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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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Introduction

The ability to match colour images displayed on colour monitors to the images produced when the same
digital file is rendered by proofing and printing systems (commonly referred to as “soft” proofing) is
increasingly expected in graphic arts. Obtaining such a match is not simple and to be fully accurate requires
careful control of many aspects of the process. The prlmary purpose of this Internatlonal Standard is to make

acce

ray t
refre

parar
“stan
this p

Note
accu
requi
trans
recor

This
prima
Hows
this
comg
indep
imag
This
simu

hen possible
a consistent

isplay devices,

s other than

finest detail
with viewing

ion, freedom from flicker and glare (specular reflections with distinct images), the oito-electronic

btable quality. This International Standard is based on the us€)of'the flat panel display (FPD)
be display (CRT) technologies. It specifies the requirements for factors such as uniformity,

$h rate, size and spatial resolution. However, since these parameters are subject to imp
displa

y technology changes, this International Standard’,only defines minimum requiremer
heters. It is assumed that displays used for thisi purpose will always conform to acce
Hards” for computer-aided design (CAD), and generally provide quality levels considered a
urpose, where they offer an improvement overthe specifications herein.

that, even for displays of the highest quality, the appearance of the displayed image will be
acy of the colour transformation usedcfor converting the digital file from its encoded colour
formations, although the issues are discussed in an informative annex (Annex A), t
hmendations for achieving an.acceptable colour transformation.

International Standard_only considers the setting up of colour displays as “soft” proofin

ver, in some practical’situations, the image on the screen is evaluated in the absence of a
nternational Standard examples of two practical use cases are described. The first

arison of a softvproof with a hard copy proof; the second concerns the viewing of displ
endently ofiany hard copy image. For the viewing of displayed images independently of a
b, less restrictive requirements are sufficient, and they are stated separately in this Internatio
viewing is therefore concerned with modifying the “hard” and “soft” controls of the display t
ate“a proof. In this sense, it can be looked on as a “slave” device. However, it is in the intere

s a proofing
perties at an
and cathode
onvergence,
rovement as
ts for these
pted industry
cceptable for

imited by the
space to that

fed for display purposes. This (hternational Standard provides no formal specificatiops for these

bgether with

g devices. It

rily focuses on applications where the displayed image will be directly compared to @ hard copy.

hard copy. In
oncerns the
hyed images
ny hard copy
nal Standard.
D enable it to
sts of a CAD

user,

where the colour display in a real sense “originates” from the image, to set up the displa

y in a similar

way. This will enable simpler optimization of the colour transformation to the selected hard copy system used
for rendering the image, in order to produce an accurate reproduction, if this is an important requirement.
However, it is possible to undertake image processing to modify the image when rendered to make it look like
the displayed image (colour gamuts permitting) whatever the opto-electronic calibration of the display. This is
briefly discussed in Annex A.

Users of this International Standard will also benefit from CIE Publication 122[14l. Those unfamiliar with the

judgement of displays may also find it helpful to read IEC 61223-2-5[°1 which contains much useful detailed
information about evaluation and testing of image display devices.
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INTERNATIONAL STANDARD
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Graphic technology — Displays for colour proofing —
Characteristics and viewing conditions

1 3
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nternational Standard specifies the minimum requirements for the characteristics of display
ft proofing of colour images. Included are requirements for uniformity, convergence) refresh
nal size, spatial resolution and glare of the screen surface. The dependence of eolorimetric
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3.1

Terms, definitions and abbreviated terms

ormative references

nces, only the edition cited applies. For undated referénces, the latest edition of th
ment (including any amendments) applies.

664, Graphic technology and photography — Viewing‘conditions

3655:—1), Graphic technology — Spectral measurement and colorimetric computation for
DS
5790, Graphic technology and photegraphy — Certified reference materials for re
mission metrology — Documentation”and procedures for use, including determination
ard uncertainty

Publication 15, Colorimetry

Terms anddefinitions

Fort

3.1.1
calib

e purpeses of this document, the following terms and definitions apply.

ectrical drive signals and viewing direction, especially for flat panel displays,is|also specified.

s to be used
rate, display
broperties on

t. For dated
b referenced

graphic arts

flection and
of combined

$ion
CTOTT

operation of establishing that the measured values agree with the values specified by a standard or a
characterization process

3.1.2

characterization
process of relating device-dependent colour values to device-independent colour values

1) T

©I1SO

o be published. (Revision of ISO 13655:1996)

2008 — All rights reserved


https://standardsiso.com/api/?name=104eedbf8f0dba0eab6d3d8ae205502b

ISO 12646:2008(E)

3.1.3

convergence
ability of the three electron beams (R, G and B) to come together at a single spot on the surface of the CRT

(see 3.2)
NOTE
314

DVD
design view

Not applicable to FPDs (see 3.2).

ing direction

direction for which specific electro-optical characteristics of the display have been optimized

NOTE E

315
gamma

4

best-fit parar
presented to

L=S87
where

L isth

S isth
NOTE TH

gain and thus

3.1.6

hard copy p|
system for s
production

3.1.7
OFF-state
condition in

3.1.8
ON-state
condition in

amples of important electro-optical characteristics are maximum luminance and maximum contrast!

heter which relates the monitor normalized output luminance to a normalized/input digital

the monitor system including its hardware and software components as given in Equation (1):

e normalized output luminance;
e normalized input digital value

is definition is traditionally used in graphic technology for work with CRTs (see 3.2). It ignores offs¢
Hiffers from that in CIE Publication 12214l See als6 target gamma (3.1.12).

roofing system

imulating a printed image using ‘a/printing device which may be different from that use

Vhich the display is switched off

vhich thedisplay is switched on

is definition is important for light-valve-like displays, which might emit a significant light intensity even
darkest image (R = G = B = 0) in the ON-state.

value

(1)

bt and

d for

when

NOTE TH
displaying the
3.1.9

opto-electronic transfer function
relationship between the input values provided to, and the luminance values produced by, a display device

3.1.10
refresh rate

frequency with which the image on the screen is redrawn

NOTE

The refresh rate is expressed in Hertz (Hz).

© 1SO 2008 — All rights reserved
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3.1.11
RGB
additive process colour model where the channels are called Red, Green and Blue

[ISO

15930-7:2008, definition 3.29]

3.1.12

target gamma
gamma value specified by the vendor either as a single number characterizing the total range or piecewise as
a look-up table for inputs from 0 to 2”—1 (n-bit)

NOTE ho-target-gam

assumed to be identical.

3.1.1B
trac:]ing

cha

nel balance

procgss of ensuring (by adjustment of the amplifiers) that the relationship between the three g

displ

3.141

I‘y is balanced, so that for all levels equal values in each channel produce-a,neutral sensatio

view|ng cone

VvC

conigal space, originating at the display surface, that includes all viewing directions with a spec
inclinption 6

3.1.1p

surround

area

adjacent to the border of an image, which, ypon viewing the image, may affect the |

adaplation of the eye

3.2
CRT
FPD

LCD

4

4.1

The

Abbreviated terms
cathode ray tube display
flat panel display

liquid crystal display.

Requirements

Resolution

display resolution shall be sufficient for displaying an image of 1 280 pixels x 1 024 p

R 1l

channels are

hannels of a
N

fied angle of

pcal state of

xels without

ecified lines

't | ALl 4 - H o R H P P ol o 2 PAH l ol o
n el’pwauuu. VVITCTT a teot TTayT Wit UTTTCTTISIUTTS aS UTTITITU T V.2 TS UTopidyTUu vy a O\, dir S

shall be visible at a normal viewing distance (defined as 0,5 m for the purposes of this International Standard).

To avoid issues associated with interpolation, it is important to operate all displays at their intrinsic native
resolution.

4.2

Size

The display shall be capable of displaying an image having a diagonal measurement of at least 43 cm and a
height of at least 22 cm.

© 1SO 2008 — All rights reserved
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4.3 Refresh rate (CRTs only)

The refresh rate, non-interlaced, shall be at least 80 Hz.

4.4 Uniformity of luminance

The display should be visually uniform when displaying flat white, grey and black images. When measured as
described in 5.3, all luminance values should be within 5 % of the luminance of the centre and shall be within
10 % of it. There should also be no areas of significant visual non-uniformity between the points marked in

Figure 2.

For the entir¢ display, measured at least at the positions stated in 5.3, the chromaticity of every neutral image
(defined by pqual digital values for R, G, and B) shall be within a radius of 0,01 (in «',Vv' as.defined in
ISO 13655) from the chromaticity values measured at the centre of the display.

NOTE 1  THe uniformity of chromaticity is specified in 4.8.

NOTE2  THe uniformity tolerance of a radius of 0,01 (in «', v') of CIE 1976['2 corresponds to' an average C|ELAB
difference of 1|7 at a CIE L* value of 5 and a difference of 8,7 at a CIE L* value of 95.

4.5 Geometric accuracy (CRTs only)

When displalying the grid pattern specified in 5.4, the display should €ssentially be free of distortion| The
length of adjacent lines of the grid pattern shall be within 2 mm of each other and no line length shall degviate
by more thar] 2,5 mm from the mean length.

4.6 Conveérgence (CRTs only)

When displaying the grid pattern specified in 5.4, all lines-shall appear wholly free of colour fringing within the
central region (defined as the area within half the linear.diagonal distance). A small amount of fringing mpy be
accepted outside of this area but is not recommended.

4.7 Ambié¢nt illumination, surroundings-and environment

471 Gengdral

The luminange of the black level (R'= G = B = 0) in the ON-state, measured with a spectroradiometel or a
colorimeter in a dark room, asspecified in 5.6, shall not be greater than 200 % of the black level reading |n the
OFF-state.

The reflectivg¢ properties 'of the display surface in the OFF-state shall be judged visually in a darkroom uging a
point sourcel The reflection of the point source off the screen should appear hazy and should smgothly
decrease as pne taras away from the direction of specular reflection.

No strongly coloured surfaces (inr‘lnding rlnthing) should be present in the immediate environment

surrounding the monitor.

NOTE

4.7.2 Comparison of monitor and hard copy images

For the comparison of monitor and hard copy images, the following applies.

Display reflective properties can also be determined as specified in ISO 13406-2 for “unwanted reflections”.

a) It is necessary that the level of ambient illumination is sufficiently low. The luminance of a perfectly
reflecting diffuser, placed at the position of the faceplate of the monitor, with the monitor switched off
(OFF-state), shall not be greater than 1/4 of the monitor white point luminance (R = G =B = 255) and
should not be greater than 1/8 of the monitor white point luminance. These limits also apply when

4 © 1SO 2008 — All rights reserved
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measuring in any other plane which might affect the state of adaptation of the observer. The colour
temperature of the ambient light, such as room light, should be within £200 K of the colour temperature of

the illumination used in the viewing booth.

b) The luminance of the area surrounding the monitor shall not exceed 1/10 of the luminance of the monitor
showing a white screen (R = G = B = 255). The measurement shall be performed as specified in 5.6.

c) The conditions within the viewing booth shall conform to viewing condition P2 of ISO 3664.

d) No light from the viewing booth shall fall directly on the monitor.

e) [xtrameoustight, whetherfromtight-sourcesorreffected-by objects;statt-bebafftedfromrview and from
illuminating the print or other image being compared.

4.7.3| Viewing of single images

When viewing single images, the following applies.

a) The luminance of the area surrounding the monitor should not exceed-20.%, or preferably even 3 %, of
e luminance of the white point of the monitor. The measurement shalkbe performed as spetified in 5.6.
b) It is necessary that the level of ambient illumination is sufficiently low. The luminance qf a perfectly
flecting diffuser, placed at the position of the faceplate of<the monitor, with the monitor| switched off
OFF-state), shall not be greater than 1/4 of the monitor.white point luminance (R =G =B = 255) and
hould not be greater than 1/8 of the monitor white ¢oint luminance. These limits also| apply when
easuring in any other plane which might affect the state 'of adaptation of the observer.
OTE By keeping the level of ambient illuminatien significantly lower than the luminance level jof the monitor
hite point, the full contrast range of the monitor is @nsured not to be significantly reduced by the effects of veiling
lare. This also enables the observer to adapt «reasonably to the monitor. Given the luminance l¢vels currently
vailable with monitors whose white point is sef to D65, it is necessary that the level of ambient illumipation be less,
nd preferably much less, than 1/4 of the menitor's white luminance.
c) [xtraneous light, whether from light sources or reflected by objects, shall be baffled from view.
4.8 | Chromaticity, luminance of the white and black points, and tracking (channel|balance)
4.8.1) General
The black point of the\display shall have a luminance that is less than 1 % of the maximum lumjnance (i.e. a
lumirfance ratio of@atleast 100 to 1).
The Iuminanceé of the white displayed on the monitor shall be at least 80 cd/m?2 but preferably 160[cd/mZ2.
NOTH 1 In cases where the gradation of the white point cannot be adjusted by hardware means, arld the white is
thereforé_achieved by altering look-up tables in the driver software, one of the channels ought to be set to] the maximum
digital value.
NOTE 2 The display ought to be set at luminance levels lower than or equal to those recommended by the
manufacturer.

4.8.2 Comparison of monitor and hard copy images

At the centre of the white image defined in 5.3, the chromaticity of the display should be set to that of D50;

namely u' = 0,209 2, v' = 0,488 1 (as specified in CIE Publication 15). The chromaticity obtained,

for the white

point chosen by the software application vendor, shall be within a circle of radius 0,005 from this point.

© 1SO 2008 — All rights reserved
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The luminance of the monitor should be as high as necessary to visually match an unprinted sheet of white
paper located close to the monitor having an illuminance of 500 Ix, as specified in ISO 3664 for viewing

condition P2.

If that is not possible, the luminance shall be at least 80 cd/m? but preferably 160 cd/m?2.

The conditions within the viewing booth shall conform to viewing condition P2 of ISO 3664.

4.8.3 Viewing of single images

At the centre of the white image defined in 5.3, the chromaticity of the display should be set to that of D50;
namely ' = 0,209 2, v/ = 0,488 1 (as defined in CIE Publication 15) but it may be set to that of a higher colour

temperature

such as D65.

NOTE

many users p
monitors, a ¢
permits a high

49 Gamn

The value of
2,4. The lum

The luminan
lightness, hg
normalized

normalized target luminance in every case.

NOTE 1 Sq
ways, it is pre
referred to Cl
explanation of]
gamma) and H

NOTE2 Td
range of 1,8 tg

4.10 Color

For at least
greater than
colour, the c
point chosen
shall be calc

W\l-‘
adapting stimdl

en viewed under the conditions specified in 4.8.1 to 4.8.2, the CRT monitor itself will provide the'p
us to the eye. The chromaticity of the white of the monitor is not very important in this situatjon, alt
efer that it be close to that of D65. There is some evidence that, at the low luminance levels obtaine]
hromaticity close to that of D65 provides a better evocation of white. Furthermore, such”a chrom
er level of luminance to be achieved with current display technology.

na

the target gamma of the display should be chosen, by the vendor, 4o fall into the range of
nance measurement shall be performed as specified in 5.6.

Ce shall be measured for at least 10 neutral colours (R = G =B), approximately equally spag
ving a luminance greater than 1 % of the maximum Juminance. The deviation betwee
measured luminance and the normalized target luminance shall not exceed 10 % o

me standards (such as IEC 61966-2-1['"]) suggestithat, since the term gamma has been used in v
erable not to use it at all to avoid possible ambiguity. Those requiring further information on the subje
F Publication 122141 and to the paper by Anderson et a/l'®l. The paper by Anderson et a/l'8l in
some of the terms that have been in commg@n use (including system gamma, monitor gamma and eng
ow they relate to the definition in CIE Publication 122 [14],

ne reproductions such as defined by CIE L* lightness are considered to lie within the specified g
2,4 defined in this International ‘Standard.

metric accuracy and grey balance

10 neutral colours+R = G = B), approximately equally spaced in lightness, having a lumin
1 % of the maximum luminance, the tristimulus values shall be measured. For each n
lour difference, AE, between these measured values and the CIELAB values (utilizing the
in 4.8.2 or4.8.3), which are intended to be displayed by the software characterizing the dis
llated in-accordance with Equation (2):

imary
hough
0 with
aticity

8 to

ed in
h the
f the

Brious
ct are
ludes
oding

amma

ance
putral
white

play,

(K)? + (AR *)2
AY 7 \ 7

()

AEG =
where

Aa* is

Ab* s

the difference for the CIELAB (red-green opponent) co-ordinate;

the difference for the CIELAB (yellow-blue) co-ordinate.

The deviation shall not exceed 3 and preferably not 2.

A reference RGB data file comprising at least five equally spaced code values for each channel (e.g. R =0, 63,
127, 191 and 255, using 8-bit coding) and all combinations among the other channels, having a luminance
greater than 1 % of the maximum luminance, shall be displayed and measured at the centre of the display.
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The measured tristimulus values shall be transformed to CIELAB values using the white point chosen by the
software application vendor. The average of the CIE 1976 [2] colour differences between these values and
the CIELAB values intended to be displayed by the software characterizing the display [e.g. an ICC?2) monitor
profile] shall not exceed 5 and preferably not 2. The maximum colour difference shall not exceed 10 and
preferably not 4.

NOTE For high quality print work, a deviation of AE_ < 1 is advisable.

4.11 Directional variation of luminance and chroma (FPDs only)

The angles defined in 5.6.2.1 shall be measured in the viewing cone. The guantities listed in 5.6.2.1 shall be
evaluated at least for the drive states R=G =B =255 and R=G =B =127 (8-bit data) and should be
evaldated for the 10 neutral colours defined in 4.10.

The CIE Y luminance at each measured angle shall be compared with the luminance at the DVD. The
maximum luminance deviation should not exceed 10 % and shall not exceed 30 %.

In thg contrast inversion test, for a given RGB drive state, and for all points on_the display, the Juminance at
anglgs off the DVD shall not exceed the luminance at the DVD.

The golour difference, AE_, defined in 4.10, shall not exceed 10 and preferably not 2,5.

5 Test methods

5.1 | Preparation and instrument set-up

Prior|to any measurement, the display shall be swif¢ched on and allowed to warm up for a peri¢pd of at least
30 m|n (a warm-up period of 2 h is recommended) at approximately 85 % of the maximum lumipance, at the
chromaticity of the D50 white point.

All measurements shall be carried out-en~the calibrated and characterized display. The infofmation (e.g.
calibfation process, software used, ICC profiles) necessary to describe and repeat the measurenjents shall be
reported with the data.

If nofj otherwise required, all measurements shall be carried out at the DVD and in contact with the faceplate.
They|shall be in accordancé with 5.6. If no design viewing condition is stated by the vendor, the hormal to the
display surface shall be used instead.

5.2 | Resolution (CRTs only)

A test image,\consisting of a number of fields, each composed of white and black lines of varying frequency,
as stlown in.Figure 1 a), shall be displayed in various positions and orientations as shown in Figure 1 b). The
lines jand‘spaces are equal in width for each field, and range from 0,5 mm to 0,2 mm in intervals gf 0,05 mm.

When viewed normally, and at a typical viewing distance (approximately 0,5 m), the lines labelled “D” shall be
clearly distinguishable, and those labelled “F” should be clearly distinguishable, for all images within the
central region of the display. (The central region is defined as that within half the diagonal distance.) Any
images outside of this region may have a resolution which is poorer by 0,05 mm.

It is assumed that the observer making this assessment has reasonable vision (though possibly aided by
spectacles). No additional magnifier should be used.

2) ICC: International Color Consortium.
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A lineands
B lineands
C lineands
D lineands
E lineands
F lineands
G lineands
5.3 Unifo
The uniformi

shall consist

E F G

a) Resolution target

pacing width 0,50 mm
pacing width 0,45 mm
pacing width 0,40 mm
pacing width 0,35 mm
pacing width 0,30 mm
pbacing width 0,25 mm
pacing width 0,20 mm
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b) Layout of resolution targets

Figure 1 — Resolution test image

y(shall be determined for white, grey and black images that each fill the screen. The white i

of the maximunT vatueimeach of the Red; Greemand Biue chanmets (255 for 8 bit)—The

image should consist of approximately half of the maximum value in each channel (127 for 8 bit), and the
black should consist of approximately a quarter of the maximum value in each channel (63 for 8 bit) but shall

be greater than 10 % of the maximum digital code value (26 for 8 bit).

For each level, at least 9 points of the image area of the screen shall be measured; see Figure 2.

© 1SO 2008 — All rights reserved


https://standardsiso.com/api/?name=104eedbf8f0dba0eab6d3d8ae205502b

Key
h h
b W

5.4

Georf
IEC 6
more
be 2
boun

proce

]

ISO 12646:2008(E)

ARAVARWAR
NNV
ARAVEARWAR
NNV
ARAVEARWAR
NNV

b/ L b/L b/L

A
A
A

Y
A
Y

A

 J

bight of display
idth of display

Figure 2 — Positions for measurement.of uniformity

Geometric accuracy (CRTs only)
hetric accuracy shall be evaluated using the_ test pattern shown in Figure 3 (derived from f
1223-2-591). This pattern shall be displayed as black on white. It shall have at least 11

than 17 lines (preferably an odd number),”in both horizontal and vertical orientations, and t
display pixels wide. All lines shall be_of the same length. The pattern shall have an ider

dure derived from that givenJiniEC 61223-2-5.
isually assess the boundary pattern to ensure it is all present.
isually assess the circle for distortion, which should be negligible.

leasure the lengths of the lines.

hat shown in
ines, and no
ne lines shall
tifiable outer

Hary to ensure accurate positioning)of the pattern on the display and shall contain the cifcle inscribed
within the boundary to aid the visual assessment. The pattern should be assessed according to

the following
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[ dimensior] of display

Rigure 3 — Grid pattern for assessment of convergence and geometric accuracy

5.5 Convérgence (CRTs only)

Convergenceg shall be evaluated using the_grid lines of the test pattern shown in Figure 3 and assg¢ssed
visually.

NOTE Ag stated in 5.4, the grid lines 0f'Figure 3 are 2 display pixels in width.
5.6 Meastirement conditions

5.6.1 Photpmetric and;colorimetric measurements

5.6.1.1 The following requirements pertain to measurements either at the faceplate of the display|or at
some distance/The measurement at the faceplate of the display shall be carried out using either a
spectroradiofneter or a tristimulus colorimeter. The measurement at some distance from the faceplate 1f the
display shall be carried out in a dark room with the configuration shown in Figure 4. The distance d shall not
be less than four times the effective screen height, %, i.e. d > 4h. For both cases, the optical axis of the
instrument shall be perpendicular to the surface of the display.

5.6.1.2 Spectroradiometers shall comply with the following requirements.
a) The wavelength range shall extend from 400 nm to 720 nm.

b) The angular subtense of the field of measurement shall be less than 5°, see Figure 4. The distance d
shall be chosen such that the number of pixels sampled during measurement is at least 150.

c) The reported chromaticity coordinates shall be of such a precision that the CIE xy results for illuminant A
lie within a radius of less than 0,005.
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d) The 2k uncertainty of the wavelength, where £ is the coverage factor defined in ISO 15790, should be less
than 0,5 nm and shall be less than 1 nm, as described in the wavelength standard used.

e) The reference for spectral data shall be based on computed data at 1 nm intervals where the spectral
response function is triangular with a 1 nm bandwidth at the half-power point.

f) The sampling interval should be 5 nm and shall not exceed 10 nm. The bandwidth, as defined in
ISO 13655, shall be identical to the sampling interval. If the measurements are taken at sampling
intervals smaller than 5 nm, the procedure for widening the bandwidth specified in 1SO 13655:—,
Annex A, shall be used for deriving and reporting data at 5 nm intervals.

9) of the white

¢ better than

h) For FPDs only, the polarization error of the instrument is limited as follows: the \ariations, |measured at
ffve azimuthal positions of the instrument, spaced 30° apart, shall be less~than 5 % wifh respect to
Iuminance and less than 0,002 with respect to CIE u'v'.

5.6.1{3 Tristimulus colorimeters shall comply with the following requiremeénts.

a) The angular subtense of the field of measurement shall be less,than 5°; see Figure 4. The distance d
ghall be chosen such that the number of pixels sampled duringdmeasurement is at least 150.

b) The repeatability (stability) shall be less than 0,001 for CIExy and 0,5 % for the luminance Using a stable
llght source having a luminance higher than 80 cd/m?2.

c) The reported chromaticity co-ordinates shall be so\precise that the CIE xy results for illuminapt A lie within
a radius of less than 0,005.

NOTE llluminant A is chosen for traceability measurements because of its practicality and ease of realization.

Key

1 FPD

2 field of measurement

3  spectroradiometer or colorimeter

h  height of active display area

d distance

Figure 4 — Set-up for non-contact measurements (adapted from IEC 61966-4[10])
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5.6.2 Measurements as a function of viewing direction
5.6.2.1  Angle definitions

For the purpose of these measurements, the following definitions apply. The azimuth angle, ¢, is measured

anti-clockwise from the 3 o’clock position; see Figure 5. The inclination angle, 6, is measured from the surface
normal n.

NOTE For more information on co-ordinates and viewing, see ISO 13406-2[6!,

<N

Key

1 DVD

2 surface ngrmal (n)

3 viewing cgne

4  point defiing the measurement direction with respect to #and ¢

5 FPD

2 angle df inclination~of measurement direction with respect to the surface normal
o, angle df inclination of the normal with respect to the DVD

0,ax Maximyim angle of inclination with respect to the surface normal
angle (]‘f azimuth of measurement direction

Figure 5 — Spherical co-ordinate system
5.6.2.2 Viewing cone

Measurements of the directional luminance and colorimetric distribution shall be carried out in a darkroom, at
the centre of the display, using conoscopical measurements or other instrumentation capable of measuring
the colorimetric properties for different angles of azimuth and inclination (see Becker [17]).

The measurement shall be carried out in specific equally spaced directions of the so-called viewing cone; see

Figure 5. The viewing cone is limited by the maximum angle of inclination, 6,,,, which shall be at least =30°
but preferably at least +60°. The minimal azimuth angle steps shall not exceed 45° but preferably should not
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exceed 15°. The minimum inclination angle steps shall not exceed 15° but preferably should not exceed 5°.
This defines a lower limit of 17 directions within and including the edge of the viewing cone.

NOTE The viewing cone described corresponds to the viewing direction range class Il of ISO 13406-2161.

If two people are to view the monitor simultaneously, at a comfortable viewing distance, a cone angle of at
least £60° is considered essential.
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Annex A
(informative)

Characterization and calibration

A.1 Matching colour between hard copy and soft copy proofs

A.1.1 Evern
that a displa
achieve a co
which the im
system. Thu
magenta —
proofs. This

when the display meets the requirements of this International Standard, it does not guasgntee
yed (soft copy) image will match the colour of the same image produced on the hard\eopy. To
our match, it is necessary to provide a colour transformation, such that the colour-data forrpat in
age is encoded can be transformed into that required by the colour display and\the hard|copy
5, if an image is encoded in a CIE colour space or in some arbitrary RGB-oryCMYK (cypn —

yellow — black) format, it will be necessary to transform it to provide a colour match betwegdn the

transformation wiII normally be achieved by means of a colour management system po siny

based on the
monitor-drive
1ISO 15076-1

A1.2 For¢
may be defin
gamma, as di
can usually
necessary to
the correctio
function correction to take account of the non-linearity \réquired in such a correction, particularly
luminance lepels. However, when parameters for gain_and offset are included, a simple power function u
provides a rdasonably acceptable model.

modify the transformation calculation, as discussed.in CIE Publication 122 [14]. Note that without
n for gain and offset, the function for gamma will-normally be more complex than a simple gower
low
sually

s. In
LCD
neral

A13 The
particular, th

simple model described in A.1.2(may not be applicable to colour LCD flat panel displa
e gamma function characteristic familiar to users of CRT displays may be quite different for
displays, in which it is quite possibly noétia constant. However, although at the present time no ge
recommenddtions are available for the ‘opto-electronic transfer characteristics of such displays, they ca
included within this International Standard providing that the display drivers are modified to achievg

specification]| This could be arrapged, for example, by means of a three-dimensional look-up table storfed in
the ICC profile of interest

A.1.4 It shpuld also be<neted that viewing conditions significantly affect colour appearance, and so when
comparing different media‘in which the viewing conditions may differ and the physical stimulus charactefistics
differ also, a|colorimetric match does not always accurately predict a perceived colour match. This makes it
difficult to sp=0|fy absolute Color|metr|c target values and tolerances for both print and display, unIess vigwing
conditions al

often obtained when the tristimulus values of the colours displayed match those of the proofs. In general this
will be approximately true for the viewing conditions of display and proof specified in 4.7 as well as in
ISO 3664. This also helps in the simulation of the proof. It is also necessary to use the print-viewing conditions
from ISO 3664 which specifies a lower level of illumination (viewing condition P2) if the display and proof are
to be compared. If such conditions are assumed, a simple measurement of colour difference for a range of
colours will usually prove fairly effective in assessing characterization accuracy. However, in general the eye
is used as the final arbiter in assessing the colour match between a soft copy and a hard copy proof and the
colour transformation modified accordingly.

A.1.5 If the ambient conditions do not meet those specified in this International Standard, and particularly if
excessive viewing flare is present, the colour management software will have to modify tone and colour
reproduction accordingly and a colorimetric match will not be obtained. In such a situation, the use of a colour
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