe reproduced as hardcopy the recommendet!
lightness of any border displayed around the image will depend
upon the comparison. In general, for comparison to prints,
which may|well be reproduced with a whiteborder consisting of
unprinted qubstrate, the border of the image;should be light to
simulate thys substrate; for comparison-to transparencies it
should be dark. However, it is generally preferable that any
such border be no more than 1 cm'to2 cm wide, evenif it would
normally bp wider on the hardcepy reproduction.

4.5.6 Env|ronmental.conditions

The monitor shall-be situated so there are no strongly
coloured greas (including clothing) directly in the field of
view or whi jonsH i

Ideally all walls, floors and furniture in the field of view
should be grey and free of any posters, notices, pictures,
wording or any other object which may affect the vision of
the viewer.

457 Glare

All sources of glare should be avoided since they
significantly degrade the quality of theimage. The
monitor shall be situated so that no illumination sources
such as unshielded lamps or windows are directly in the
field of view or are causing discernible reflections from
the surface of the monitor.
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5 Test methods
5.1 Spectral measurements

To determine the colour rendering index of the
illumination, as defined in 4.1.3, and the chromaticity and
metameric index as defined in 4.2.2, it is necessary to
measure the spectral power distribution of the
illumination. This requires measurement over the range
300 nm to 730 nm for conditions P1 and P2 and over the
range 380 nm to 730 nm for conditions T1 and T2. The
bardpass-ef-the-measdrrgastrament(spectroradiometer)
shall be 5 nm or narrower. The sampling|nterval shall not
be greater than the bandpass.

Asin any measurement process, the measyiring egquipment
must be regularly calibrateg{In this case, the calibration of
the spectroradiometer mustinclude assessment of stray
light, linearity, wavelength accuracy and gpectral power
accuracy.

5.2 llluminance and luminance

All illdminance or luminance measurements shall be made
with aphotometer having the spectral resgonsivity of the
CIE standard photopic photometric observer, V(4), and
measuring an area having a diameter no gfeater than 1/20
of the shortest linear dimension of the illuminated surface
area. For illuminance measurements, the photometer shall
be cosine-corrected.

For projection-viewing apparatus, stray light and flare
shall be evaluated with the aid of atest trgnsparency that is
clear, neutral and transparent everywhere pxcept for an
opaque central circular spot producing an jmage having a
diameter 1/10 of the smallest linear dimerfsion of the
projected opening in an open slide mount.| Measurement
shall be made perpendicular, within 7 degfees, to the spot
and 35 cm from the screen.

NOTE The measurement should be made over|an area not
greater than 30 % of the opague (black) spot diameter,
approximately centred on the centre of the spd.

All measurements shall be conducted in the presence of
environmental illumination that would normally exist
when the apparatus is used.

5.3 Resolution assessment for projection viewing
apparatus

A test target shall be used, containing square wave
resolution patterns varying in spatial frequency and with
two mutually perpendicular orientations. The range of
frequencies included should be at least 20 to 60 line pairs
per millimetre and should include 40 line pairs per
millimetre. The dark bars of the test patterns shall have an
ISO visua diffuse transmission density, as defined in SO

11
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5-2 and ISO 5-3, at least 2,0 higher than the density of the
transparent background. A pattern having a given spatial
frequency shall be considered resolved if the sets of lines
of the projected image of that pattern, oriented both
radially to the centre of the field and tangentially to a
circle about the centre, are clear enough to be counted

with reasonable confidence. The concept of "reasonable
confidence" isintended to indicate alevel of confidence
that is somewhere between complete confidence and no
confidence at al. All resolution evaluations shall be made
with the optical system set at the same focus. A low-
power magnifying glass may be used.

12
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Summary of 1SO viewing conditions specified in this International Standard

Table A.1isdeemed to be informative since it is included for convenience and introduces no new specifications. It simply
summarizes the main normative reguirements specified throughout this International Standard.

Table A.1 Summary of SO viewing conditions

1SO viewing Reference Illuminance/ Colour rendering Metamerism 1llumination Surround
conglition illuminant and luminance index (according to |index (according uniformity luminous
chromaticity CIE 13.3) to CIE 51) (min:max) reflectance/
tolerance ® luminance/
illuminance
Critical Jomparison
Prints (P1) CIE 20001x £500Ix | General index: > 90 | Visddl: Cor |For surfacesupto | < 60 % (neutral
Illuminant D, | (should be + 250 | Special indicesfor |better(should be| 1mx 1m > 0.75 and matt)
(0,005) 1) samples 1to 8: > 80{\_B or better) For surfaces
Uv:<4 greater than 1m x
Im> 0.6
Transpprencies 1270 cd/m? General index: > 90 | Visua: Cor > 0,75 5% - 10 % of
Direct viewing CIE + 320 cd/m? Specialdndicesfor |better (should be the luminance
Ty Illuminant D, (should be samples1t08: > 80| B or better) level (neutra
(0,005) + 160 cd/ m?)° and extending at
least 50mm on
all sides)
Practica| appraisal CIE 500 Ix + 12571x | General index: > 90 | Visua: Cor > 0,75 < 60 % (neutral
of prifts (P2) Illuminant D, Special indicesfor |better (should be and matt)
(0,005) samples1t08: > 80| B or better)
uv:<4
Transgarencies CIE 1270 cd/ m®> |Genera index: > 90| Visua: Cor > 0,75 59% - 10 % of
Projectign viewing | Hluminant\Deg + 320 cd/ m? Special indicesfor |better (should be the luminance
T2 (0,005) samples1to8: > 80| B or better) level (neutra
and extending at
least 50 mm on
all sides)
Colour monitars CIE > 75 cd/ m? Not applicable Not applicable | Not applicable Neutral, and
Illuminant D (should be dark grey or
(0,025) > 100 cd/ m?) black ©

a  This specifiesthe relative spectral power distribution of the reference illuminant, except for colour monitorsin which case it specifies the chromaticity
of the white point of the monitor. Permitted tolerancesin chromaticity, from that of the reference illuminant, are given in parentheses. These are
specified at the plane of viewing, according to the 1976 u',,, v';, UCS system.

b When comparing atransparency to a print, the ratio of the luminance of the transparency illuminator to the equivalent illuminance of the print viewing
surface shall be 2 (+ 0,2):1.

¢ Theambient illumination for colour monitors should be less than or equal to 32 Ix and shall be less than or equal to 64 Ix.

© 1SO 2000 - All rights reserved
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B.1 Introducti

In order to establ
Internationa Sta

experimental wo
work was threefo
— to determine

most approp!

Annex B
(informative)

Experimental data leading to selection of metamerism indices
and referenceilluminant for thisInternational Standard

sh asuitable reference illuminant for this
dard, as well as determining tolerances
which are both agceptable and practical, a good deal of

k was carried out. The objective of the
d:

which reference illuminant would be

iate for specifying viewing conditions for

the evaluation of hardcopy images for both graphic
technology and photography;

— todefinethe

most appropriate measures of

acceptability| between this reference illuminant and

real sources
the viewing

together with any other components of
bnvironment); and

— to establish quitable tolerances for these measures.

Since it was cond dered important that any tolerances
specified were nqt unreasonably stringent, a small number
of practical sourdes were studied rather extensively.
Subsequently theqwork was extended to verify that a

reasonably large
use in industry, w

number of existing viewing apparatus,in
ere not significantly deviant fram these

tolerances, althoygh it would not be a concern if many
were somewhat qutside. Since much of thisviewing
apparatus had begn in use for some time, this would not be
considered unacdeptable. It isinevitablethat in such a
situation many viewing environmentswould be due to be

updated, or need
be hoped, and ex

fo have their sources replaced. It would
bected, that-such a situation would result

in the availability of sources.of viewing apparatus that are
more consistent With ofie-another than with older

equipment.

simulating the reference illuminant they could ngt be
spectrally similar to D,; supporters of this positipn
concluded that a new reference illuminant was therefore
more appropriate because of the metamerism described

earlier.

At the time this revision was started, proposals had already
emanated from the USA (though not finally agreed
nationally) to reduce the tolerance on chromaticity,
replace the reference source with F8 (arelative spectral
power distribution defined by CIE as "typical” of|
fluorescent tubes with a chromaticity the same a4
add a "band method" to reduce the incidence of
metamerism.

D,,) and

The 1SO joint working group felt that there was gubstantial

justification for considering these proposals. Hoyever, it
was agreed that it was deﬂ rable to undertake sone
e t was

B.2 Referenceilluminant and acceptability

tolerances

In the 1975 edition of this International Standard the
reference illuminant had been specified as D, and the
acceptability tolerances had been specified by alimit on

the permitted chr

omaticity deviation from D, together

with colour rendering indices as defined by CIE

publication 13.2.

However, in the intervening years,

various workers had expressed reservations about this
specification for quite different reasons. Many practical
users had been heard to comment on the wide variation in

14

also noted that the "band method" was not supported by
CIE who had, in 1981, published a procedure (CIE
publication 51) for verifying the acceptability of daylight
simulators. This provides a set of theoretical metamers for
each of the three reference illuminants Deg, Dgs and Do
and specifies a procedure for calculating a metamerism
index.

B.3 Metamerism index

The CIE method specifies eight theoretical metamers; that
is, the relative spectral power distribution for colours

© 1SO 2000 - All rights reserved
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which match (thereby giving a colour difference of 0) for a
specified illuminant and observer. Five of these are
metameric in the visible region of the spectrum, the other
three are fluorescent samples which are metameric with
respect to the ultraviol et radiation emitted by the source.
The specified procedure regquires measurement of the
relative spectral power distribution of the test source and
calculation of the tristimulus values for these metamers for
both the test and reference source, normalized by area
according to equation B.1, so that the assessment is
independent of the absolute level of illumination.

1 SO 3664:2000(E)

B.4 Experimental work

The experimental work undertaken initiall

y was divided

into three stages. The first was to evaluate whether there
was any advantage in using F8 as the reference illuminant.

The second was to determine whether the

metamers

proposed by extrapolation from those published in CIE
Publication No. 51 provided reasonable correlation with
the differences anticipated for practical metamers found in
practice. The third was to determine the effect of the
standard colorimetric observer selected. (The method

Qf\mificrl N ClE Publication No. 51 usesthe 1964
S (M) = 205 (B.1) Supplementary Standard Colorimetric Obgerver, whereas
ALY _ it is common practice in the graphic technology and
Z S(A)y 10 (1) AL) photograph industries to use the 1931 Starjdard
400 Colorimetric Observer).
where
In order to make this eyaluation, two addifional sets of
V1o 19the CIE 1964 Supplementary Standard metamers were cal culated, derived from pgractical samples.
Qolorimetric Observer Y 10 function, For the first set of¢metamers, the reference consisted of the
A igwavelength, spectral reflectance data listed in ANSI CGATS TR 001-
S igtheirradiance, and the subscript n denotes the 1995 for the-928 colours defined in 1SO 1P642. (These are
brmalized quantity. effectivelythe colours produced when theldata set is
printediaccording to the US Specifications for Web Offset

If the test pource has a different relative spectral power
distributiop from the reference illuminant, the metamers
are likely fo fail to match under the former; thereby giving
rise to a c@lour difference between each pair of metamers.
The magn{tude of this difference will depend upon the
differences between the relative energies of the test and
reference jlluminants. The CIE procedure then requines
that the differences be averaged to produce two indices,
one for the visible region and one for the ultravialet. A
category seale is defined which ranks the test source,
covering the range from A (best) to E (worst).

Unfortunately, CIE Publication 51/dees not provide
metamersfor Dg,. To enable thismethod to be used by the
Joint Task| Force, the necessary metamers were provided

by McCamy. He used the same reference data as that in
CIE Publigation 51 and-cal culated them from the metamers
provided ih that publication by extrapolation. The
resultant metamers; defined for illuminant D, and the CIE
1964 Supplementary Standard Colorimetric Observer, are
givenin Tpbles 2 and 3. It is anticipated that they will be

Publications - SWOP). The metamers to the SWOP

patches were calculated for the cyan, mag
dyes of a continuous tone dye diffusion pr
using a tristimulus matching algorithm. T
illuminant and observer combinations we
three sets of metameric matches (D, /CIH
Supplementary Standard Colorimetric Obs
1964 Supplementary Standard Colorimetr
D, /CIE 1931 Standard Colorimetric Obs
metamers cal culated were defined such th
colour difference (AE%,) of less than 0,02

The reference for the second set of metam

enta, and yellow
pofing printer,
hree reference
re used to derive
1964

server, F8 /CIE
¢ Observer, and
brver). The

gt they had a

ers consisted of

spectral reflectances for eight colour patch
offset inks according to 1SO 12647-2 (pap
metamers of these printed patches were ca
special matching algorithm with eight setq
magenta and yellow colorants belonging t
systems shown in Table B.1.

Six commercial fluorescent lamps (labelle

es printed with

er type 1). The

lculated using a
of cyan,

b the imaging

d A to F), all

accepted by CIE as an additional data set for CIE
Publication 51 in due course. Thefull details of the
derivation can be found in Color Research and.
Application, Volume 21, Number 3, pp 236-237, June
1996.

NOTE Subsequent to the preparation of the final draft of this
International Standard, the CIE has prepared and published
Supplement 1 to CIE Publication 51 which incorporates the
virtual metamers for CIE illuminant Dg,. The combination of
CIE Publication 51 and Supplement 1 isidentified as CIE
Publication 51.2-1999. The metamers included in Supplement 1
areidentical to those published in Color Research and
Application and included in this International Standard.

© 1SO 2000 - All rights reserved

nominally D, simulators, were measured
using all three sets of metamers described

and evaluated
above (the set

provided by McCamy, the set based on the SWOP
printing, and the set based on SO 12647-2). TablesB.2

and B.3 summarize the results of these cal

culations. The

deviation in chromaticity of the lamps from D, calculated
using the CIE 1976 Uniform Chromaticity Scale, is

included in the first column of each table
when this revision was started, that the tol
defined as acircle of radius 0,005 centred

It was proposed,
erance be
on the

chromaticity of Dg,. It should be noted that lamps C and F
do not meet the chromaticity recommendation.

Each table contains the CIE visible range

metamerism
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index (Ml,,s) based on the McCamy metamers (the average
colour difference for the five metamers). As described in
CIE Publication No. 51, the M1, 5 is converted to a
category scale, in which a"C" hasavalue ranging from
0,5t01,0, and a"D" ranging from 1,0 to 2,0. These results
show that most lamps fell within the category "C"
(proposed as the minimum in this specification), but that
two of them were outside this criteria.

Also shown in Tables B.2 and B.3 are the values for the
average and maximum AE’;b encountered W|th each
practical data set 5
with the metameljic differences obtained with d|fferent
imaging systems/ it may be seen that the index values fall
between the averpge and the maximum colour differences.
The “artificial” nmpetameric pairs used for the index
calculation may therefore be regarded as valid indicators of
metameric differgnces based on the comparison with
differences occurfing with real imaging systems.

The testing with the metamers based on the 928 SWOP
samples was al solextended to derive two additional sets of
metameric matches for F8 /CIE 1964 Supplementary
Standard Colorinetric Observer, and D, /CIE 1931
Standard Colorinetric Observer. Again the metamers
calculated were gefined such that they had a colour
difference (AE*%,) of lessthan 0,02. TablesB.4 and B.5
show these data. |(It should be noted that although the
Ml,,s and categofy data are shown in each table, these
values are only cglculated for D, and the CIE 1964
Supplementary Sandard Colorimetric Observer as defined

The average AE?*}, statistics were similar whether D, or F8
were taken as thg reference (with the CIE 1964
Supplementary Sandard Colorimetric Observer) and there
was no consistent change in deviation between the two sets
of results. The mjagnitude of the valueSwas generally
larger for the 1931 Standard Colorimeiric Observer, but
this was not uneXpected; it has been/reported before.

However, based ¢n the 928 SWOP samples, the relative
ranking between the lampswas very similar regardless of
which illuminant|or ohserver was taken as the reference
(see Tables B.3, B4,and B,5). The worst three were lamps

robust enough for application in this International
Standard. On the basis of the proposals made in this
International Standard only three of the lamps tested
would be acceptable. C would fail because of its
chromaticity, A because of its metamerism index and F on
both counts. However, it is probable that the first of these
lamps could easily be made acceptable by suitable design
of the apparatus. This"pass' rate was considered
acceptable in the interest of minimizing the difference
between products, as requested, by many users and led us
to confirm this specn‘lcatlon Support was given to this

a number
of Japanese lamps, not tested in th|s study, allcopformed
to the specifications proposed.

Asafinal validation of the proposalg:made in this
specification, 61 viewing apparatuses were meashred in
situ. It was found that only 11-% fully met the
chromaticity, colour rendering-and metamerism ijndex
criteria. Another 17 % met\the latter two but failled
slightly on chromaticity.)13% met the chromatigity and
colour rendering specification, but failed slightly|on the
metamerism indéx.7 % met the metamerism index and
chromaticity eriteria but failed slightly on colour
rendering. ‘The remaining 52 % failed on at leas] two
criteria bubin many cases the deviationsin both ¢ases
were relatively small.

Given that the maintenance schedule on these un|ts was
unknown, it was this data that gave us the final cpnfidence
that the specification proposed was about right. {Given the
requirement by the industry that deviations between the
viewing apparatuses be reduced, simply producing a
specification that includes al current apparatus that meets
the 1974 specification would be rather pointless.| By
reducing the chromaticity tolerance from that required in
1974, and adding the metamerism index, the indystrial
requirements should, in part at least, be met. Whilstitisa
guess, it seems likely that the number of these exjisting
units fully meeting the specification could be sighificantly
increased by cleaning and replacement of lamps.| Others
could be brought into line by suitable modificatign of the
apparatus itself (reflectors, diffusers, etc). But mjost
importantly, knowing that |lamps exist with satisfpctory
properties, it is clear that equipment vendors can|be

F> A > C, whileD, B, and E’sranking varied dlightly.
This ranking was the same when the proposed CIE Dy,
metamers were used. For thisreason, it was decided that
we should continue to specify D, as the reference
illuminant in this International Standard, to enable
consistency with existing products and use the CIE method
with the metamers proposed by McCamy. It was accepted
that the experimental data (despite the fact that it isfairly
extensive in itself) was fairly minimal in terms of the
possible variations which may be encountered in practice
and more data would always be welcome. When the data
for the 8 metamers based on the eight colour patches were
subsequently provided, it confirmed the view, as described
earlier, that the CIE method (based on illuminant Dg,) was
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expected to modify their designs to meet the new
specification. The only question must be whether the
lamp samples measured are taken from batches with large
or small distributions of the various criteria but we have
no reason to believe that those selected are untypical.

Thus, users who wish to improve communication by
reducing the deviation between their units and others can
choose to try and modify existing apparatus or purchase
new apparatus. This must be the compromise between
user requirements and practical production so important in
an International Standard. Of course, at the next revision
we may find that production has improved such that we
can further tighten the specification, only time will tell!
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