INTERNATIONAL ISO
STANDARD 9241-306

First edition
2008-11-15

Ergonomics of human-system
interaction —

Part 306:
Field assessment methods for elecfronic
visual displays

Ergonomie de l'interaction homme-systeme —

Partie 306: Méthodes d'appréciation sur le terrain des écrans|de
visualisation électroniques

_— Reference number
= — ISO 9241-306:2008(E)

© SO 2008


https://standardsiso.com/api/?name=1c1d4f24baf7a18a4b32ceede330d5e0

ISO 9241-306:2008(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

—COPYRIGHT PROTECTED DOCUMENT

© 1S0O 2008

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20

Tel. +412274901 11

Fax +41 22749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © ISO 2008 — All rights reserved


https://standardsiso.com/api/?name=1c1d4f24baf7a18a4b32ceede330d5e0

ISO 9241-306:2008(E)

Contents Page
Lo T =2 o PR iv
Lo T [ ¥ T2 4 o] o vi
1 S COP e T T T e e 1
2 NOIrmMative referenNCEeS ...t ssssr e e snne e e e s e s s nmn e aenfaa S se e e e e e eesnnnnnn 1
3 Terms and definitioNs.......ccccooo i snnr e snmn e e e e e fe s s 1
4 Preparation for assessment ... snnr e el e b e e e e e s s fnnn e eesnnnn 1
4.1 Cathode ray tube (CRT) diSPlays .......cccoccmrrmrrrisscssssnmrrensrnssssssssssesesssssssssssssaslenesssssssnmsnnseses fassssssesnsns 1
4.2 Liquid crystal displays (LCD) ....c.ccccceirmmrremriisccssmmsrreressssssssssssesessssssssssnng@s e snsssssnnnnssssssssssss fnsesssssnsnns 2
5 AsSeSSMENt MEthOAS...........e s s s Fonnsnsnsssssssssssnsnsssnssnns fnnnnnnnnnnnnn 3
5.1 Viewing conditions ... s e 3
5.2 LUMINANCE ... s e e s e e s e s e s s e e s e e e e e e s e e e e e e e e e e e s s s e e 5
5.3 Special physical environments ... L e e 7
5. Visual @rtefacts ... s 3 en s snnnnnnn  nnnnnnnnnnnnnn 8
5. Legibility and readability.............ccccriiiicmiiniiiii @ e e, 1
5. Legibility of information coding .........cccviiiiicccscccie s e frne e 13
5. Legibility of raphicCs.......cccoociiiiiiiccccerirrr et e e s ss s ssmne e e e e s s s s ssnme e e e s sesssssnnmnsensssssnnnne ferseesanannn 14
5. T 1= 1SR AR 15
6 Other coNSIderations..........cccccceiiimiiiicccseege e N resssssmnre e e e e s s s s s s smnn s e e e e s sasssssnmnneeeeesssssssnnnnneensens|annneeensns 16
6.1 ISOrOPIC SUITACE ....ceiiiiiiic it r T e smn e e e e s e s s s smner e e e e s s s snmn e e e e eessnssnnnmnennessesannne ferenesnnnnen 16
6. ANISOLrOPIC SUIMACES .......eeeiiiiiiiiicccira e e s s s ssenr e e s s s s smrr e e e e s s s s s s s smne e e e e e s sa s s s smmnneeenesanssnsne fersennnssnan 16
6. A ATV T T B TaTe | L= - T4 Ve [ o PSR AR 16
6. AdJUSEADIIILY ......cceeeeiiciieiiccreieber s s s essr e rs e e e s s nr e e s s sne e e e s s sn e e e e s ssn e e easssnnenassnnenanssnneneannenennnnfenenesnnnnes 16
6. (20T 010 e[ F= o 71 1 4T/ S Y IR 17
6. Luminous envIroNMENt ... 0. 0 ... s s s e s e e e s e e e e e e e e e e 17
Anhex A (informative) Overview'of the ISO 9241 series.........ccccciiiiiiriinninnnnin e e 18
Anpex B (informative) Influences on ergonomics parameters of visual displays.........cccccceviiicioennnnnnnn. 22
Anpex C (informative) Unwanted reflections............cccccoriiiiii s s sssseesessess s fesssseneeens 25
Anpex D (informative).\Display output linearization and evaluation of achromatic ISO/IEC test

chart outputfor eight different ambient light reflections at office work places..............J-cc........ 28
L2« 11T oo T ] 40 F 45
© ISO 2008 — All rights reserved iii


https://standardsiso.com/api/?name=1c1d4f24baf7a18a4b32ceede330d5e0

ISO 9241-306:2008(E)

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-govermmental, in liaison with 1SO, also take part in the work. ISO collaborates closely with
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Part 1

bl Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

bl Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
fask of technical committees is to prepare International Standards. Draft International Standa
y the technical committees are circulated to the member bodies for voting\»*Publication as
bl Standard requires approval by at least 75 % of the member bodies castingawote.

shall not be held responsible for identifying any or all such patent rights.

B06 was prepared by Technical Committee ISO/TC 159, Ergonomics, Subcommittee S(
s of human-system interaction.

consists of the following parts, under the general title Ergonomic requirements for office work |
ay terminals (VDTs):

General introduction

Guidance on task requirements

Keyboard requirements

Workstation layout and postural requirements
Guidance on the work environment
Requirements for non-keyboard input devices
1

: Guidance en_usability
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: Presentation of information

B: User guidance
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Part 1

Part 1

Part 14

Part 15

: Menu dialogues
. Command dialogues
6: Direct manipulation dialogues

7: Form filling dialogues

© 1SO 2008 — All rights rese

rved


https://standardsiso.com/api/?name=1c1d4f24baf7a18a4b32ceede330d5e0

ISO 9241-306:2008(E)

ISO 9241 also consists of the following parts, under the general title Ergonomics of human-system interaction:
— Part 20: Accessibility guidelines for information/communication technology (ICT) equipment and services
— Part 110: Dialogue principles

— Part 151: Guidance on World Wide Web user interfaces

— Part 171: Guidance on software accessibility

— | Part 302: Terminology for electronic visual displays

— | Part 303: Requirements for electronic visual displays

— | Part 304: User performance test methods for electronic visual displays

— | Part 305: Optical laboratory test methods for electronic visual displays

— | Part 306: Field assessment methods for electronic visual displays

— | Part 307: Analysis and compliance test methods for electroniC visual displays

— | Part 308: Surface-conduction electron-emitter displays (SED) [Technical Report]

— | Part 309: Organic light-emitting diode (OLED) displays [Technical Report]

— | Part 400: Principles and requirements for physical input devices

— | Part 410: Design criteria for physical input-devices

— | Part 920: Guidance on tactile and-haptic interactions

Foi the other parts under preparation, see Annex A.
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Introduction

This part of ISO 9241 is one of a group of standards in the ISO 9241 series that establish requirements for the
ergonomic design of electronic visual displays. At the same time, this “300” subseries replaces either partially
or fully certain previously published parts of ISO 9241 as well as several other International Standards (see
the Forewords of the respective parts for the details).

— An intlloduction to the subseries is given by 1ISO 9241-300.

— Termg and definitions related to electronic visual displays have been transferred to, andccollected|in,

ISO 9241-302.

— While |the areas previously covered in ISO 9241 and by ISO 13406 remain essentially*unchanged, fest
methods and requirements have been updated to account for advances in science-and technology.

— All geIeric ergonomic requirements have been incorporated into ISO 9241-303.

— The application of those requirements to different display technologies, application areas &nd
envirohmental conditions — including test methods and pass/fail criteria — are specified in ISO 9241-307.

— Methods for performing formal display measurements to deterniine display characteristics and vdfrify
technitcal specifications (tests that can be very costly and ‘fime-consuming and that are normplly
performed under rigorous test conditions with a newdevice) are given in ISO 9241-305 a&nd
ISO 9241-307.

— In addition, guidance on the design of SED (surface-conduction electron-emitter displays) and OLED
(orgarfic light-emitting diode) displays is given in ISO/TR 9241-308 and ISO/TR 9241-309.

The overgll modular structure of the subseriesiwill facilitate its revision and amendment, as ongding
technologi¢al development enables new forms-ofdisplay interaction.

This part of ISO 9241 is concerned with ergonomic workplace assessment and is aimed at providing a megans
of assessing whether or not the visual-ergonomic requirements specified in ISO 9241-303 are satisfied within
a specifieq task setting. The intention-is not necessarily to produce a perfect display with optimum vidual
characterigtics, but rather to ensure”that the needed qualities to perform the visual task satisfactorily jare
indeed prepent.

During thelifetime of a display, the context in which it is used can often vary; “ageing” normally takes placg as
the display| is used andi as”a result, the performance of the display may be reduced over time. The lighfing
conditions under whichza display is used often also vary.

In actual (DT workstation use, the main ergonomic concerns are the visual task being performed and the
input devices.being used to accomplish the task.

There are several factors that make the performance of a visual task using a VDT different from that in many
other non-VDT or paper tasks. These factors are related to the positioning of the various elements needed for
performing the visual task.

The ergonomic goal is to be able to read the information on the display comfortably, easily, accurately and
quickly (where necessary) — as when a paper “hardcopy” placed on the work desk is read.

One consideration is what might be called the positional sensitivity of the screen. If positioned poorly, displays
are susceptible to external light sources: these can be reflected back to the viewer and can contribute to
reduced legibility of the information on the screen. In more compelling environments, these light sources can
give rise to glare. They can come from either natural light from windows or from artificial lighting systems such
as overhead mounted luminaries in offices.

Vi © 1SO 2008 — All rights reserved
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Given the size and dimensions of most displays, a display is typically oriented in a vertical rather than
horizontal position. This orientation and position of the information to be read is considerably different than
that when a book or paper placed on the desk is read. The line of sight from the eye to the visual task is raised
up to 45°, giving rise to a quite different visual background, often with a varying luminous background arising
from walls and other objects in the environment. These factors can affect the working posture of a user trying
to compensate between the line of sight angle to the display needed to be maintained and the distance to the
visual task.

These and other considerations demonstrate that the positioning of a display is much more important than the
mere posmonlng of paper or other hardcopy reading materlals They gives rise to the need to be able to adjust
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 display assessment methods presented in this part of ISO 9241 do not, inlmost cases, require
asuring equipment and will in general be able to be carried out easily in)a working field envin
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Scope

s part of ISO 9241 establishes optical, geometrical and visual inspection methods for the asses
blay in various contexts of use according to ISO 9241-303.

Normative references

p following referenced documents are indispensable for thé“application of this document.

prences, only the edition cited applies. For undated reférences, the latest edition of the
ument (including any amendments) applies.

9241-302, Ergonomics of human-system interactibh — Part 302: Terminology for electr
blays

9241-303:2008, Ergonomics of human-systém interaction — Part 303: Requirements for elect
blays

9241-305, Ergonomics of human-system interaction — Part 305: Optical laboratory test m
ctronic visual displays

9241-307, Ergonomics of/huiman-system interaction — Part 307: Analysis and compliance te
electronic visual displays

Terms and definitions

the purposes-of this document, the terms and definitions given in ISO 9241-302 apply.

Preparation for assessment

sment of a

For dated
referenced

bnic visual

onic visual

ethods for

5t methods

4.1

41.

Cathode ray tube (CRT) displays

1 Display warm-up

Allow sufficient time (at least 20 min) for the display luminance to stabilize.

4.1

If a

.2 Degaussing

monitor has a built-in degaussing device, activate it.

© 1SO 2008 — All rights reserved
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4.1.3 Cleaning

Ensure that the front glass of the display is clean; otherwise, clean it according to the manufacturer’s
instructions.

4.1.4 Contrast and brightness control settings

Adapt display contrast and brightness using contrast and brightness screen controllers according to the
environmental lighting conditions, as follows:

— use a pattermthatcontainsareas of differentgrey scafte vatues from wihite to btack;
— set both contrast and brightness to maximum (100 %);

— in a dark environment, reduce brightness until the darkest pattern area is displayed compléetely blacd —
the difference between the darkest and the next lighter area should be distinguishable;

— set thg contrast so that the brightness of the white area is at the maximum whilecthe’ difference betwgen
the white and the next darker area is distinguishable;

— ina ngn-dark environment, set the brightness to a value where all grey levéls are distinguishable.
4.1.5 Image size

Use factory or default setting if available. Otherwise, adjust to a spgcified size.

4.2 Liquid crystal displays (LCD)

The flat pahel display shall be physically prepared for assgssment.

4.21 Display warm-up

Allow sufflcient time (at least 20 min) for_the display luminance to stabilize. When indicated by [the
manufactufer, it shall be warmed up for the specified time.

4.2.2 Cleaning

Ensure that the display is clean;otherwise, clean it according to the manufacturer’s instructions.

4.2.3 Contrast and brightness control settings

Adapt disglay brightness and contrast (if controllers are available) according to the environmental lighfing
conditions,| as follows:

— use a pattern that contains areas of different grey scale values from white to black;

— set both contrast and brightness to maximum (100 %);
— set contrast to a value where all grey levels are distinguishable;

— display the content of a typical application and set brightness to a level appropriate to the lighting
conditions.

2 © 1SO 2008 — All rights reserved
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Use the factory-recommended (physical) resolution. Changing this native resolution to another can cause a
degradation of the display image quality and character presentation, due to imperfect pixel interpolation

(see Figure 1).

VBG VBG

physical reduced

Figure 1 — Comparison of letters displayed with physical and reduced resolutions

5 | Assessment methods
5.1 Viewing conditions

5.141 Design viewing distance

The¢ optimum distance between the visual display and the user's eyes depends on various fact
particular character legibility (see Table 1) and the possibility of viewing a full application wi
movement (see Table 2). The design viewing distance, i.e. the distance specified by the manufac
display is set to > 300 mm (see ISO 9241-308). The optimum viewing distance for office work i
position is 600 mm. However, individual users tend to prefer settings between 400 mm and 750 m
disfances in this range for most people.require character heights that subtend between 20’ to 22’
ISO 9241-303).

Chgck whether the display is uused within the specified viewing distance, D. Measure the distang
user's eyes to the centre of the-screen with a ruler. For office work, the normal range is 400 mm to
the] chosen distance is outside of this range, verify that there is not an underlying problem, such as
quality, incorrect font size;or an uncorrected vision problem.

brs, and in
hout head
urer of the
h a seated
M. Viewing
of arc (see

e from the
750 mm: if
bad image
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If the visual task requires that the entire application, i.e. its page or line width, is viewed at a glance, i.e.
without head movements, the minimum viewing distances from Table 2 are recommended. They result from
the maximum horizontal viewing angle of + 15° with respect to the normal on the screen surface, which allows
such viewing at a glance and depends on screen size. Figure 2 shows the relation between viewing angle,

application

width and viewing distance.

Table 1 — Maximum and optimum viewing distances for character legibility

Character height Maximum viewing distance for some Viewing distance qf _g_enerally accepted
users legibility
mm
1.2 41 20
2 69 33
3 103 49
4 138 65
4.6 158 75
NOTE 1 The maximum viewing distance is based on character height of 10’ of arc and is usable-only by a small number of usgrs.
Generally aqcepted legibility, i.e. one that is well accepted by most users, is calculated based orn21” of arc. The optimum charagter
height for task performance is a compromise between the legibility goal and the goal of “surveying at a glance” — presenting| all
information related to the same context on the same screen.
NOTE 2 The simplified rule of thumb for character legibility is: for optimum legibility, viewing distance = 165 x character height:
— acceptpble range ~ £+ 30 % for most users;
— acceptpble range ~ £ 100 % for some users.
Table 2 —+ The smallest viewing distance at which the*full application width can be used without nepd
for head-movement
Width of the application (or page or line) Minimum viewing distance in order to avoid head movement
mm cm
215 40
250 47
300 56
350 65
400 75
NOTE 1 The relationship-is based on the + 15° requirement illustrated by Figure 2.
NOTE 2 In the field;,it’can be convenient to use the following approximation as a rule of thumb: viewing distance > 1,9 x applicafion
width.

© 1SO 2008 — All rights reserved
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~(

Key

1 |screen width

2 |viewing angle (+ 15°)
3 |viewing distance

4 |viewing location

Figure 2 — Viewing distance and viewing angle

5.112 Design viewing direction

If the display is a flat panel, check that'it is used for the specified viewing direction class agcording to
ISQ 9241-303 and ISO 9241-307.

5.113 Gaze and head tilt angles
Verify that the work stationjand the visual display allow the user to view the screen with a gaze angle from 0°

to #5° and a head tilt-angle from 0° to 20°, using a device for measuring angles such as protractor or
goniometer.

5.14 Virtual\images

Seg¢ 1S0:9241-303:2008, Annex E.

5.2 uminanece

5.2.1 Illluminance

Measure the screen illuminance using a lux meter. Place the lux meter’s sensor directly in the centre of the
screen at the same tilt angle as applied by the user. Check that no shadows are falling onto the sensor.

Verify that the measured illuminance corresponds to the value specified by the supplier.

© 1SO 2008 — All rights reserved 5
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5.2.2 Display luminance

Measure the area luminance with a luminance meter: first, for white pattern on black background and, second,
for black pattern on white background. Place the meter perpendicular to the display surface on the target. The
target area shall be at least 100 % larger than the measurement area of the luminance meter.

For CRT, the luminance meter should be placed at measurement locations as shown in Figure 3. The pattern
is the following:

— at the centre;

— at the Jocations on the diagonals that are 10 % of the diagonal length from the corners of the addressgble
area of the display.

Figure 3 — Measurement locations — CRT

Verify that the measured luminance values are in accordance with ISO 9241-307.

For LCD, fhe)measurement locations should be as shown in Figure 4. Determine the lowest and highest
luminance.

Verify that the measured luminance values are in accordance with ISO 9241-307.

6 © 1SO 2008 — All rights reserved
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inew

A
 J

) 1] 15 [i9] )
N
:
IV .
51 55 59| &

» inew/2 |
Key
Hdw visible display height
Wk,  Visible display width
Figure 4 — Measurement locations — LCD
5.23 Luminance balance and glare

Mepsure the luminance of the display (e.g. full .screen white), of a frequently viewed task a

doq
the

screen and selected surround. Verify that the ratios are in accordance with the value range s

1S

A possible method of controlling the'avoidance of glare is to check whether the surface of the housi
or glossy. Glossy surfaces may‘produce glare; the gloss value can be measured with a gloss met
reference samples.

5.2

Ve

display are adjustable by the user to the ambient environmental conditions of the workplace.

5.3

5.3

ument on the desk) and of a selected surround’(e.g. a room wall). Calculate the luminance rat

ea (e.g. a

o between

screen and the frequently viewed area. Perform the same calculation for the luminance ratio between the

9241-303.

4 Luminance adjastment

ify that the luminance of the display and the contrast between characters and character backgrg

Spécial physical environments

1-_/Vibration

See ISO 9241-303:2008, 5.3.2.

5.3.2 Wind and rain

See ISO 9241-303:2008, 5.3.3.

5.3.3 Excessive temperatures

See I1SO 9241-303:2008, 5.3.4.

© 1SO 2008 — All rights reserved
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5.4 Visual artefacts

5.41

Luminance non-uniformity

Estimate the luminance non-uniformity by sequentially viewing different areas on the screen to determine the
degree of non-uniformity. If it is determined that a noticeable amount of luminance non-uniformity is present,
then the measurement of luminance with a luminance meter is recommended.

The measurement locations are the positions on the screen with the lowest and highest luminance (see 5.2.2).

Determine

the luminance non-uniform ratio using Equation (1):

non-u

Verify that

542 Co

Display the full screen with only one colour and estimate the colour non-uniformity’ by sequentially view

different ar

The subjeq
luminance

further details, see 1ISO 9241-305.

543 Co

Calculate t|

non-u

544 Ge
Disturbing
occur. Sug
the horizor]

Most of thd

5.4.5 Pixel faults

5.4.5.1

Lmax ~ Lmin

niformity =100 %(

|

the luminance uniformity value is according to 1ISO 9241-307.

Lmax

our non-uniformity

eas on the screen. Repeat with different colours.

tive impression of colour is not only determined by the colouritself (chromaticity) but also by
For applications requiring exact colour distinction, use a colorimeter or a spectrophotometer.

ntrast non-uniformity

he contrast non-uniformity from the values measured in 5.2.2 using Equation (2):

|

changes of character form or’character location due to image stability or geometry faults should
h geometrical faults can be ascertained, for example, by placing a rectangular sheet of paper
tal or vertical lines in‘the intended area of the display.

Cmax B Cmin

hiformity =100 %[

max

bmetric distortions

se faults can be corrected using the screen display controls.

Pixel/subpixel stuck on

(1)

ing

the
For

()

not
on

These pixels/subpixels will always appear as bright on a black background. Use a black screen to observe.

5.4.5.2

Pixel/subpixel stuck dim

These pixels/subpixels can appear as grey, independent of white or black background. To observe, first use a
white and then a black screen.

© 1SO 2008 — All rights rese
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5.4.5.3 Pixel/subpixel stuck off

These pixels/subpixels always appear as dark on a white screen. Use a white screen to observe.
NOTE For a complete analysis, refer to Reference [7]. To determine the pixel fault class, see ISO 9241-307.
5.4.6 Temporal instability (flicker)

For CRT screens, flicker-free perception mainly depends on the interplay between the following factors:

— techmicat-factorssuchasmage refrestrrate; imrageformatiomn, Tesotution, phosphor persisterge, average
display luminance and the size of the display area;
— | the individual operator’s visual capabilities.
For CRT screens in positive polarity, use Figure 5 (which shows relationship between refresh rate| resolution
and horizontal frequency) to determine the combinations needed to achieve (a ‘flicker-free sg¢reen. The
regommended refresh rate is 100 Hz.
If the refresh rate is set to a value lower than 85 Hz, change it to a higherne’if technically possibl¢ (depends
on |Jine frequencies of the monitor and properties of the graphic card).
Y
160
7
/
140 S
A5
//
N
120 - A Q%
// 'Z%Q’L/
/, /,
100 ~ _—
~
=1 — A 0282 !
/
60 /// 800 x 800 ——
// // 0 J—
- — 640 * 40
40 — /742-7
//
20 >
60 70 80 90 100 110 120 X
Key

X refresh rate, Hz
Y horizontal frequency, kHz

Figure 5 — Correlation between refresh rate, horizontal frequency and resolution
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The higher the needed refresh rate and resolution, the higher the horizontal frequency has to be, e.g. a
horizontal frequency of 70 kHz is required in order to display image with refresh rate of 85 Hz and a resolution
of 1024 x 768.

An alternative method for determining the presence of flicker is the following.

a) Adjust the display to present a white background (positive polarity).

b) Adjust the brightness and the contrast to the maximum.

c) Focus on a point about 30° to the left or to the right of the display; ensure that the display can be seen in

the peripheral part of vision.

d) If the
refres

For display technologies such as LCD, electrical luminescence and plasma displays, other technical facf
can be dedisive for a flicker-free perception.

5.4.7 Spatial instability (jitter)

Jitter can Qe caused by either the display itself (internal) or by external electromagnetic fields (e.g. power

of railway,

For LCD tdchnology, jitter cannot be caused by external electromagnetic’fields.

A strong jitter can be simply observed by the user without a measurement device. Jitter measurements can

performed

For measu

5.48 Mo

Moiré effegts can be detected by visual inspegtion’or appropriate monitor test programs.

Some visu

5.4.9 Other instabilities

Other instgbilities such as swin,_drift, crosstalk or shadows on objects or characters can be detected by vis

inspection.

5.4.10 Unwanted reflections

Disturbing
reflections

screen is not flicker free, flicker will be seen in the peripheral part of vision. In this casescheck
W rate setting and adjust it to a higher level, if possible.

transformer, external power supply of IT equipment).

using a magnifying glass with a built-in scale.

rement methods, see ISO 9241-305.

iré effects

bl displays have a built-in corregtion function that should be used to eliminate Moiré effects.

See ISO 9241-303)

reflections can be determined by visual inspection. Annex C gives guidelines for avoid

the

ors

ine

be

ual

ing

Displays are divided according to their anti-reflection capabilities, separated, for positive and negative polarity,
into three classes, see Table 3.

10

Table 3 — Reflection class of screen

Reflection class Environment

| Suitable for general office use

Il Suitable for most, but not all office environments

1] Requiring a specially controlled luminous environment
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To determine if the display is suitable for the intended use in the given environment, check the data sheet or
ask the vendor for reflection class.

For a typical office environment, positive polarity is recommended because unavoidable reflections have a
less disturbing effect compared to negative polarity.

5.4.11 Unintended depth effects

Review the application for the presence of spectrally extreme colours in accordance with Table 4.

Table 4 — Spectrally extreme colours

Image background Requirement/recommendation Consideration/reference
Positive pplanty, Preferred for most tasks See ISO 9241-303.
achromatic
o _ Avoid blue on red as primary Depth of field of the eye.
Positive polarity, colour False, unwanted-(chromo)stereopsis.
chromatic
Use black or dark grey foreground | Colour identification.
. . Poor legibility. For text presentation,
Negative polarity, Avoid blue as primary colour difficult to meet contrast requirements.
achromatic . . About 8 % of users have reduced red-
Avoid red as primary colour L
green discrimination.
Negative polarity, Avoid red on blue as primary, Depth of field of the eye.
chromatic colour False, unwanted (chromo)stereopsis

Spectrally extreme colours (extreme blue, extreme red) that produce depth effects (chromosteregpsis) shall
nofl be presented for images to be continuously viewed or read.

o
i

Legibility and readability
5.51 Luminance contrast

5.51.1 CRT — Inner.contrast on characters or objects having non-discrete, non-uniform small area
luminance distribution

This assessment/can only be made using a scanning or imaging photometer with appropriate aperture. For
furfher details, 'see 1ISO 9241-305.

5.5.2 Image polarity

See ISO 9241-303:2008, 5.5.3.
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5.5.3 Character height

5.5.3.1

Character height measured with comparator foil — LCD and CRT

Use a plastic foil with targets of different known height or a magnifier with a scale. Place the foil/magnifier on
the screen. Compare the targets on the foil with the character height on the screen or measure the character
height with a magnifier. Calculate the character height as a subtended visual angle, «, in minutes of arc, using
Equation (3):

_ r\v'r\'-r\v-\( hT \
a =60 2u|u|.u||L2 - D)

5.5.3.2

3438 x hy

D

s|the target height, in millimetres;
s|the viewing distance, in millimetres.

Character size determined from pixel count and screen height

Count the humber of pixels, n, in the height of the character.

Use a pixel-oriented character program, often included in operating systems (see Figure 6).

Calculate the character height as a subtended visual angle, «, in minutes of arc, using Equation (4):

where

D

p

N

A

Figure 6 +— Zoomed characters within a grid

(04 =6(I)x2arctan[n Xs/pjz3438xnxs/p

2D D

the viewing distance, in millimetres;

&

islthe_number of piynle inthe hnighf of the character;

is the screen height, in pixels;

is the screen height, in millimetres.

@)

(4)

The screen size (height and width) is defined by the manufacturer in the user's manual or technical
specification (such as a data sheet). For CRT displays, ensure that the screen size used is the same as that
specified by the manufacturer; if not, change the screen size accordingly.

12
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.3.3  Screen height

For CRT, place a ruler on the screen and measure the screen height. Ensure that the eyes are perpendicular
to the screen while measuring. Repeat the measurement and calculate the average value of the screen
height, s.

5.5

.4 Text size constancy

Perform a visual inspection.

5.
Us

foil
me

5.5

Us
rati

As
Ca

5.5

Co
5.5

5.5

Us
to |

As
cha

5.5

Us

As
Co

5.5

5 Character stroke width
b a comparator foil or a magnifier with a scale to determine the character stroke~width.

magnifier on the character on the screen. Ensure that the eyes are perpendiculartd.the sg
asuring.

6 Character width-to-height ratio

b a comparator foil or a magnifier with a scale to determine the charactéerjwidth and height. C3
0.

an alternate procedure, use the method specified in 5.5.3.2 for determining the character width
culate the ratio.

7 Character format

int the number of pixels in the height and width of:the selected character. Use the procedure §
3.2.

8 Between-character spacing

SO 9241-303:2008, 5.5.9.

an alternate procedure, use-the method specified in 5.5.3.2 for determining the space be
racters. Count the space,in.pixels.

9 Between-wordspacing
p a comparator<oil'with a scale to measure the spacing between words.

an alternate(procedure, use the method described in 5.5.3.2 for determining the space between
int the«pixels in the spacing between the two words.

Place the
reen while

Iculate the

and height.

specified in

b a comparator foil with a scale to measure the spacing between characters. For further considenation, refer

tween two

two words.

10 Between-line spacing

Use a comparator foil with a scale to measure the spacing between lines.

As an alternate procedure, use the method described in 5.5.3.2 for determining the space between the
characters in two adjacent lines of text. Count the pixels in the spacing between the two adjacent lines.

5.6 Legibility of information coding

5.6.

1 Luminance coding

Perform a visual inspection. Determine the discernability of the luminance code.

© 1SO 2008 — All rights reserved
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5.6.2 Absolute luminance coding

Perform a visual inspection. Determine the discernability of the luminance code.

5.6.3 Blink coding

If possible, use a stop watch. Start the watch and count a number of “blinks” (e.g. 10 cycles). Stop the watch.
Calculate the blink frequency by dividing the number of cycles by the time.

For readability, determine if the blinking text can be read in one cycle.

5.6.4 Colour coding

Perform a Visual inspection.

5.6.5 Gepmetrical coding

Perform a Visual inspection to detect geometrical coding distortions.
5.7 Legj|bility of graphics

5.7.1 Mohochrome and multicolour object size

Measure the height and the width of the image. Calculate the subtended visual angle taking into account [the
viewing digtance. For the measurement procedures, see 5.5.3.1.

5.7.2 Coptrast for object legibility

Perform a yisual inspection to determine the discernability-of the object.

5.7.3 Gre¢y and colour considerations for graphics

Verify that| an application offers a default set of colours and a grey scale. Perform a visual inspection.
Determine|whether each used colour paircan be discriminated. For text, alphanumerics and symbols used in
reading tagks, see 5.4.11.

Determine|whether all grey-scale-levels can be distinguished. If not, adjust the display according to 4.1.4 or
4.2.3 for CRT or LCD, respectiyely:

For further|information, see~Annex D.
5.7.4 Bac¢kground-and surround image effects
To better discriminate and identify colours, systems and applications should use an achromatic backgrolind

behind chromatic foreground image colours, or achromatic foreground image colours on chromatic
backgrounds-

Perform a visual inspection.
5.7.5 Number of colours

5.7.51 General

Count the number of colours on the display and compare it with the requirements for the type of application.

The number of colours simultaneously presented on a display should be based on the performance
requirements of the task. In general, the number of colours simultaneously presented should be minimized.
For accurate identification, the default colour set(s) should consist of no more than 11 colours for each set.

14 © ISO 2008 — All rights reserved
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5.7.5.2 Visual search for colour images

When a rapid visual search based on colour discrimination is required, no more than six colours should be
used.

5.7.5.3  Colour interpretation from memory

If the meaning of each colour of a set of colours is to be recalled from memory, no more than six colours
should be used. Software applications that require the meaning of each colour of a set of more than six
colours to be recalled, shall make the associated meaning of each colour accessible.

5.8

An

5.8

Pe

5.8

Pe
or

To
rise
fre

Thq

Fidelity
ew methodology for assessing colour and grey scale is under development. See Annex-D.

1 Grey scale and gamma

form a visual inspection and an output linearization procedure. See Annex D

2 Rendering of moving images

form a visual inspection and ensure there are no disturbing effe¢ts on the application. Verify thaf no blurred

b requirements relating to rise time, hold time and fall time specified in ISO 9241-303:2008, 5.8.4} apply.

3 Colour misconvergence

ge.
4 Image formation time (IFT)
form a visual inspectian. Depending on the task, the following applies.

Still and quasi-static images

lierky” images appear in the application.

render moving images properly, a display needs temporal fidelity. This temporal fidelity is influenced by
time, hold time (time between end of rise time and beginning of fall time), fall time ang sampling

juency.

igconvergence can be observed by the appearance of colour fringes or double images along the gdges of an

If noticeable loss of contrast is observed during key entry, scrolling, animation, and blink codipg, the IFT

shall beslarger than approx. 200 ms.

NOTE Pointing devices with rapid cursor positioning can be used only with special techniques.

If applications using scrolling, animation and pointing devices lose detectable contrast, the IFT shall be

between approx. 55 ms and 200 ms.
Blink coding from 0,33 Hz to 5 Hz shall be operable.
If the contrast is stable for most applications, the IFT shall be between approx 10 ms and 55 ms.

NOTE Motion artefacts can be distracting.

© 1SO 2008 — All rights reserved
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b) Moving images

If moti

on artefacts become undetectable for all moving images, the IFT shall be less than 3 ms.

5.8.5 Spatial resolution

Perform a visual inspection.

Resolution of the display should enable a satisfying reproduction of the original image. The minimum
resolution of the display, in pixels, should be (horizontal x vertical) as follows:

— VGA(

video graphics array), > 640 x 480;

— PAL (phase alternating line), 768 x 576;

— NTSCJ(national television system committee), 720 x 480.

6 Other considerations

6.1 Isotfopic surface

Luminancq is measured from the position of the user's head, i.e. usyally’ not perpendicularly to the screen.
The size of the measurement spot is 1° of subtended angle. The size\of the spot is defined as the subtended

visual angl

e from the location of the user's head. Depending on thecgharacteristics of the luminance meter,

test enginger shall be at the location of the head, farther away or closer, in order to obtain a spot size
millimetres], that corresponds to the desired subtended angle,

EXAMPLE

If the desired subtended angle is 1° and the a¢tual viewing distance is 60 cm, then the same result wil

obtained with the following two measurement set-ups:

— measu

— measu

fement at 60 cm distance using a spot luminance meter with a spot size subtending 1°;

fement at 20 cm distance using a spot luminance meter with a spot size subtending 3°.

6.2 Anisotropic surfaces

This measpurement is identicalcto-that according to 5.2.2 but with one addition: the angular aperture of

luminance

meter shall be in the.range 0,5° to 2°.

Luminancg meters with\Other angular apertures shall not be used because, if used, the anisotropy of

display wg
luminance

meters.are’unsuitable for testing of workplaces where, for example, LCD monitors are used.

6.3 Viewing angle range

uld cause~false luminance readings. This means that a large number of commercially availa

the
in

be

the

the
ble

Verify that the user can read the entire display and that sufficient legibility for the task is maintained even

when movi

ng the head or turning/tilting the display to avoid disturbing reflections.

6.4 Adjustability

Verify that the display can be tilted and turned enough to give a good viewing angle and to avoid disturbing

reflections.

16
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6.5 Controllability

Verify that power switch, brightness, contrast and other controls needed daily are accessible from the working
position.

6.6 Luminous environment

Luminance balance, illumination level and countermeasures against glare from sunlight and luminaries usually
require daily operation (e.g. on/off switches and operation of horizontal blinds). Verify that the controls are
easily accessible and operable.

© 1SO 2008 — All rights reserved 17
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Annex A
(informative)

Overview of the ISO 9241 series

This annex presents an overview of 1ISO 9241: its structure, subject areas and the current status of both
published and projected parts, at the time of publication of this part of ISO 9241. For the latest information on

the series, [see: http://isotc.iso.org/livelink/livelink?func=lI&objld=651393&0objAction=browse&sort=name.
Part no. Subjectltitle Current status
1 Seneral introduction International Standard
(intended to be replacedrby 1ISO/TR 924111
and 1S0O,9241-130)
2 Suidance on task requirements International Standard
3 isual display requirements Replaced by the 1ISO 9241 “300” subserigs
4 eyboard requirements International Standard
(intended to be replaced by the
ISO 9241 “400” subseries)
5 Vorkstation layout and postural requirements International Standard
(intended to be replaced by ISO 9241-500)
6 Suidance on the work environment International Standard
(intended to be replaced by ISO 9241-600)
7 Requirements for display with reflections Replaced by the 1ISO 9241 “300” subserigs
8 Requirements for displayed colours Replaced by the 1ISO 9241 “300” subserigs
9 Requirements for non-keyboard-input devices International Standard
(intended to be replaced by the
ISO 9241 “400” subseries)
11 Suidance on usability International Standard
12 Presentation\af information International Standard
(intended to be replaced by ISO 9241-11(1
and 1SO 9241-141)
13 Uset guidance International Standard
(intended to be replaced by ISO 9241-124)
14 Menu dialogues International Standard
(intended to be replaced by 1ISO 9241-131)
15 Command dialogues International Standard
(intended to be replaced by ISO 9241-132)

18
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Part no. Subjectititle Current status
16 Direct-manipulation dialogues International Standard
(intended to be replaced by ISO 9241-133)
17 Form filling dialogues International Standard
(intended to be replaced by ISO 9241-134)
20 Accessibility guidelines for information/communication .
; - International Standard
technology (ICT) equipment and services
Infroduction
100 Introduction to software ergonomics Planned

Gdneral principles and framework

110 Dialogue principles International Standard

111 Presentation principles Planned to partially revise and|replace
ISO 9241-12

112 Multimedia principles Planned to revise and replace ISP 14915-1

113 GUI and control principles Planned

Presentation and support to users

121 Presentation of information Planned

122 Media selection and combination Planned to revise and replace ISP 14915-3

123 Navigation Planned to partially revise and|replace
ISO 14915-2

124 User guidance Planned to revise and replace ISP 9241-13

129 Guidance on software individualization Planned

Dialogue techniques

130 Selection andcombination of dialogue techniques Planned to incorporate and r¢place

ISO 9241-1:1997/Amd 1:2p01
131 Menu dialogues Planned to replace 1ISO 9241-14
132 Command dialogues Planned to replace 1ISO 9241-15
133 Direct-manipulation dialogues Planned to replace 1ISO 9241-16
184 Form-based dialogues Planned to replace 1ISO 9241-17
135 Natural language dialogues Planned

Interface control components

141 Controlling groups of information (including windows) Planned to partially replace 9241-12
142 Lists Planned
143 Media controls Planned to partially revise and replace

ISO 14915-2

© 1SO 2008 — All rights reserved
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Part no.

Subjectititle

Current status

Domain-specific guidance

151 Guidance on World Wide Web user interfaces International Standard

152 Interpersonal communication Planned

153 Virtual reality Planned
Accessibility

171 Suidance on software accessibility International Standard
Human-centred design

200 ntroduction to human-centred design standards Planned

210 Human-centred design of interactive systems Planned to revise @andreplace 1ISO 13407
Process rdference models

220 Human-centred lifecycle processes Planned to revise and replace

ISO/PAS 18152

Methods

230 Human-centred design methods Planned to revise and replace ISO/TR 16982
Ergonomi¢ requirements and measurement techniques for electronic visual displays

300 ntroduction to electronic visual display requirements International Standard

302 [erminology for electronic visual displays International Standard

303 Requirements for electronic visual-displays International Standard

304 ser performance test methods for electronic visual displays International Standard

305 Dptical laboratory test methods for electronic visual displays International Standard

306 Field assessment methods for electronic visual displays International Standard

307 \.naly3|s and cémpliance test methods for electronic visual International Standard

displays

308 Burface ‘€onduction electron-emitter displays (SED) Technical Report

309 Drganic light-emitting diode (OLED) displays Technical Report
20 © ISO 2008 — All rights reserved
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Part no. Subjectititle Current status

Physical input devices

400 Principles and requirements for physical input devices International Standard

410 Design criteria for physical input devices International Standard

411 Labo.rato.ry test an.d evaluation methods for the design of Planned

physical input devices
420 Selection procedures for physical input devices Under preparation
421 Workplage test and evaluation methods for the use of physical Planned
input devices

Workstation

500 Workstation layout and postural requirements Planned to reyise and replace I§O 9241-5
Work environment

600 Guidance on the work environment Planned to revise and replace ISO 9241-6
Application domains

710 Introduction to ergonomic design of control centres Planned

711 Principles for the design of control centres Planned to revise and replace ISP 11064-1

712 Principles for the arrangement of control suites Planned to revise and replace ISQ 11064-2

713 Control room layout Planned to revise and replace ISP 11064-3

714 Layout and dimensions of control centre workstations Planned to revise and replace ISP 11064-4

715 Control centre displays and controls Planned to revise and replace ISP 11064-5

716 Control room environmental requirements Planned to revise and replace ISP 11064-6

717 Principles for the evaltation of control centres Planned to revise and replace ISP 11064-7
Tagtile and haptic interactions

000 Introduction to tactile and haptic interactions Planned

910 Framework for tactile and haptic interactions Planned

020 Guidance on tactile and haptic interactions Under preparation

030 Haptic and tactile interactions in multimodal environments Planned

940 Evaluation of tactile and haptic interactions Planned

971 Haptic and tactile interfaces to publicly available devices Planned
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Annex B
(informative)

Influences on ergonomics parameters of visual displays

See Table B.1 for a summary.

Table B.1 — Items having influence on the ergonomic parameters of visual displays
Items (mainly) related to
Subclause Title display | application env’?rg::r?::\tal Remark
itself software o
conditions
51 Viewing conditions
511 Design viewing distance X
512 Dlesig.n viewing X
direction
513 Gaze and head tilt X X
angles
51.4 Virtual images See I1ISO 9241-303:2008, Annex|E.
5.2 Luminance
5.21 llluminance X X
522 Display luminance X X
523 Luminance balance X X
and glare
524 Luminance adjustment X X
Special physical
5.3 .
environments
5.31 Vibration X See 1SO 9241-303:2008, 5.3.2.
5.3.2 Wind and rain X See ISO 9241-303:2008, 5.3.3.
5.3.3 Excessive temperatures X See 1SO 9241-303:2008, 5.3.4.
5.4 Visual artefacts
5.4.1 Lumindsde X
nonsuniformity
5.4.2 Colour non-uniformity
5.4.3 Contrast non-uniformity X
544 Geometric distortions X (X) Exte.rnal electromagpetlc fields
can influence CRT displays.
5.4.5 Pixel faults X
Temporal instability
5.4.6 (flicker) X (X)
A . External electromagnetic fields
54.7 Spatial instability (jitter) X (X) can influence CRT displays.
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Items (mainly) related to

Subclause Title display application thslcal | Remark
itself software enwror?r_nenta
conditions
5.4.8 Moiré effects X
549 Other instabilities X
5.4.40 Unwanted v v
T reflections
54 11 Unintended depth X
effects
5.8 Legibili_ty and
readability
5.8.1 Luminance contrast X
582 Image polarity X See 1SO 9241-303:2008, 5.5.3.
543 Character height X X
594 Text size constancy
Character stroke
=
5345 width X X
Character
=
536 width-to-height ratio X
5.4.7 Character format X
548 Between-character X
spacing
549 Betwgen-word X
spacing
5.4 10 Between-line X
spacing
Legibility of
5.6 information
coding
. . Minimum contrast of digplay shall
5.4.1 LuminancCe,coding (X) X be high enough
542 Abs_olute luminance X X
ceding
5.6.3 Blink coding (X) X
. Display shall be able to|display
5.4.4 Colour coding (X) X {encugh) colours
5.6.5 Geometrical coding X

© 1SO 2008 — All rights reserved
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Table B.1 (continued)

Items (mainly) related to
i . I hysical i
Subclause Title display application envpirgnmental Remark/related requirement
itself software conditions
5.7 Legibi_lity of
graphics
Monochrome and
571 multicolour object X
size
Contrast for object Minimum contrast of display shqll
5.7.2 legibility X) X be high enough.
Grey and colour . .
5.7.3 considerations for (X) X (D;zg:?yhitlaolllotzﬁsable to display
graphics 9 ’
Background and . .
. Display-shall be able to displa
5.7.4 surround image (X) X (engugh) colours play
effects )
575 Number of colours | (X) X (De'ﬁg':gh“;";f)':ﬁ:b'e to display
5.8 Fidelity
5.8.1 Grey scale and For recognition of 16 grey steps
gamma X X X the gamma value has to be
adjusted concerning the lighting
conditions (see Annex D).
5.8.2 Rendering of X
moving images
5.8.3 Colour X
misconvergence
5.84 Image formation X
time (ITF)
5.8.5 Spatial resolution X
6 Other
considerations
6.1 Isotropic surfaces X
6.2 Anisotropic X
surfaces
6.3 Viewing angle X
range
6.4 Arilillefahilify X
6.5 Controllability X
6.6 Luminous X
environment
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Annex C
(informative)

Unwanted reflections

Screen surfaces are made of optical transparent material and reflect a part of the incidental light. This
reflection is either directed, as specular reflections (e.g. on untreated screen surfaces), or scattered (e.g. on
roughened screen surfaces). Work at visual display units is made more difficult by disturbing| glare and
reflections, since character contrast is decreased and, correspondingly, the recognizability of the eharacters is
wofsened. Furthermore, the user must pay more attention in order to clearly grasp the infarmation on the
screen. The clearer such reflections are, the more negative the effect they have on the user.

Table C.1 shows the maximum permitted luminance of disturbing light sources, depending on the reflection
clags of the screen for positive and/or negative polarity.

Thble C.1 — Luminances of luminaries and bright surfaces (disturbing light sources), depepding on
reflection class of screen

Di

fplay polarity Pos. Neg. Pos. Neg. Pos¢ Neg. Pos. Neg. | Pos. Neg.

Relflection class

(sde 5.4.10) I I | I Il I Il 1 1] 1]

AvErage luminance, L,

N
N

of disturbing light <1000 |<1000|<1000| 200 <1000 <200 ]|<1000| <200 DO | < 200

solurces, cd/m?

Th¢ workplace should be arranged in a dirgéction of view that is parallel to the main window frgnt and not
dirgctly at the windows. Windows close behind the user can cause reflections on the screen (see Higure C.1).
Reflections on the screen caused by.-‘windows, luminaries or other surfaces with high luminance can also
cayse a decrease of contrast on the screen (Figure C.2). Arranging screens in front of windows or|very bright
surfaces can cause direct glaretfrom too great luminance differences between the screen and the work
enyironment (Figure C.3). In orderto avoid this, the luminance of the disturbing light sources and qyality of the
screen should be adjusted s¢ as'to supplement one another.
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Key

1  window

Figure¢ C.1 — Glare from excessive brightness differences in field of view — Example: window

Figure C.2 — Disturbing light sources — Bright surfaces reflecting on screen
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Figure C.3 — Reflection protection measures and arrangement of workstation towards li

the window area.~The materials used for such light protection devices should allow an

trapsparency (transmission) and have a reflectance adapted to the walls. Light protection devices s

VIS

If t
wa

hal contact with the outside (Figure C.3).

ne reflection class of the display is unknown, then the user can estimate the display reflection
y by observing unwanted images (such as of him or herself) on the screen.

2\ R4 — =
It Bl
/| 2 — —
a) Natural light b) .Artificial light (luminaries arranged
above workplace)
/
window
partition wall
sun
vertical blinds (example)

at side,

ghting

h levels of luminancefrom daylight incidence can be restricted with curtains or blinds (e.g. verIcaI blinds)

ppropriate
hould allow

n a simple
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Annex D
(informative)

Display output linearization and evaluation of
achromatic ISO/IEC test chart output

for eight different ambient light reflections at office work places

D.1 General

D.1.1 Ter

For the pufposes of this annex, the terms and definitions given in ISO 22028-1 apply.

D.1.2 Linear input—output relationship for grey colours of ISO/IEC 15775'test charts

Depending
describe g

requirement for a linear relationship between the colorimetric coordinates‘and the visual colour output.

Table D.1

white, W,

ISO/IEC T
The output
the CIELA
the input W
the input—
between in
including e

ms and definitions

ey colours. Three sets of colorimetric coordinates are given in the next figure. There is a basic u

for the offset reflective system, ORS18. The values in Table D.1 are taken fi
R 19797:2004, which defines a method for output linearization of a 16-step grey and colour ser
can be measured and for the standard output, @RS18, the measurement data, LAB*, are give
B * lightness data are used, then the calculaied relative output lightness, /*, data are identical
hiteness, w*, data, which are used by the PostScript operator, setgray, in the digital file. In this ¢
butput relationship in a w*[* diagram ‘is"a diagonal line which indicates a linear relations
put and output. The output linearization'method of ISO/IEC TR 19797 matches all these intentig
qual output for the three equivalentcelorimetric input coordinates.

Table D.1 — Equivalent.colorimetric coordinates for device system, ORS18

Five steps of colour-series Colour space, coordinates and PostScript operator

shows equivalent colorimetric coordinates for a five-step grey series between black, N, jand

on the application, a single set of colorimetric coordinates of many sets is used to define and

ser

om
es.
f
to

hse,
hip
ns,

NOTE
Equation (D

l*:(L

28

R

black—white (N~W) calculations according to ISO/IEC 15775

Linear mixture’between CIELAB (absolute) CIELAB relative
blaogkald white L* a* b*=LAB* lab®l = w* lab*olv = rgb*

i ,a’, b™= = =

in CIELAB colour space 1 AB* setcolor Ww* setgray rgb* setrgbcolor
1,00 N + 0,00 W 18,01 [ 0,50 [-0,40 0,00 0,00 | 0,00 |0,00
0, 75N +0,25W 37,75 | 0,10 | 0,80 0,25 0,25 | 0,25 | 0,25
0,50 N + 0,50 W 56,70 [-0,10 | 2,10 0,50 0,50 | 0,50 |0,50
0,25N+0,75W 76,05 [-0,50 [-3,40 0,75 0,75 [ 0,75 0,75
0,00 N +1,00 W 95,41 (-0,98 | 4,76 1,00 1,00 | 1,00 | 1,00

Colorimetric relationship pf LAB*, w*, rgb™ for the five-step scale: black—white

Relative lightness, /%, is calculated from the CIELAB lightness, L*, of grey and L*\ of black and L*,, of white by

A):

(D.1)
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The input—output relationship is usually non-linear but can be made linear using the following method.

First, a file with 16 equally spaced device input coordinates, w, (without *) and the PS operator, w, setgray,
produce an output. For the grey output colours the absolute lightness, L* data are measured and the relative
output lightness, [*, data calculated. Then, for equally spaced relative output lightness, [*, a device-dependent
mapping between w* and w solves the problem. If the software transforms the 5 or 16 equally spaced digital
w* values in the file to the device-dependent w values, then the output is visually equally spaced and the
intended equally spaced /* output data are produced.

D.1.3 Linear input—output relation of non-linear sRGB space according to IEC 61966-2-1

IEC 61966-2-1 defines the relationships between different colour coordinates of the sRGB coleut$pace, and
CIgEXYZ, and CIELAB. There are linear (Rsggg = #) and non-linear (R'sgrgg = r*) coordinates,if 1EC 51966-2-1.
The linear coordinates (rgb) have a linear relationship to CIEXYZ and the non-linear coordinates (f.¢b*) have,
for|the achromatic colours, a linear relationship to the CIELAB lightness, L*.

Th¢ connection between linear and non-linear coordinates used in IEC 61966-2-1 is approximately:

1
R¢res = (RsreB )A‘" (D.2)

which, for the achromatic colours, is very similar to the following colorimietric equation (0 < Y < 100):

L =100 (Y/1oo)%,4 (D.3)

which, in the range 1 < ¥ < 100, is a good approximationfor the CIELAB lightness, L* defined as:

L :116(Y/1oo)% - 16 (D.4)

NOJTE If Equations (D.2) and (D.3) are compared and the linear relationship between R pg and Y used,|then R' pop
must be linearly related to the CIELAB lightneSs; L*, and the relative CIELAB lightness, /*, as defined in Equation (D.1). All
prirfter and nearly all monitor applications(operate in the range 1 < Y < 100, then, approximately:

o . 1
I =L /100:(Y/100)A,4
Different exponents or “gamma™values will be used in some figures later.

Therefore, at least in-the range between black (L*\ =8, /*y = 0) and white (L*y =95, I*\y = 1), thg RGB'rgp
(rgb*) data have a\linear relationship to the relative lightness, /¥, data. In application, therefore, the so-called
sREGB deviceshave a linear input—output relationship between the RGB';ggg data in the file and thg measured
relative lightness, [*, of the output.

NOJTE White standard offset paper has a luminance reflectance of ¥ = 88,6 and not Y = 100. The Y valueg used in the
eqyation” of the sRGB space are usually normalized to the media white. According to ISO/IEC(15775 and

ISC N TR 24706 ik ol AR P~ H it =i P~ H kbl 1 dafi b Lot Lakt 4 a0 Th f
HECTR-24705—the—GCHEEAB—media—white—and—media—black—define—the—relative—lightress—+—anrd—06- erefore,

Equation (D.1) for relative lightness is the only correct colorimetric equation and thus the only one used in this annex.
Colorimetric device coordinates with a linear relationship to the coordinates of CIELAB are called “star” (*) coordinates;
others with a linear relationship to the coordinates of CIEXYZ are defined without the “*”.

D.1.4 Large change of the input—output relationship by display reflections of the ambient
light

ISO/IEC TR 24705 includes tables for the grey and colour changes on displays caused by different ambient
room light reflections on the monitor surface. For comparison of hardcopy (paper) and softcopy (monitor)
output, a standard display according to ISO/IEC TR 24705 is normalized for black and white to the same
lightness compared to the standard offset paper.
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A white lightness, L%y = 95,4 (luminance factor Y}, = 88,6), and a black lightness, L* = 18,01 (luminance
factor Y\ =2,51), are used. The luminance factor, ¥ =2,51, is taken as standard ambient room light
reflection on the monitor surface. For displays used in offices, a range between Yy =1 and Yy=10 is
appropriate. The luminance of LCD monitors is in general higher compared to CRT monitors. Therefore, for
equal room light luminance, LCD monitors have a lower room light reflection than CRT monitors.

D.1.5 Linearized output and input—output relationship by eight different display reflections of
the ambient light

Tables for different room light reflections can be calculated between Y\ =0 and Yy = 40. For the standard
ambient r¢ffections; the tuminance contrast between white and bfack 15 Ty Ty = 88,06:.2,5 = 37- 1. | he
luminance [contrast decreases from very high values if Yy is near zero up to the value Y,y:Y = 88,6:40=[2:1
for about 40 % room light reflection. For good legibility of the display output, a luminance contrast.of ‘at Igast
3:1 is the minimum ergonomic requirement (see ISO 9241-303).

NOTE For data projectors used in daylight offices, the relation between projector and room luminance on the screen
can reach the ratio 2:1. In this case, 16 grey steps can still be distinguished if the relative luminance on the screeh is
adjusted to fhe real lighting and viewing conditions.

Figures D.] to D.6 show six output pages of a 16 page file that includes the calculations for eight room light
reflections| see the following URL (16 pages, 1,7 MB):

http://\vww.ps.bam.de/ME15/10L/L 15EQ0FP.PDF

The output of this file produces 16 pages for eight different luminance ratios between Y):Yy = 88,6:0 and
YN = 88,6:40 = 2:1.

The unevgn pages (1, 3, ..., 13, 15) are intended to produce. a linearized output of the ISO/IEC test chart
according fo ISO/IEC 15775.

The even |pages (2, 4, ..., 14, 16) produce the input—output relationships and some tables defined in
ISO/IEC 1%775:1999, Annex G.

For a linearization method and a linearized display output of the achromatic ISO/IEC test chart no. 3, see fthe
following URL (1 page, 100 kB), which forms the basis for the ISO test report of this part of ISO 9241.

http://\vww.ps.bam.de/ME16/10L/L T6EOONP.PDF

The graphlical elements and _the ‘methods for this evaluation are identical to the methods given| in
ISO/IEC 1%775 and in ISO/IEC-TR 24705 for monitor output.

For the test reports, FormmA and Form B of this annex are necessary for the computer display and/or fthe
external digplay.

A flowchart is given for all steps, including the linearization method and the two test reports.

Figure D.1| shows the ISO/IEC test chart no. 3 according to ISO/IEC 15775 for the high contrast rapge
(Y : Yy =88,6:0,0, L*y:L*\ = 95,4:0,0). Figure D.1 is produced by the output of the 16 page file on page
no. 1.
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M

Landolt-rings W-N
MEI151-1, Element D: Landolt-rings W-N; PS operator: w’

* setgray

v i o Y M T E
www.ps.bam.de/ME15/10L/L15EOOFP.PS/.PDF; linearized output -:l
F: Output Linearization (OL) data ME15/10L/L15EOOFP.DAT in File (F)
background step 0 1 ring step 0-1
Hex code Hex code i
¥ 7 8 7-8
E F E-F
2 0 2:0
8 6 8-6
F D F-D

code: background-ring

//:dny :uonRULIOJUT [ROTUYIS],

ME150-3, iemens-stars) N-W, W-N, w* setgray

er diameter in Ipi
MEI51-3, Element E: Line raster under 45° (or 135°); PS operator: w*

seigray

L*/Yintendea 0.0/0.0
)

23.9/4.1

JSTAIN/AP weq sd Amm//:dny :So[1j JR[IWIS J0J 909G

[¥7co/op teq sd™

47.7/16.6 71.6/43.0 95.4/88.6 No(min.) Wj(max.)

5 T e
& DI
|||III|I|IIIIII\|||||||||||H|||l|l||||||||||||

ORI

T T

| |
I

T =«
TN -
I
III 1]

Add’/Sd'dH00dS 1T/ 101/STHN-T0P0800T uonensisar Nvd

3 IR
° o

- No. and

é' Hex code | I ”l”

L e

N W=l B, - I I || |

= (relative)

[ Wihtended 0,0 0248 0498 0749 1.0 No(min.) Wi(max.) 1 1

o Y/ Yimax 0.0 0046 0187 0485 10

N

=

L*/Yintendea 0.0/0.0  6.4/0.7

(absolute)

No. and
Hex code

e
¢ _l('IEIAB T

IR

0.16

relative)
Wintended 0.0 0.067 0.133 0.2 0.267 0.333 0.4
Y/ ¥imax 0.0 0.008 0.017 0.031 0.051 0.079 0.115
ME150-7, Element C: 16 visual equidistant L*-grey steps; PS operator: w* setgray

&=

0.216 0.284

Pdge 1/16; recognition of 16 grey steps; Contrdst rangeYw:Yn = 886

0.733
0.459

Test chart ME15 according to ISO 9241-306; test chart'3 according to ISO/IEC 15775  input: w* setgray
output: w* setgray

0.667
0.365

(X
0.569

0.867
0.695

JPOD ([RLIPW NV

0°0 1 1'S6 = Uy T:My T 93ue1 Jsenuod gy1910 Yim indino Aedsip onewoiyoe 1oy uonesrddy.

eIyl

0.933 1
0.838

I3

Fi

Fig

(Yyf: Yy = 88,6:0,0, Lyy:L* = 95:4:0,0).

ure D.2 shows the linearized jinput—output relationship of a monitor system for the high con
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v L o 34
-_l www.ps.bam.de/ME15/10L/L15EO1FP.PS/.PDF; linearized output
F: Output Linearization (OL) data ME15/10L/L15EO1FP.DAT in File (F)

M

N |

P i LABYref Iout LAB¥out LAB*owlcref  AE* Start output S1 i LAB*rel Fout  LAB*out LABfowcref  AE* Intended output S2
€] ? & 100 00 00 00 001 00 00 00l 00 00 001 Specification according to 100 00 00 00 00 00 00 00 00 00 001 Specification according to _ug ?3
g @ 2 63 00 00 007 636 00 00 00 00 00 001 ISO/IEC 15775:1999 Annex G 2 636 00 00 007 636 00 00 00 00 00 001 ISO/MEC 15775:1999 Annex G =] Z
52 31272 00 00 013 1272 00 00 00 00 00 001 31272 00 00 013 1272 00 00 00 00 00 001 5
& o 41908 00 00 02 1908 00 00 00 00 00 001 41908 00 00 02 1908 00 00 00 00 00 001 £33
'—5 52544 00 00 027 2544 00 00 00 00 00 001 52544 00 00 027 2544 00 00 00 00 00 001 50.3
- 2
52 6318 00 00 033 318 00 00 00 00 00 001 6318 00 00 033 318 00 00 00 00 00 001 =1
o] 73816 00 00 04 3816 00 00 00 00 00 00l 73816 00 00 04 3816 00 00 00 00 00 00l o8
g = 84452 00 00 047 4452 00 00 00 00 00 001 84452 00 00 047 4452 00 00 00 00 00 001 ; o}
S5 9508 00 00 053 508 00 00 00 00 00 001 9508 00 00 05 508 00 00 00 00 00 001 o=
=3
v 5% 105725 00 00 06 5725 00 00 00 00 00 00l 105725 00 00 06 5725 00 00 00 00 00 0ol EQ L
sz 1636l 00 00 067 6361 00 00 00 00 00 00l @6l 00 00 067 @6l 00 00 00 00 00 00l % S
=5 126997 00 00 073 6997 00 00 00 00 00 001 126997 00 00 073 97 00 00 00 00 00 00l s X
=< 137633 00 00 08 7633 00 00 00 00 00 001 137633 00 00 08 7633 00 00 00 00 00 00 =88 <
= 148269 00 00 087 8269 00 00 00 00 00 001 145269 00 00 087 869 00 00 00 00 00 001 al
; = 158905 00 00 093 8.05 00 00 00 00 00 001 Mean lightness difference (16 steps) 158905 00 00 093 8%.05 00 00 00 00 00 001 Meanlightness difference (16 steps) >
2= L o2 B B A e o e Lk B o B B B ) a2 T =
B 17 fo 00 00 00 001 00 00 00 00 00 ool 1700 00 00 00 00 00 00 00 00 00 0ol NGl
S o 182085 00 00 025 285 00 00 00 00 00 001 182385 00 00 025 285 00 00 00 00 00 001 &9
= 194871 00 00 05 4771 00 00 00 00 00 001 194771 00 00 05 4771 00 00 00 00 00 0Ol s
Y g 5 207}56 00 00 075 7156 00 00 00 00 00 001 Mean lightness difference (5 steps) 207156 00 00 075 7156 00 00 00 00 00 00 Mean lightness difference (5 steps) "g =l °
ER 2okt 00 00 10 9541 00 00 00 00 00 001 ALtaEap= 00 219541 00 00 10 S541 00 00 00 00 00 001 AL¥cErap= 00 g
'%_ E Mean colour reproduction index: R¥gpm= 100 Mean colour reproduction index: R¥ypm= 100 g 5
=
Noxesl ME] 50-3, Meas.: Measure unknown; Device: Device unknown; Date: Date unknown ME151-3, Meas.: Measure unknown; Device: Device unknown; Date: Date unknown =
1= =
3G o=
— uges
linearized output of File: Measure unknown linearized output of File: Measure unknown [& g
W 1,00 T A W1,00T A Za
R z g AT EooTiTGEE /
< gamma=2.4=2.4x 1.0 V7 * (dash—star) coordinates 4 & % :
2 o wibutput s 47 wioutput visual change by monitor surface ’ S g Y
] " 10 ' B o Py =1
Z. W =[w efle:
5 L ot [ input 1 o reflexion of room lighting . g T
= s ’ @
o 0751 J 4 0751 , 4 2
=) o s /7 g%
g ’ s 5 >
= P 7 . s a5 2
T s ’ (e
z 7
< 1 s 4 1 s ’ ool =
= 0.50 7 P 0.50 J 7 -
L 4 4 Z 4 S8 ™
i 4 s s 2
. P * £
7 , % #* (star—dash) coordinates P L, 4 =
[e]
7’ r i e s
0251t s of real output without 025t , \;l; g
, # monitor reflection in dark room - ’ VAS)
‘ / 4l
4 winput 4 winput 2 B
’ ’ o¥
V0,00 + + + + i N 0,00 + + + + 1 oF
#l 4 =
Vi N oo~z 025 0.50 0.75 1,00 W Noo7s 025 0.50 0,75 1,00 W
3] 50-7, File: Measure unknown; Device: Device un! n; Date: Date unknown ME150-7, File: Medsure unknown; Device: Device unknown; Date: Date unknown in
Sp tion of Page 1/16 according to ISO/IEC 15775:1999 Annex G input: w* sergray
Page 2/16; recognition of 16 grey steps; C()nlmsl range Yw.:¥Yn = 88 6:0.0 output: w* sergray
: < o

Figure D.2
three rgb
lightness, | =

Figure D.2 — Linearized input—output relationship, page no. 2, for high contrast range

is produced by the output of the. 16 page file on page no. 2. The input values may be the edual
values of the sRGB colour space (IEC 61966-2-1) and the output values, the relative CIE{AB
L-r N /(L W~ L nJ- The absolute CIELAB lightness, L* between the black lightness, 1*

N>

and the white lightness, L*, ar€ given in the tables shown in Figure D.2. They are equally spaced betwg¢en
the value gero and the value 95,4, which is the standard normalization for both monitors and the white

standard
and D.6,

set paper (cfASO/IEC 15775 and ISO/IEC TR 24705). In Figures D.3 and D.4 and Figures
e black lightness, L*, changes from 0 to 18 and up to 70, respectively. This leads to lafge
changes of the lightness and luminance contrast ratios.

D.5

Figure D.3|shows the ISO/IEC-test chart no. 3 according to ISO/IEC 15775 for the medium contrast rapge

(Yo : Yy =(88:6% 2,5, L%,

L*\ =95,4:18,0). Figure D.3 is produced by the output of the 16 page file

on

page no. 7.
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in lpi
MEI51-3, Element E: Line raster under 45° (or 135) ¥ operator: w* seigray

v L o Y M T -
www.ps.bam.de/ME15/10L/L15E30FP.PS/.PDF; linearized output -:l
F: Output Linearization (OL) data ME15/10L/L15E30FP.DAT in File (F)
background step 0 1 ring step 0-1
A ;(g,, Hescode g oot s .
g g E F E-F
g 2 2 0 20
°F HWOO00CC OO =
El= F D F-D
22 Landolt-rings W-N code: background-ring
vogn MEI3I-1, Blement D: Landolt-rings IW-N; PS operator: w¥ sefgray 3
=5
i
==
e
g
2
o
<
<
o
©Q

[¥7co/op teq sd™

11

% T I
& A

AQd’/Sd dH0€ASTT/101/STHN-T0P0800T uonensisar Avd

QT 1 H°S6 = Uy T oy T d3ueI Jsenuod gy 191D Pim ndino Lerdsip oneworyoe 10j uoneorddy.

|
° g I '
3 R
B UL |||I||||||||| || =
B T MR g eew miew 2
=]
L : L*/Yintended 18.0/2.5 23.2/3.8 28.3/56 33.5/7.8 38.6/10.5 43.8/13.7 49.0/17.6 54.1/22.1 59.3/27.3 64.4/33.4 69.6/40.2 74.8/47.9 79.9/56.6 85.1/66.2 90.2/76.8 95.4/88. ED' “
<
. 4
%
&
SHEEn

LA J
Winputeq 0.0 0.121 0.214 0.29 0.358 X z . 0 503 0.718 0.775 0.831 .887 0 944
/ Yimax 0.0 0.015 0.036 0.061 0.092 . ). .227 58 0.438 0.527 0.628 0.74

ME150-7, Element C: 16 visual equidistant L*-grey steps; PS operator: w* setgray

Test chart ME1S5 according to ISO 9241-306; test chart'3 according to ISO/IEC 15775 input: w* setgray -
Pdge 7/16; recognition of 16 grey steps; Contrdst rangeYw:Yn = 88 6:25 output: w* sergray
T

Figure D.3 — ISOJ/IEC test chart'no. 3, according to ISO/IEC 15775, page no. 7,
for-medium contrast range

Figure D.4 shows the input—output relationship of a monitor system for the medium standard confrast range
(YW:YN = 88,6:2,5, L*y:L*\ %.95,4:18). Figure D.4 is produced by the output of the 16 page file on page no. 8.
In the dark room, the output appears lighter (table and figure on left side of Figure D.4). The daylight reflection
on [the monitor surface‘creates the inverse input—output relationship. This finally leads to the equally spaced
oufput values of thelightness L* in the right top table shown in Figure D.4. Luminance measurements lead
apI)roximater to-the same values. Without the monitor surface reflection, the output values, L[, of the
lightness are netequally spaced (compare left top table).

Figure D.5-shows the ISO/IEC test chart no. 3 according to ISO/IEC 15775 for the low confrast range
(Y:YN$='88,6:40.6, L*y:L*\ = 95,4:70,0), and is produced by the output of the 16 page file on page{no. 15.

© 1SO 2008 — All rights reserved 33


https://standardsiso.com/api/?name=1c1d4f24baf7a18a4b32ceede330d5e0

ISO 9241-306:2008(E)

v % o Y M o
www.ps.bam.de/ME15/10L/L15E3 1FP.PS/.PDF; linearized output
F: Output Linearization (OL) data ME15/10L/L15E31FP.DAT in File (F)
S i LAB*ref Fou  LABFout LAB*ouleref  AE* Start output S1 i LABef Fout  LABout LAB*owlersf  AE* Intended output S2
o & 11801 00 00 00 1802 00 00 001 00 00 001 Specification according to 11801 0.0 00 00 1801 00 00 00 00 00 001 Specification according to >
o & P g P 2 5 >
g0 22317 00 00 012 2738 00 00 421 00 00 421 ISO/EC 15775:1999 Annex G 22317 00 00 007 217 00 00 00 00 00 001 ISO/EC 15775:1999 Annex G =R
52 32833 00 00 021 345 00 00 627 00 00 627 32833 00 00 013 2833 00 00 00 00 00 0Ol 5
& o 43349 00 00 029 4042 00 00 69 00 00 69 43349 00 00 02 349 00 00 00 00 00 001 £33
'—5 53865 00 00 036 4571 00 00 706 00 00 7.06 53865 00 00 027 3865 00 00 00 00 00 001 50.3
5 E: 64381 00 00 042 5068 00 00 687 00 00 687 64381 00 00 033 48 00 00 00 00 00 00l 5z
o] 74897 00 00 048 5547 00 00 65 00 00 65 74897 00 00 04 4897 00 00 00 00 00 0Ol o8
§ = 85413 00 00 054 613 00 00 60 00 00 60 85413 00 00 047 5413 00 00 00 00 00 0Ol ; I3
S5 95020 00 00 06 6472 00 00 543 00 00 543 95920 00 00 05 929 00 00 00 00 00 0Ol o=
=3
v 5% 106445 00 00 066 6219 00 00 474 00 00 474 106445 00 00 00 00 00 00 00 ool EQ L
sz sl 00 00 072 T 00 00 395 00 00 358 00 00 00 00 00 00 00 o0l g S
=5 127477 00 00 077 779 00 00 32 00 00 32 00 00 00 00 00 00 00 0ol s X
= 137993 00 00 083 233 00 00 24 00 00 24 00 00 00 00 00 00 00 o0l =88 <
Eg 148509 00 00 089 867 00 00 16l 00 00 L6l 00 00 00 00 00 00 00 0ol al
; = 159025 00 00 094 9105 00 00 08 00 00 08 Meanlightness difference (16 steps) 00 00 00 00 00 00 00 001 Mean lightness difference (16 steps) 7
Z = L o B B A e o e Lk B o B B ) a2 T S
=3 171f01 00 00 00 1802 00 00 00 00 00 00l 171801 00 00 00 1801 00 00 00 00 00 001 NGl
S o 183}36 00 00 034 4439 00 00 702 00 00 7.02 183736 00 00 025 3736 00 00 00 00 00 0Ol o %
2= 195471 00 00 057 6243 00 00 571 00 00 571 195671 00 00 05 671 00 00 00 00 00 0Ol s=
Y g 5 207406 00 00 079 7906 00 00 299 00 00 299 Mean lightness difference (5 steps) 207606 00 00 075 7606 00 00 00 00 00 001 Mean lightness difference (5 steps) "§ =l °
ER sofar 00 00 1o 9541 00 00 00 00 00 001 ALtaEap= 32 219541 00 00 10 S541 00 00 00 00 00 001 AL¥cErap= 00 g
o 2 Mean colour reproduction index:  R¥uym= 82 Mean colour reproduction index:  R¥ipm= 100 = 5
1 =
Noxesl ME] 50-3, Meas.: Measure unknown; Device: Device unknown; Date: Date unknown ME151-3, Meas.: Measure unknown; Device: Device unknown; Date: Date unknown = m
NG o=
N eehey
= ey
linearized output of File: Measure unknown linearized output of File: Measure unknown [& g
100 ; W1,00T A Za
K ’ g AT EooTiTGEE 7
< gamma =1.86 = 2.4 x 0.775 P * (dash~star) coordinates .4 = % !
2 o wibutput Ve 44 w¥output visual change by monitor surface 747 S g
Z. W =[w 9273 v A4 reflexion of room lighting ‘47 27
o) output input £ A ]
=1 ]
o 075+ A /; g
o (s g%
o 5 >
= ® L
— 38
T 0501 0501 *g
Re)
L =1
73 , 7 #* (star—dash) coordinates =
o)
1 124 of real output without 1 g
ot g0 S v . ok 025 &
i monitor reflection in dark room Vi)
P 4 »l
Y 4 winput winput =B
’ =3
/0,00 + . . + i N0.00 : . ' t | s
X 7 X 7
Vi Noo7s 025 0.50 0.75 1,00 W Noo7s 025 0.50 0.75 1,00 W £
507 Tile: Measure unknown; Device: Device unknown; Date: Date unknown MET50-7, File:; Medsure unknown; Device: Device unknown; Date: Date unknown
Colorimetric specification of Page 7/16 according to ISO/IEC 157751999 Annex G input: w* sergray
Page 8/16; recognition of 16 grey steps; Contrast range Yw:Yn =886 2.5 output: w* sergray
o T M Y o) 3

-
.

ure D.4 — Input-output relationship, page no. 8, for standard medium contrast range
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ISO 9241-30

6:2008(E)

M (&

@l

background step 0 1 ring step 0-1

v L o Y
www.ps.bam.de/ME15/10L/L15E70FP.PS/.PDF; linearized output E
F: Output Linearization (OL) data ME15/10L/L15E70FP.DAT in File (F) @

30 \‘ 1/ [/ Hex code Hex code

(Qj— E \\\\l\\\“ //////// 7 8 7-8
=5 = T R
Se — §§ 2 0 2-0

5 r
=2 //n\\\\ s :
§ E l l \\ F D F-D
u % (1] Radial grating (Siemens-star) W-N Landolt-rings W-N code: ring L

ME151-1, Element D: Landolt-rings W-N’; PS operator: w* seigray

= w///////%//// _
X N0 R

aster diameter in Ipi
MEI150-3, ens-stars) N-W, W-N, N-Z and W-Z; PS operator: w* setgray ~ MEI51-3, Element E: Line raster under 45° (or 135°); PS operator: w* seigray

TH /oD Weq Sa A
[STHN/Op ureq'sd

Ul
IR

|
I
1N

linerfistdr diameter in Ipi

Add’/Sd dA0LASTT/I0T/STHN-T0P0800CT Uonensisar NV

TT=0T ¢ WORTOA

MEI50-5, Element B: 5 visual equidistant L*-grey steps + NO + W1; PS operator: w* sefgray MEI51-5, Element F: Line raster under 90" (or 0°); PS operator: w* sefgray

&
&

05;A 069 07;8  08;7 ;; 10;5 1134 12;3 13;2 1451 1550
\
N
.
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Vo3

00;F OGE 02D 03;C 04B

JPOD ([RLIPW NV

69 1 1'S6 = Uy My T 93uel Isenuod gy 110 Yim indino Aedsip onewoiyoe 1oy uonesrddy.

eyl

1 ME150-7, Element C: 16 visual equidistant L*-grey steps; PS operator: w* setgray
- |Tcsl chart MEI5 according to ISO 9241-306; test chart'3 according to ISO/IEC 15775  input: w* setgray -_

@

Page 15/16; recognition of 16 grey steps; Contrast range Yw:Yn = 88.6: 40.3 output: w* sergray
6 C M Y ) T

Fi

ure D.5 — ISO/IEC test chart no. 3, according to ISO/IEC 15775, page no. 15, for low conti

ast range

Figure D.6 shows the input—oltput relationship of a monitor system for the low contjast range

(YW:YN = 88,6:40, L*:L*\ = 95,4:70), and is produced by the output of the 16 page file on page n
low contrast range can appéar on the projection screen if data projectors are used in the daylight
calgulated medium lightness- difference is equal in Figures D.4 and D.6 (value 4,1). In the low cont
thefre is a reduced lightness range, AL* = 25, instead of the much larger lightness range, AL* =
medium contrast range: If, in the dark room, the grey scale includes insufficient steps in the dark a
appears equally spaced in the daylight office for the luminance contrast ratio 2:1.

0. 16. This
office. The
rast range,
77, for the
rea, then it
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