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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 non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

The use of images displayed on a colour monitor is increasingly being used in the graphic arts industry
for colour evaluation and colour acceptance (commonly referred to as “soft” proofing). This requires
that the colour display and its associated viewing environment be able to simulate the appearance of
the final printed image viewed under standard graphic arts viewing conditions. The major components
required to accomplish this are assembled to create a soft proofing system which is usually comprised
of a monitor, colour measurement device, driving software (for calibration, profiling the monitor, and
displaying the data), and a viewing cabinet. The overall design and calibration has to control and take

into account the influence of ambient lighting.
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e use of soft proofing increases, the need for an objective and vendor neutral asséss
fing systems is steadily increasing. This International Standard specifies requiremerntg
hre used to produce, from digital data, images on electronic displays that are,intended
racterized printing condition defined by a set of characterization data and §pot colour
rsical reference.

International Standard builds on the monitor requirements definédyin ISO 12646,
let defined in ISO 3664, and the requirements for contract hard copy-proofing defined in

e common soft proof scenarios are typically encountered, In-the first scenario, a §
ayed on a monitor without an associated viewing cabinet. limthe second scenario, a viev
ociated with the monitor. In the third, the monitor is a part'of, and built-into, a viewin

test how closely the displayed image simulates the encoded:colorimetric data of the origina

need
repr
light

The

mon
ther
mon
a chg

With

to differentiate between these three scenarios. However, to assess the similarity of t
pduction (as described in this standard) to a reference print, a viewing cabinet or cont
ng is required.

pbjective assessment of a soft proofing display system is carried out in three step
tor and the viewing cabinet are tested €o ensure that these components are capable

tor and the display driving software-is tested. Third, the simulation of an output condi
racterized printing condition, is\assessed.

respectto the data handling'and display driving software, a separation is made betwee}

of thie display and the simufation of a given colorimetric reference, termed simulation.

focus
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of the display drivingsoftware lies in the accurate characterization of the display. Thi
mplished by a contaet measurement device.

let (or a roonilighting setup to function as a viewing cabinet) and the effect of amb

imetry-of“the display as seen from the viewer position. For that reason, telespectrd
ngs are required at this stage of evaluation.

ment of soft
for systems
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s defined by

the viewing
[SO 12647-7.
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b cabinet. To
, there is no
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rolled room

s. First, the
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esults needed to produce a high quality soft proof. Second, the capability of the combination of the

tion, usually

1 the driving
'he primary
5 is typically

the display dévice itself is evaluated, the integration of the display and any associated viewing

ent lighting

o be evatuated. The simulation of an intended characterized printing condition represents the

radiometric
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viewing cabinet often occurs in situations where a printed product, like a newspaper or offset print,
is being evaluated with respect to the soft copy proof in the absence of a hard copy proof. In this case,
there is active research as to how a concrete document can be shown reliably in order to facilitate it as
a contract proof or reference in disputes of colour difference.

The use of a standalone display in uncontrolled ambient lighting is not subject of this International
Standard because the final visual appearance of a soft proof on a display cannot be judged without
taking into account the influence of the ambient light, even when the soft proof is viewed alone, without
comparison to a physical object like a proof print, production print, or product sample.

Obtaining a good soft proof simulation of a reference is not simple and to be fully accurate requires
careful control of many aspects of the process. The primary purpose of this International Standard is to
establish the criteria and tolerances needed to evaluate a complete soft proofing system.
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INTERNATIONAL STANDARD ISO 14861:2015(E)

Graphic technology — Requirements for colour soft
proofing systems

1 Scope

This InternatlonalStandard specifies requlrements for systemsthatare usedto produce fromdigitaldata,
ition defined
by alset of characterization data and spot colours defined by a physical reference. Recdnmendations
i conditions.

Apprjopriate test methods associated with these requirements are specified.

ormative references

The following documents, in whole or in part, are normatively referérnced in this docunient and are
indigpensable for its application. For dated references, only the edition cited applies. For undated
referjences, the latest edition of the referenced document (including any amendments) applies.

[SO 3664, Graphic technology and photography — Viewing conditions

ISO 12639, Graphic technology — Prepress digital data‘exchange — Tag image file formqt for image
technology (TIFF/IT)

ISO 12646, Graphic technology — Displays for coloukproofing — Characteristics and viewing|conditions

ISO 12647-7, Graphic technology — Process control for the production of half-tone colour separations, proof
and production prints — Part 7: Proofing proeesses working directly from digital data

ISO 15930, Graphic technology — Prepress digital data exchange using PDF

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

3.1
display
electironic device¢apable of visibly communicating information

3.2
charjacterized printing condition
printing, condition for which process control aims are deflned and for Wthh the relatlons hip between

i = PR a1 L CMVIZY o 41 1 Iz +h P2 EERONO
lrlpu uata Pt uluus tohre vcuuco, uouau_y CIVIIIx ot the-cotortnets y OT I }11 Htea TTrag’c 1S iocumented

[SOURCE: ISO 15930-8:2010, 3.1]

3.3
power off
condition in which the display (3.1) is switched off

3.4

soft proof

visualization of colour image data using a display (3.1) with the intent of synthesizing the colour
appearance under a defined illumination and viewing condition

© IS0 2015 - All rights reserved 1
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soft proofing system
system of hardware and software components used to reproduce the colour appearance for a specific

viewing con

3.6

dition

spectroradiometer
instrument for measuring radiometric quantities in narrow wavelength intervals over a given spectral

region

[SOURCE: IE

C 60050-845:1987 17.4]

3.7

telespectrd
spectroradid
distance fro|

[SOURCE: IS

Note 1 to en
area thatisi
displays (3.1)
as the radian
noted in the 1

Note 2 to en
apertures (tg
optics inside
full conformd

3.8
surround

area adjacent to the border of an image which,upon viewing the image, can affect the local stg

adaptation

39

viewing cabinet

area of cont
intensity an

4 Requil

4.1 Data

Soft copy pr
or shall accq

radiometer
meter (3.6) that uses an optical relay component to allow measurements to be mads
m the specimen

0 13655:2009, 3.12]

aged will not produce constant results unless the source is perfectly. uniform. The surface of]
are not uniform enough for the radiance from a 25 mm diameter area'to produce the same rq
ce from a 10 mm diameter area. The distance to the display face and the cone half angle needs
eport.

fry: While some instruments of this type have obvious external input optics such as lense
lescopic optics), many simpler, portable instruments used-in graphic reproduction have such

the instrument housing and may have the ability to beu$ed as a non-contact spectroradiomete
nce with this definition.

fthe eye

rolled illumination (usually’enclosed on the sides and back) intended to provide a speg
d spectral power distribution to allow consistency viewing of a specimen

‘ements

delivery

bofing Systems shall accept digital data delivered as PDF/X data files as defined in ISO 1

at a

ry: The measurement of spectral radiance is independent of the distange from the source, biit the

most
sults
to be

5 and
input
with

te of

ified

5930

pt-digital data delivered as TIFF/IT files as defined in ISO 12639. Where TIFF/IT file

S are

used, colou

NOTE

Inrormation shall be included using tag 346/5 or tag 54U4%Y as delined 1n 15U 1265%5.

PDF/X-1a requires that the intended printing condition be indicated. Where the intended printing

condition is included in the registry of characterizations maintained by the International Color Consortium (ICC)
and the digital data are cyan-magenta-yellow-key (black) (CMYK), the name used in the ICC registry is usually
used for identification in lieu of including an ICC output profile. If the intended printing condition is not included
in the said registry, PDF/X-1a requires that an ICC output profile be included.

4.2 Display requirements

The displays used for soft proofing shall meet either the class A or class B requirements of [ISO 12646.

© ISO 2015 - All rights reserved
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Viewing condition requirements

4.3.1 General

The visual environment should be designed to minimize interference with the viewing task. It is
important to eliminate extraneous conditions that affect the appraisal of images on the display and
prints in the viewing cabinet. There are many potential variations possible in soft proofing setups. To
minimize variations, specific requirements are needed. In this International Standard, the final colour
stimulus will be judged by instrumental measurements with specific requirements. For this reason, no
additional normative requirements are provided for the position of the display.

Prin
(but
noth
level
refle
matd
Plo
or P4

The

This
the |
displ
limit
unifd

Whe
defin

4.3.2

The

cabiy

a)

b)

d)

fipally, there are two different setups. The first environment consists of a display situl
not inside) a dedicated viewing cabinet. Here, the ambient shall be controlled so that

aving a significant impact on the displayed image or its surround. In this situation;the
inside the viewing cabinet can be adjusted with the aid of a telespectrophotemeter
cted luminance from a sheet of paper (possibly containing a simulation of¢he intended
h the displayed simulation of the intended paper. If an illuminance levelis’heeded that
" P2, this level should be used in the ISO 3664 evaluation test (in addition to the defin

).
9
is the case, for example, when a display is placed in a viewing<abinet next to a printing]
iew booth illumination upon the display screen should/be/minimized as much as pd
ay hoods, for example. For such systems, the cabinetiilluminance, again, may not bg
s specified in ISO 3664 when compensation is provided to achieve a match in luminar
rmity match between print and display.

ed in ISO 3664 shall be applied (of the objegts to be soft proofed).

Displays to be used alone

following guidelines should be used for cases where a display is used independently
jet:

the luminance of a perfeetly'reflecting diffuser placed at the position of the faceplate o
and behind any anti-reflection shields) with the display switched off (power off) s}

greater than 1/4 of thedisplay white point luminance (R = G = B = 255 for 8-bit display

]
I

NOTE This correlates to a colour change due to the added display reflection of about D
ypical currentflat panel display.

the display frame, the surround of the display, desks, walls, and everything in the field of]
Ibe nearneutral to ensure that no saturated chromatic elements affect the chromatic a
the“observer. For the display frame, grey would be the best colour, but black or white

ated next to
stray light is
illuminance

so that the
| paper) will
differs from
ed levels P1

econd environment includes setups where illumination upon thé display is intended or §inavoidable.

press. Here,
ssible using
e within the
ce level and

n there is no dedicated viewing cabinet to be tested by the manufacturer in a dark roonp, all criteria

bf a viewing

f the display
ould not be

5);
EOO =1 for a
view should

daptation of
can also be

yiséd. Silver or aluminium display frames are not suited because of the glare. For walls

and desks, a

neutral grey would also be best, but white can also be used;

display hoods should be used to minimize the influence by surrounding illumination reflecting on

the display surface. The hood should cover the display face from top and both sides;

the desktop and the keyboard should be neutral coloured and have a low reflectance. The top hood

should be reasonably deep, from display face to the front edge, but not be oppressive.

The colorimetric difference between the characterization printing condition and the measured display
by using patches compliant to ISO 12647-7 control strip shall be within the tolerances stipulated in
Table 3.

© ISO 2015 - All rights reserved
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ay driving and simulation requirements

4.4.1 General

First, a calibration shall be conducted in accordance with the manufacturer’s requirements. A visual
fine-tuning of the soft proofing system may be applied.

For each characterization printing condition to be tested, only the patches listed in Annex B, in addition
to any desired spot colour patches, shall be printed. These patches shall be printed with a minimal patch
size of 10 cm by 10 cm. These prints are subject for sequential presentation and measurement in the
centre of the intended viewing plane for the scrutiny of the simulation accuracy. In case spot colours are

to be repro
the same w4

Printed patg
a characteri
characteriz

NOTE Fq

4.4.2 Tesf

4.4.2.1 Gq

A soft copy
measured W
characteriz:
at the centr
length of th
driving, the
to calibrate
measureme
observer) v

NOTE1 Di
that the color
ameans of re

NOTEZ A

uced, they shall be defined by uniform print samples. They will be presented and meag
y as the prints before.

hes shall meet a tighter tolerance than that specified in ISO 12647-7, i.e. patches'Simul
zation print conditions shall have AEgpavg < 2, AEggmax < 3 with respect,tothe refer
ition data and each spot colour patch shall have AEgg < 1,5.

[ing of display driving

tneral

rith a spectroradiometer, displays the colorimetry’defined by the characterization c
ition data associated with the content data file. The colours shall be displayed and meagq
e of the display sequentially. The centre is defined as the area which is at least 1/4 g
e display from the inside border including the innermost 1/4 of the display. To test di
measurement device (spectroradiometér or colorimeter, both in contact or distance)
and profile the system shall be used.If a system specific calibration is used, the corr¢
t (matched to a reference measurement device to reflect variations among normal sig
llues shall be recorded instead of-the raw measurement data.

splays with a built-in colorimeter which measures off the centre of the display may be used proy
imeter has been correlated tethe measurement at the centre of display with reliable equipmer
-correlation is provided.

system specific calibration refers to a correction that is applicable for a defined type of mg

and/or measyirement device fto.compensate for systematic effects). This is used by soft proofing systems sy

those from K

4.4.2.2 Cd

DDAK or remefte director.

lorimetric accuracy

The colori

etric.accuracy is evaluated by how well the display to be tested is characterized by it

ured

ating
ence

r many soft proofing systems, an A4 sheet size is practical and easy to handlefor the measurenjents.

proofing system shall adjust incoming image content data so that the display coloyr, as

blour
ured
f the
splay
used
pcted
hted

iding
tand

nitor
chas

s ICC

disp]ay pro ile-0r other means of colour transformation It consists of twao tests

First, the 318 RGB patches defined in Annex A should be directly displayed and measured. The colour
differences between the measurements and values predicted by the profile (absolute colorimetric
rendering) should conform to the tolerances defined in Table 1. Colours identified to be in gamut for the
reference printing condition should be displayed and measured and should conform to AEgg < 2,5.

Tabl

e 1 — Tolerances for profile accuracy based on the RGB set defined in Annex A

Tolerance
Mean AEgg < 2,5
99 Percentile AEgg < 4,5

RGB code values
All

Criteria

Profile accuracy
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Second, for each reference printing condition to be tested, the so-called outer gamut patches defined in
ISO 12647-7 will be displayed and measured at the display sequentially. The tolerances are specified in

Table 2.
Table 2 — Tolerances for outer gamut patches defined in I1SO 12647-7
Criteria Tone value patches Tolerance
Gamut 226 outer gamut patches defined in ISO 12647-7 Maximum AEgg < 2,52

a

If the colour differences exceed the tolerances, the soft proofing application should have an option to show a pixel-based
gamut-warning.

NOTH
accuf
repoj

4.4.2

4.4.2
The

Tests of calibration (also known as driving accuracy) accuracy are not normative sincé.oy

ted because a specific display calibration can be beneficial for some soft proofing systems.
.3 Uniformity evaluation

.3.1 General

uniformity of a soft proofing system is vital and be checked~fer solid colours and

(gradlation) changes of the screen. It shall be reported and if hardware based, look up t|

COrr¢

4.4.2

The
maxi
valug

abo
of m

bctions are turned on (if present).

.3.2 Evaluation of tone uniformity

CIELAB values of a uniform 5 x 5 grid are calculated using the measurement of the cer
mum driving as the reference white illuminant. Note that this method may result in
s being greater than 100. 24 readings are‘compared with the centre colour for thi

drivuil‘rzlg levels namely white at the maximum~driving level (R = G = B = 255 for 8-bit displ

half maximum driving level (R = G = B'= 127 for 8-bit displays), and dark grey at aboy
hximum driving level (R = G = B =63 for 8-bit displays) by means of the DE0O coloy

formlulae.[2] For the white and the gréy)driving levels, the DE0OO colour differences shall be

than

4.4.2

Utilif
8-bit
shall
be cd
thec
devii

T

four and should be equal or less than two.

.3.3 Tonality evaluation (uniformity)

ring luminance (cdZm?) measurements of grey at half maximum driving level (R = G 3
displays) and whife at max driving level (R = G = B = 255 for 8-bit displays), the grey|
be calculatedfor the 25 regions. For the non-central regions, new ratios, Tj, with i = {
mputed by:dividing the individual grey/white ratios, R, with i ={1,...,24} by the grey/w
entre, Rg.and subtracting one and calculating the absolute value of the number. This m4
ition from uniform tonality shall be less than 10 %, i.e. max (7j), i = {1,..,24} shall be leg

- Zgbs(R, /R, —1),(i=1,..,24)

ly the profile

acy is directly contributing to the performance of a soft proofing system. Its accuracycmay be tested and

for tonality
able display

itre patch at
some CIEL*
ee different
hys), grey at
t one fourth
r difference
bqual or less

B =127 for
white ratio
1,..,24} shall
rhite ratio of
asure of the
s than 0,10.

M

The uniformity of tonality determined as max (T;) with i = {1,..,24} shall be less than 0,1.

4.4.3 Testing of the simulation

To test the reproduction (simulation) quality, measurements shall be made with either a
telespectrophotometer or with a contact spectrophotometer where the influence of ambient light is
taken into account. In the latter case, the model for stray light (flare) and associated uncertainty shall
be reported. The receiving aperture of the sensing cone of a telespectrophotometer shall conform to
ISO 12646.

Displayed patches (represented as image content with the tone values defined in Table B.1) shall be
sequentially displayed and measured at the centre of the display. Then, printed patches shall be

© ISO 2015 - All rights reserved
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sequentially placed and measured at the intended viewing plane. This procedure shall be conducted for
all 72 patches (see Annex B).

A visual match might be present, but the CIEXYZ values may not be identical. There are many reasons
for such a mismatch reported in the literature.[Z] [8] [10] [13] [n the case of an instrumental mismatch, the
telespectroradiometer readings of the display shall be corrected utilizing a suitable correction method.
This correction shall only be applied when the colour difference between the print white patch and
the simulated white is smaller than DEOO < 5 and the luminance difference is smaller than 15 %. The
percentage difference shall be computed by dividing the larger value by the smaller one. When either of
the differences exceeds the tolerances and there are no options to adjust, the system shall be deemed not
to satisfy the requirements of this Clause. The soft copy display and the printed sheets shall achieve the
(simulation)colorimetric accuracy speciiie hples
and the megsured data of the monitor.

A typical cofrection method is the scaling of the CIEXYZ values of the corresponding white points| The
exact method used shall be reported. To calculate the CIELAB values of the readings, the CHEXYZ valyesl(1]
[3] of the printed white patch (CMYK = 0,0,0,0) shall be used as the white reference for‘aormalizinig the
tristimulus values both for the display readings and for the printed reference patches. Table 3 shows
the colorimegtric requirements that shall be attained in terms of computed DEOQ colour differendes. A
possiblelack of uniformity within the viewing cabinet shall be addressed by avéraging the measurements
from nine equally spaced locations on the printed patches. The CIEY* contrast ratio between the paper
white patch|and the black patch (CMYK = 0,0,0,100) of the contract proéf and of the soft proof shall be
calculated ajnd reported. The ratio of the two contrast ratios shall be hetween 0,5 and 2,0.

Table 3 + Colorimetric accuracy: DEOO tolerances between'reference prints and soft projpf

reproduction
Mean Maximum Maximum Composed grey
(primaries) patches
AEgo < 4 AEgp < 6,5 AEgp<5 AEgp<3

In case of spot colour reproductions, this International Standard is limited to isotropic spot colours
being used 3s solids in contrast to tint values_or overprints with other colours. The reference shall be a
physical sample such as a swatch book. The reproduction of solid spot colours shall be within a cplour
difference of AEgg < 2,5 where the spotcolour is achievable within the colour gamut of the soft propfing
display.

4.4.4 Visuyal

Inaddition tp the objectiyeevaluation of the device driving and the simulation, a visual-based assessment
should be cgnducted. Here, appropriate test forms such as the images and vignettes defined in ISO 12640
or provided| by researtch institutes should be used for checking the overall appearance simulatipn.[9]
The visual scrutinysshould be made with respect to smoothness, white point, uniformity and the vjisual
match with p réference print.

NOTE1 The tonal gradation of a display is important and can be checked visually. When new methods are
developed, this is subjective to become a normative criteria with measurable tolerances.

NOTE 2  Testimages are available and free of charge from some research institutes.[Z]

6 © IS0 2015 - All rights reserved
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Annex A
(informative)

Reference set of RGB triplets

File ISO 14861_AnnexA.txt tabulates a set of 318 RGB triplets that can be used as described in 4.4.2.2

to evaluate colorimetric accuracy and the smooth rendition of vignettes. This Annex is pr

ovided as an

electfronic file according to ISO 28178 because these data are intended for use in preparing files to be

used|to test display driving of a display and as such, are required as electronic data. More
on tHe used set of RGB values can be found in Reference [11].

information

© ISO 2015 - All rights reserved
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Annex B
(normative)

Test patches for display driving and simulation requirements

The patcheslisted in Table B.1 are used as defined in 4.4.1 for evaluation of display driving and simulation
requirements. The patches represent a subset of ISO 12642-2 and conform to ISO 12647-7 requirements

for a control wedge. (0
Q\
Table B.1 — Patches for display driving and simulation '\,‘],

Patch # C M Y K Patch # C M Oy K
1 100 0 0 0 37 40 | 0N 40 0
2 70 0 0 0 38 20 |-\o 20 0
3 40 0 0 0 39 104 10 0
4 20 0 0 0 40 | a0’ | e 6 0
5 10 0 0 0 “n gV | 12 | 12 0
6 0 100 0 0 4, | a0 | 27 | 27 0
7 0 70 0 0 43" | 60 | 45 | 45 0
8 0 40 0 0 R 80 | 65 | 65 0
9 0 20 0 o | P 45 100 | 85 | 85 0
10 0 10 0 o || 46 100 | o0 o | oo
11 0 0 100 o[ 47 20 | 100 | 70 | o
12 0 0 70 |07 48 70 0 70 | $o
13 0 0 40 ] o 49 100 | 100 | 100 | o
14 0 0 o | o 50 70 | 70 | 70 0
15 0 o | Mo 0 51 40 | 40 | 40 0
16 0 0 \@V 0 10 52 20 | 20 | 20 0
17 0 0 20 53 10 | 10 | 10 0
18 0o [0 0 40 54 20 | 70 | 70 0
19 0" o 0 60 55 4 | 70 | 70 | bho

20 Lo | o 0 80 56 40 | 100 | 100 | bo
21 |50 0 0 100 57 40 | 100 | 40 | bo
22 0 100 0 100 58 20 | 40 | 100 | 20
23 0 70 70 60 59 100 | 40 | 100 | 20
24 0 0 70 | 80 60 100 | 40 | 40 | 20
25 100 100 0 0 61 100 | 100 | 40 | 20
26 70 70 0 0 62 10 | 40 | 40 0
27 40 40 0 0 63 0 4 | 100 | 0
28 20 20 0 0 64 0o | 100 | 40 0
29 10 10 0 0 65 40 | 100 | o 0
30 100 100 | o0 66 40 o | 100 | o
31 70 70 0 67 100 | 0 40 0
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