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Foreword

1SO 9241-7:1998(E)

ISO (the International Organization for Standardization) is$

federation of national standards bodies (ISO member badies).
preparing International Standards is normally carried\ out

technical committees. Each member body interested in‘a subj
a technical committee has been established has the.right to be
on that committee. International organizations,” government
governmental, in liaison with ISO, also_take part in the
collaborates closely with the International’ Electrotechnical

(IEC) on all matters of electrotechnical standardization.

Draft International Standards adopted by the technical con
circulated to the member bodi€s_for voting. Publication as an
Standard requires approval by<at least 75 % of the member bg
a vote.

International Standafd 4SO 9241-7 was prepared by Technic3
ISO/TC 159, Ergonomics, Subcommittee SC 4, Ergonomic
system interaction.

ISO 9241 eonsists of the following parts, under the general titl
requirernents for office work with visual display terminals (VDT

Part 1: General Introduction

Part 2: Guidance on task requirements

Part 3: Visual display requirements
Part 4: Keyboard requirements
Part 5: Workstation layout and postural requirements

Part 6: Environmental requirements

a worldwide
The work of
hrough 1SO
bct for which
represented
Al and non-
work. 1SO
Commission

mittees are
International
dies casting

| Committee
s of human

e Ergonomic

5):

Dot 7. [ H P 4 'H / ) £ b
~art 7. IRSYyuircrricins 1or dispiay VWitlt TCTicCiuurio

Part 8: Requirements for displayed colours
Part 9: Requirements for non-keyboard input devices
Part 10: Dialogue principles

Part 11: Guidance on usability

Part 12: Presentation of information
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—  Part 13: User guidance
—  Part 14: Menu dialogues

—  Part 15: Command dialogues
—  Part 16: Direct manipulation dialogues

—  Part 17: Form-filling dialogues

Annexes A, B, C and D of this part of ISO 9241 are for information only.
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Introduction

1SO 9241-7:1998(E)

Visual display terminals (VDTs) are subject to reflections ofe
luminance and illuminance from the display device surfaces.

nvironmental
Under some

conditions, the reflections become disturbing to the user and affect both

comfort and task performance. The objective of this” part of IS
maintain usable and acceptable VDT image quality in lumin
ments that can cause reflections from the screen.

The document is intended for evaluators-and users of VDTSs.
to be used with 1ISO 8995, ISO 9241-3,/ISO 9241-6 and IS
provide guidance for the visual ergonomics of the VDT]

0 9241 is to
DUS environ-

t is intended
O 9241-8 to
workplace.

Compliance with this part of ISO 9241 is dependent on the hardware

characteristics of the VDT, except for polarity that can be
dependent.

This part of ISO 9241 contains requirements and 1
measurement of the,image quality of VDTs used in luminous &
that can cause .spéecular and diffuse reflections from

ISO 9241-3 and SO 9241-8 contain requirements that deal wi
and luminance! ratios for VDT images measured under co
exclude specular reflections. These parts of 1ISO 9241 inter
part of NSO 9241. VDTs that meet the interacting requir
recommendations of ISO 9241-3 and 1SO 9241-8 do not nece
those/of this part ISO 9241 and vice versa.

[SO 9241-6 and 1SO 8995 contain specific recommendations
design of the workplace luminous environment to minimizg
glare. The luminous environment conditions used to determing
with this part of ISO 9241 are drawn from, or are cor
recommendations and requirements of these International Sta
luminous environment values used to determine compliance t
ISO 9241 do not constitute specific recommendations or requ
workplace lighting.

The burden of a visually acceptable VDT workplace is a tradg
the display hardware and the VDT environment. To acknd

application-

nethods for
nvironments
the screen.
h luminance
nditions that
act with this
ements and
ssarily meet

concerning
sources of
compliance
sistent with
hdards. The
b this part of
irements for

boff between
wledge that

tradeoff,compliance—with—this part of 1S6—9241tHasbeen

eveloped in

three classes, each with rules for decision based on environmental

assumptions.

Although the decision rules are not expected to be exactly dup

licated in the

workplace environment, they do correspond approximately to general types
of workplace environment to which VDTS are expected to be suitable:
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Class Environment
I suitable for general office use
Il suitable for most, but not all, office environments

1 requiring a specially controlled luminous environment for use

An alternative test method is provided for VDTs whose characteristics
preclude use of the quantitative test method.

NOTE — 1SO 13406 extends the deflnltlons requirements, and test method of

thls part Of | 00241 for flot _nonalc o alarr—andlortmikpaneca—cantractia.
J

po—o T Ottt pPaicrs uvuuu\. oot f—aRtrorTHHRaRee—eoRtastis

strongly depgndent on the direction from which they are viewed, and whose
reflection chafacteristics can vary with the logical state of the screen.

Vi
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Ergonomic requirements for office work with visual display

terminals-(VDTs) —

Part 7}
Requifements for display with reflections

e reflections
methods are

establishes image quality requirements for VDTs used in luminous, environments that may caug
from the screen. The requirements are stated as performance:or‘design specifications, and test
provigled.

appligs to the ergonomic design of direct-view electronic displays for office tasks, including such| activities as

data entry, text processing and interactive inquiry. Office tasks are performed indoors, without
direc{ sunlight. The recommendations can possibly-be appropriate for other tasks, including pro
graphic design and computer-aided design, but theirapplicability has not been established.

appli¢s to monochrome and multicolour displays: The following displays and similar types are e

exposure to
Cess control,

cluded from

irtual image

olour and/or
bn properties
missive VDT

nce contrast does not vary-strongly as a function of the viewing direction, and whose reflecti
t vary as a function of the-logical state of the screen. The test method is suitable for e

techrlologies, such as cathode ray tubes, and some flat panels.

NOTE —
crystal disy

VDTs using display devices for which the test method of this part of ISO 9241 is not suitable (for e
lays) are directed to-1SO 13406-2.

xkample, liquid

2 Normative references

The following standards contain provisions which, through reference in the text, constitute provisions gf this part of
ISO 92411 At the time of publication the editions indicated were valid All standards are subject to fevision, and
parties to agreements based on this part of ISO 9241 are encouraged to investigate the possibility of applying the
most recent edition of the standards indicated below. Members of ISO and IEC maintain registers of currently valid
International Standards.

ISO 9241-3:1992. Ergonomic requirements for office work with visual display terminals (VDTs) — Part 3: Visual dis-
play requirements.

ISO 9241-8:1997, Ergonomic requirements for office work with visual display terminals (VDTs) — Part 8: Require-
ments for displayed colours.

CIE 17.4: 1989, International Lighting Vocabulary.
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3 Definitions and symbols

3.1 Definitions

©1SO

For purposes of this part of ISO 9241, the definitions given in 1ISO 9241-3 (except in 3.1.5) and the following
definitions apply.

3.1.1 dark room: Room in which the only sources of light are the VDT under test and the prescribed sources of
luminance or illuminance.

3.1.2 exten

ded source of luminance:

Area of uniform luminance, LaExT) with a width or diameter of at least 15°

measured fr

3.1.3 lumin
illumination)
medium. [se

NOTE — lti

3.1.4 lumin
conditions o
perfect refle

3.1.5 lumin

the ratio is the sum of emitted and reflected luminance components, with one or more components comm

the numerat

NOTE — To|
luminance ratf
1ISO 9241-3.

3.1.6 negafive polarity:

display, and

3.1.7 positi
display, and

3.1.8 refled
luminance ¢

NOTE —Th
on the spectr

bm the VDT screen centre.

ance coefficient  (at a surface element, in a given direction, under specified “con
gv, g]: Quotient of the luminance of the surface element in the given direction by the. illumina
b [EC (50) 845-04-71].

5 expressed per steradian.

ance factor (at a surface element of a non-self-radiating medium, ift a*given direction, unde
f illumination)(B,, P): Ratio of the luminance of the surface element’in the given direction tg
ting or transmitting diffuser identically illuminated [based on IEC\(50) 845-04-69 unit: 1] (unit:

Ance ratio:  Ratio between a higher and a lower area-average luminance, in which each lun
br and the denominator.

reduce potential confusion, the terms contrast anduminance contrast are avoided in this part of ISO
os of this part of ISO 9241 do not correspond to-the luminance contrast within and between charactsg

Condition in which the*foreground luminance Lg is the highest luminance le
the background luminance, Lg is-the lowest luminance level of the display.

ye polarity:  Condition in which the foreground luminance Lg is the lowest luminance lg|
the background luminance, Lg is the highest luminance level of the display.

fometer value: ~ Value measured using the test method of this part of ISO 9241 for t
pefficient, Rpqan-estimate of g) and the specular reflection factor, Rg (an estimate of j3).

e measured reflectometer value depends on the geometric characteristics of the test method, on the
| sensitivity of the detector (even when equipped with filters), and on the reference standard used.

ditions of
nce of the

specified
that of a
1).

hinance in
pn to both

9241. The
r details of

vel of the

vel of the

he diffuse

illuminant,

[Adapted fro

-CIE 50(845): 1987].

3.1.9 scree

n tilt angle,

the horizontal plane.

NOTES

1 Thisisidentical to the angle Ain 6.1.2 of ISO 9241-3:1992.
2 Figure 1 shows the intended angle.

3 Screen tilt

angle is expressed in degrees.

a. Angle formed by the intersection of the plane tangent to the centre of the display and
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Key

1 Viewind side
2 Horizontal support surface

3.1.10 sinall source of luminance:  Area with a diameter of 1° (measufr&d from the screen) of unifor
(La(smL)),[to be used in the measurement of specular reflections from screens with diffusing treatments

3.2 Symbols
3.2.1 Primary symbols

The primgry symbols used in this part of ISO 9241 are shown below. See figure 2.

E

L

LR

rdflectometer value for.the diffuse reflection characteristic of the screen, obtained following tH
below. It is the ratiovof/diffusely reflected luminance of the screen to its illuminance, under th
sppecified by clause Zof this part of ISO 9241 (see 3.1.8). It is expressed per steradian (sr-1).
uhit is candelaqersquare metre per lux [cd/(m’ - IX)].

rdflectometey value for the specular and partially diffuse reflection characteristic of the screen
llowing.the procedure of clause 7 of this part of ISO 9241. It is the ratio of specular and patrtially diffuse
rdflected luminance of a defined part of the reflected virtual image to the luminance the source
upder the prescribed conditions of measurement (see 3.1.8). (Unit: 1)

1SO 9241-7:1998(E)

I

Figure 1 — Screen tilt angle

lluminance, expressed in lux (Ix)
uminance, expressed in candela per square metre (cd/m?)

uminance ratio. (Unit: 1)

m luminance

e procedure
e conditions
he practical

determined

Df reflections

3.2.2 Subscripting convention

This part of ISO 9241 uses luminances whose total is made up of contributions from several identifiable
components. Luminance is identified by the symbol L followed by subscripts showing its components. For example
Lrsp represents a total luminance composed of contributions from the Foreground emitted luminance, the Specular
reflected luminance, and the Diffuse reflected luminance. The principal subscripts are:

B the emitted luminance from the display screen Background

F the emitted luminance from the display screen Foreground

D the Diffuse reflected component of a luminance.
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S the Specular reflected component of a luminance.

A the luminance of an Area (whether extended or very small) that is the source of a specular reflection.

©1SO

(0°) and (15°): the angle at which reflected and/or emitted luminances are measured, or the corresponding diffuse
reflection factor or specular reflection coefficient applied. A measurement angle perpendicular or normal to the
display screen surface is 0°. A measurement angle of 15° to the normal to the screen surface is 15°.

REF: the quantity is a reference value used in compliance calculations. Reference values are not intended to be
reproduced during testing.

STD: the quantity is the calibrated value of a measurement standard.

Subscript m

(max): the n

pdifiers:

haximum value of a quantity (usually the specular reflection source luminance Lamag) that wil

VDT to just meet the requirements of this part of ISO 9241.

(EXT) and (
extended so
the specula
measured at

15°.

BML): indicate specular reflected luminances and reflection characteristics determined using
Lirce or a small source of luminance. They are used only to modify the subscript S, as in Lgg
reflected luminance of an area of the screen set to the foregroubd, State, from a smg

Composite luminances:
1 Lgsp =Luminance of image Foreground + Specular re

Diffuse reflection

2 Lgsp =Luminance “of image Background + Specular rg

Diffuse(reflection
= Luminance of image Foreground + Diffuse reflection

=Luminance of image Background + Diffuse reflectior]

Reflected luminances:

= Luminance of Specular reflection = Rg L

= Specular reflectometer value (from test method)

= Luminance of an Area causing the specular reflectioj
= Luminance of Diffusion reflection = Rp E

= Diffuse reflectometer value (from test method)

= ambient illuminance

Figure 2 — Screen luminances

allow the

either an

. SML, 15°)s
Il source,

flection +

flection +

The darea-average emitted luminances of a patch of pixels in the centre of the screen. The emitted
liminances are to be measured in the lowest and highest luminance levels of the displa

y that are

Reflected luminances used to decide compliance with this part of ISO 9241 are approximated by a
calculation based on the reflectometer values of the VDT screen and assumed lighting environment

— N 1
N 2 3 Lrp
4 Ls
Bs
L
| o
R
_ )Y ED
3.2.3 Secophdary symbols
L[:, LB:
available for text or its background, under program control.
Lp, Ls:
conditions.
Ly = Ry 'E is the diffuse reflection luminance
where

Rp is the reflectometer value for the diffuse reflection characteristic of the screen;

E is the illuminance incident in the plane of the screen.
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where

1SO 9241-7:1998(E)

L, is the specular reflected luminance

Rs is the reflectometer value for the specular and partially diffuse reflection characteristic of the
screen;

Lpn is the luminance of a uniform, extended or small luminous source positioned at the specular
angle from the point of measurement. The values of La used for compliance with this part of
ISO 9241 are specified in clause 6.

Specular reflected luminances and reflection factors are subdivided into those resulting from an extended-source

and a small-source of luminance.

LsEexT), 4

RsExT), A

LRgps/FD

LReps/Fp
LRg(
Expandeqg
LRgq
(LR Fps/B
LReg

Expandeq

LReq

5(SML)-

RS(SML):

2]

S/FDS

S/BDS

S/BDS

SI/FDS =

specular reflected luminances caused by extended and small sources, respectively.

specular and partially diffuse reflectometer values of the screen caused. by extend
sources of luminance, respectively.

luminance ratio of the screen image (foreground and background) with diffuse 3
reflections. It is the ratio between the higher and the lowerZarea-average lumin
image, when both specular and diffuse reflected luminances are superimposed or]
figure 3. The definition of image luminance ratios is polarity-dependent.

5 positive polarity:

lg + Lp + Lg
Lg + Lp +Lg

lg + E-Rp + La - Rs
L|: + ERD + LA'RS

hs) hegative polarity:

Le + Lp +Lg

LB + Lp+ L4

L + E5Rp + Lp -Rg

bd and small

\ind specular
hnces of the
each. See

Lgsp

LR gsp/rsp = T
Fsp

2

FSp ———

LR Fspsesp =

1

Lpsp——

1 in negative polarity
2 in positive polarity

Figure 3 — Image luminance ratio with both specular and diffuse reflections
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specular reflection luminance ratio. It is the ratio between the luminance of an area of the screen
set to the background state, with a specular reflection and diffuse reflection superimposed, and the
luminance of the same area of the screen without the specular reflection. See figure 4. The

LReps/BD:
definition is not polarity-dependent.
LB + LD(B) + LS(B)
LRgpsep = T [
B D(B)
Expanded,
lLg + E-Rp + Lp - Rg
LR gps/ep = =)
NOTES

1 Although mpathematically the specular reflection luminance ratio is not polarity-dependent, practically and perce
In negative polarity, the background is dark, causing ‘much highg

polarity makgs a very important difference.

reflection lumiinance ratios.

In positive polarity, the background is bright, which dramatically reduces the lumina
specular reflgctions. This effect makes positive polarity VDTs far more resistant to the effects-of reflections thg

polarity VDTs|with the same highest and lowest luminance levels.

2 In negativ¢ polarity the specular reflection is the same polarity as the information displayed on the screen. Th
some appareit perceptual competition between the reflection and the useful image. Tolmaintain acceptable image
necessary to|maintain the image luminance ratio LRrpspps Substantially greaterthan that of the specular refl

LReps/BD-

1 In either polarity.

LRrp/BD:

luminane€ ratio of the screen foreground and background with diffuse reflected lumin

Lgsi
LR sp/ep = Lep.

1

p———]

N\

Figure 4 — Luminance ratio of the specular reflection against the screen background

ptually the
br specular
ce ratio of
n negative

is leads to
fuality, it is
pction ratio

ance only.

It is.the ratio between the higher and the lower area-average luminances of the imgge, when
diffuse reflected luminance is superimposed on each. See figure 5. The maximum 4cceptable

specular reflection luminance ratio is related to the luminance ratio of the imag

= without

specular reflection, in negative polarity. The definition is polarity-dependent. Only thg definition
in negative polarity is used for this part of ISO 9241.

Negative polarity

LRrpeD =

Expanded,

LRrpeD =

L+ Lo
LB+LD

LB +E' RD

LF +E‘RD
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1 Inneg

4 Guid

The work
organizati

considere
requiremsq

This part

station slould be adequate to meet task demands, and acceptable to the user, in a normal

environm
screen re
in varying

NOTE —

specular rg
control tregtment of the screen surface than an othefwise identical display that uses negative polarity. Design ¢

such as re

It is the G
workplace

5 Perfd

The objeg
with this p

1SO 9241-7:1998(E)

Lrp
LR rpsep = Lon

itive polarity.

Figure 5 — Luminance ratio of the image with diffuse reflection only

ng principles

pnal concerns, and sociological factors. The characteristics of*a "visual display termi
nts.

pf ISO 9241 makes recommendations concerning image quality. The image quality of a visual
nt. Design characteristics of the workstation, sueh”as luminance, polarity, screen refle

lection control treatments, influence its ability to maintain its image quality and acceptability
lighting environments.

flections against the screen background.. Anvexclusively positive polarity display possibly requires

lectance, should be considered as they aifect the overall image quality, and not individually.

and the working room to obtain a good match between the VDT and its environment.

rmance objectives

tive of this part of ISO 9241 is that VDTs be legible and comfortable in use. (See clause 8 fo
art of 1IS@9241.)

6 Req

system is an integrated whole, which includes the visual display work station, environment, task structure,

nal must be

d in relation to the other elements of the work system and net as a collection of is¢lated visual

display work
actual work
ctances and
when viewed

There are tradeoffs between the design characteristics. For example, positive polarity reduces the contrast of

ess reflection
haracteristics,

ommon responsibility of all parties concerned with the production, installation and use of the VDT, the

r compliance

irements

6.1 Image luminance ratio with reflections

The luminance ratio of the image, including superimposed specular and diffuse reflected luminances, shall be equal
to or greater than 3.

In positive polarity, LRgps/rps =3 -
In negative polarity, LRrpgpps =3 -

NOTE —

These requirements are based on legibility (see annex D, references [10], [11] and [12]).
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6.2 Specular reflection luminance ratio

The luminance ratio LRgpsg/gp Of a specular reflection against the screen background should be low.

©1SO

The perceptibility and acceptability of the specular reflection against the screen background are modified by the
polarity of the screen.

On screens that use positive polarity predominantly, the luminance ratio LRgps/gp Of the specular reflection and the
bright screen background shall satisfy the relation:

LRgps/ep <1.25

On screens

that use npgmi\/p pnlarih/ (dark har‘kgmlmd) Inrpdnminanﬂy, the luminance ratio | Rpne

gp Of the

specular refi

LRgps/B
On screens

NOTE — Th

6.3 Refleg
The VDT sh
treatment, d
6.4 Referg

For purpose
be used in th

6.4.1 Refern

The screen
compliance

Erer =

6.4.2 Refern

pction on the dark screen background shall satisfy the relation:

<12+ LRepsD
15

hat use both polarities, the requirements for both positive and negative polarities’shall be met

ese requirements are based on user acceptance (see annex D, references [10];.[31] and [12]).

tion control method and effect on image quality

pll meet the requirements of relevant clauses of ISO 9241-3"and ISO 9241-8 with its reflecti
bvice, or method in place.

bnce luminous environment

e required calculations.

ence illuminance

pon control

5 of determining compliance with this part of ISO 9241, the following luminous environment values shall

Angle, o, shall be declared by the supplier of the VDT under test. The reference illuminance Ergg for

letermination shall be:

P50 + 250 cos(a) IX.

ence luminanceof-the source of specular reflections

From the standpoint of eStablishing the general type of environment suitable for its use, each VDT shal

requirement
luminance L

5 of this ‘part of ISO 9241 under Class | or Class Il or Class lll test conditions, choosing the
n(REF).OF the source of specular reflections from table 1.

meet the
reference

Table 1 — Test conditions for compliance classes |, Il and 1l

Class Requirement

LA(REF, EXT) = 200 cd/m? AND LA(REF, SML) = 2000 cd/m?

LA(REF, SML) = 200 cd/m? OR LA(REF, SML) = 2000 cd/m?

1 LA(REF, EXT) = 125 cd/m2 OR LA(REF, SML) = 200 cd/m?
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7 Measurements and calculations

This clause provides the method for measurements and calculations related to image quality with reflections, and is
to be used in conjunction with clauses 3 and 6 of this part of ISO 9241.

Regardless of the test requirements for the intended class of compliance, testing of each VDT screen should be
conducted using both the extended and small sources of luminance.
7.1 General

See figure 6 for overall test equipment setup.

a) At 0° (perpendicular to the VDT screen), determine the diffuse reflectometer factor Rp (approximatirlg the diffuse
reflection coefficient g).

b) At 15°|incidence to the VDT screen:
— Meagsure the foreground and background emitted luminances Lg and Lg (in botlppelarities if appropriate).

— Determine the small-source and/or extended-source specular reflectometervalue(s) Rs (apprdximating the

spgcular reflection factor, f).

c) Determine the VDT's compliance with the requirements of this part of ISO 9241

— Calculate the luminance ratios defined in clause 3 of this patt of ISO 9241, using the meadured screen
lunfinances, the diffuse and specular reflectometer factors, and-\the reference illuminance and luminance(s) of
6.4

— Determine if compliance with the requirements of clause-64s achieved.

1

»

Key

1 Spot photometer
2 Extended luminance source
3 VDT under test

Figure 6 — Basic apparatus arrangement
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7.2 Apparatus

The following equipment is required to complete this measurement procedure:

7.2.1 Spot photometer
See figure 7 for terms used in setting photometer requirements.

— For measurements using extended specular reflection sources, the field of view (FOV) should be 1° to 2° and
the working distance should exceed 500 mm.

NOTE 1 Thdmportant factor in the measurement 1s that the FOV and WOTKing distance Jomnily determine a spot pize on the
screen that ig both smaller than the size of the luminous patch measured and sufficiently large that aperture factons (from the
screen structyre on the order of 0,03°) are minimal.

— For meagurements using the small source of specular reflections, a photometer with a round, field of view of 0,3°
or less spall be used, and the working distance shall be 500 mm £ 50 mm. The spot photometer, &t working
distance pf 500 mm should have an acceptance cone of < 1. The acceptance cone shall be specified.

The values gf the acceptance cone, the field of view and the working distance shall be reported.

NOTE 2 Thg magnification of the overall (source-screen-photometer) optical system is critical to the relationship of the virtual
image of the pmall source to the photometer field of view. The field of view must béssmaller than the virtual image| The data
correlating uger responses to reflections and small-source measurements are yalid for the specified measurement geometry
only.

2
1
Key
1 Photomgter 4 Acceptance cone: Angle formed by the entrance pupil of
the instrument and the working distance
2 Photosensitive element 5 Specimen
3 Field of|view: Angular extent of the considered object 6 Working distance range: Distance between [the front
formed ip the final image of the instrument lens of the meter and the considered object oyer which

the meter can focus.

Figure 7 — Terms used in setting photometer requirements

7.2.2 Calibrated diffuse reflectance standard, at least 20 mm in diameter with a diffuse reflection coefficient
of gsTp.

NOTE — Diffuse reflection standards are typically calibrated in terms of their diffuse reflectance, pstp. This is converted to
gsTp as follows:

PsTD
T

dsmp =

10
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7.2.3 Sources

7.2.3.1 Two extended sources of approximately uniform luminance

The aperture of each source shall subtend at least 15°(30° preferred) at a working distance of at least 500 mm from
the centre of the screen of the device under test. The luminance of the source should exceed 2000 cd/m®. The
luminance should be uniform (+ 5% over the central 80% diameter + 1% at a single point) and be stable to + 1%

over the duration of the test.

The colour temperature of the source should be recorded. The device should

incorporate a shutter so that the luminance can be occluded without moving the device from its position in the
apparatus.

NOTE —

Commercial sources are available. (Integrating spheres with apertures = 150 mm are suitable).

7.23.2 A
the durati
aperture 9
of the scrd

NOTE —
extended 4
source sh
approxima

7.2.4 Ms

7.3 Tes|
7.3.1 Ge

All measu
used for 1
than 1 lux

For meag
photomet
measurern

image of the small source.

7.3.2 So
7.3.21 H

Measure
figure 8.

small source of approximately uniform (= 5% over the central 80% diameter, + 1% at acsing
bn of the test), which can be obtained by adding an aperture to one of the extended sourges.
hall be round and its diameter shall subtend 1° (0,9° to 1,1° acceptable range) measured fro
pen of the device under test.

The recommended small source consists of an aperture (approximately 9 mm diameter) placed in fron
ources. If the extended sources are not sufficiently luminous (>2000 cd/m’ recemaimended), a differe
puld be used. If a source other than one of the extended sources is ysed, its spectral distri
ely match that of the extended sources.

chanical apparatus, measuring and setting angles between parts of the test components.

| procedure
neral
rements shall be made in a room that is dark-except for the VDT screen itself and the luming

neasurement. llluminance at the screen from stray sources shall be less than 5 lux, and sh

urements of screen luminances,~a.consistent photometer-to-screen distance should be
br should be focussed on the active‘surface of the VDT screen. For the small-source specu
nent, the photometer should be.optically refocussed to provide the sharpest view of the ref
Lirce luminance measuréments

xtended-source_luminance

the luminanceé. LagxT) of the central portion of one of the extended-area uniform light s

le point over
The source
m the centre

[ of one of the
nt diffuse light
bution should

nce sources
ould be less

used. The
lar reflection
ected virtual

ources. See

Key
1 Photom

t

eter aperture smaller than source aperture

2 9 mm aperture (1° at 500 mm) (optional small-source)

Figure 8 — Source luminance measurement
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7.3.2.2 Small-source luminance

Measure the luminance Laismr) of the small luminance source. For this measurement, the photometer should be
focussed on the aperture, and not on the interior surface, of the source. See figure 8.

7.3.3 Measurements perpendicular (0°) to the VDT screen  (diffuse reflectometer constant)

Arrange the VDT, the extended-area sources and the photometer for measurements perpendicular to the screen
centre. See figure 9.

Switch off the VDT power.

Open the sh[]ﬁers Of both TUminance Sources. Measure the difusely Teflected Tuminance Lpoe)-

Place the diffuse reflectance standard at the measurement location. Measure Lp(sTp, 0°)-

Calculate
Rp = q(stp) - foe)

Lp(sTD,0%)
Dimension ip millimetres

Figure 9 — Measurements perpendicular to the screen

7.3.4 Measurements at 15° to the VDT screen (specular reflectometer constant)
7.3.4.1 Emitted luminances at 15°

Close the shutters of both luminance sources. Rotate the VDT under test 15° around the measurement point (the
centre of its screen). See figure 10 for the configuration, but both sources are occluded by the shutters.

12
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Key

1 9 mm gperture (1° at 500 mm - small source)
2 1°to 2} (extended source)
< 0,3° [small source)

Figure 10 — Measurements at 15° to the screen

NOTE — |[The centre of rotation of VDT swivel and tilt mechanisms is usually well behind the screen surface. VPT swivel and
tilt mechaisms are not recommended” as the means to rotate the VDT for this procedure. Any integral swivel and tilt
mechanism should be locked or removed during the entire measurement procedure, to prevent inadvertent charlges in screen
tilt.

Switch on|the VDT power.*Allow 20 min warm-up.
For each supported-polarity:

a) Set the VDT screen to the foreground and background logical states so that an array of foreground pixels
apprgximately 50 mm_square is displayed in _the centre of the screen, with the rest of the sgreen in the
background state. Figure 3 shows a positive polarity image, figure 5 a negative polarity image. The highest
luminance level of the display duplicates the settings used to measure display luminance for 5.15,
ISO 9241-3:1992. The lowest luminance level of the display is the lowest foreground or background luminance
available under program control using the same control settings.

b) Measure Lg(15°) and Lg(15°).
Maintain separate records of positive polarity and negative polarity measurements.

NOTE — The emitted luminance of a patch of pixels in a given level can depend on characteristics (for example, CRT beam
current) related to the level of all other pixels on the screen. Foreground and background luminances are not simply
exchanged between positive and negative polarity. They are measured separately in each polarity in which the VDT is, in
order to demonstrate compliance with this part of ISO 9241.

13
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7.3.4.2 Extended-source reflection measurements at 15°
See figure 10.
Switch off the VDT power and open the shutter of the appropriate luminance source.
Measure LDS(EXT, 15°)-
Place the diffuse reflectance standard at the measurement location.
Measure Lp(sTD,15°)-
Calculate
(LDS(EXT,15°) . LD(STD,O°)) - (LD(O") . LD(STD,15°))
RsEext| = :
Laexm) - Lpstp,0)
7.3.4.3 Small-source reflection measurements at 15°
See figure 1p. Position the small source of specular reflections at an angle of 15° from_the centre of the s¢reen, and
at such a digtance that its aperture subtends 1° measured from that point. Place“a-spot photometer with a 0,3° or
smaller apefture about 500 mm from the screen centre, and aligned on the specular angle (15°) from|the small
source of specular reflections. Adjust the source, screen, and/or photometerso that the virtual image reflg¢cted from
the screen is centred on the photometer aperture, and so that any multiple reflections from the screen first and
subsequent [optical surfaces are superimposed. Adjust the photometer'so the virtual image is best foctissed. (It
can help to fnoisten the screen to make the image clearer, provided the 'screen can be cleaned prior to making the
actual measprement.)
NOTE — The reflected virtual image of the specular reflection source does not lie in the same plane as the VDT s¢reen. The
image of the YDT screen under test is intentionally defocussed while' making this measurement. This eliminates apégrture factor
of the screen|structure over a very small measurement area as“a consideration in uncertainty of measurement. However, it
imposes the qdditional assumptions that the photometer response is linear for area-average luminances, whether or not the
peak luminanges within that area are clearly imaged, andthat the portions of the luminous area that are correctly impged in the
plane of the pcreen (the diffuse components) are sufficiently large that all blur circles from the edges fall well putside the
aperture of the photometer.
Measure Lp 5(SML,15°)-
Either
a) calculate|RssmL) as
= _ Lpsismi,1s9)
S(SMLY T T
A(SMD)
or
b) if the small 'specular reflection source is sufficiently luminous that the diffuse reflected luminance |from the
screen ¢ahnot be neglected, place the diffuse reflectance standard at the measurement location, [measure
Lp(stp2,15°), and calculate
~ (LDS(SML,15°) - Lp(stD,0°) )_(LD(O") : LD(STD,15°))
Rsismy =

Lasmy) - LpsTp,00)

7.4 Compliance report calculation

7.4.1 Gene

ral

Compliance with this part of ISO 9241 is determined by comparing the calculated image luminance ratio and
specular reflection luminance ratio to their required values, at the screen illuminance and specular reflection source

14
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luminance specified in clause 6. The formulas for the requirements and the calculated luminance ratios are fully
expanded below.

The formulas for determining and reporting compliance are polarity-dependent. If compliance is to be established in
both polarities, the separately measured and calculated quantities for each polarity should be used in the
appropriate formulas.

7.4.2 Compliance determination

7.4.2.1 Image luminance ratio

The requirement is polarity-dependent.

a) Positiye polarity

lg + Lp+ L

LRedsFps = o> 2
e+ Ip + Ls

Expanded,

Lg + Erer - Rp + LaRrer) - Rs

vV
w

LReps/Fps =
L + Eger - Rp + LaRreF) * Rs

b) Negatfive polarity
e+ L+ L
LR = F D =S >3
FOS/BDS lg + Lp + Lg

Expanded,
Le + Erer - Rp + LaRrer) - Rs

v
[¢%)

LRegseDs =
Lg + ERer - Rp * Lager) - Rs

7.4.2.2 Ypecular reflection luminance ratio

The requifements are polarity-dependent.

a) Positive polarity
LRBD 5/BD < 1,25

Expandedl,
Lg + ERer - Rp * Lager) - Rs
Lg + Erer - Rp

LRep$BD = < 1,25

b) Negative palarity

LRBD BB <12 + LF\JF:L%

Expanded,

Lg * Erer - Rp * Larer) - Rs _ 12+ _Le* Erer  Rp
Lg + Erer - Rp o 15(Lg *+ Erer - Rp)

LReps/eD =

7.5 Uncertainty of measurement
It is the goal of the test method that fixed bias errors (including instrument calibration) and random measurement

variables, exclusive of violations of the test assumptions, should cause an uncertainty of no more than + 10% of
each required value.

15
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Measurement results shall be determined using the best-estimate values, without confidence intervals or allowed
measurement tolerances, except that results may be rounded to three significant figures.

8 Compliance

8.1 Compli

ance with this part of ISO 9241 can be achieved by either:

a) meeting all requirements of clause 6 using the measurement methods of clause 7;

or
b) obtaining| a positive result using an alternative test method and associated requirements spécified in an
amendment to this part of ISO 9241.
Either methqd demonstrates a compliance class.
Class Environment

I suitable for general office use

Il suitable for most, but not all, office environments

11 requiring a specially controlled luminous environment for use
NOTES
1 The alterngitive test method will become a normative amendment to this part of ISO 9241 when it has been proven. Annex A
contains an ipformative proposed method. Before the normative amendment is published, only compliance route |a) is avail-
able.
2 The test method is intended for VDTSs for which clause 6 cannot be applied completely. One example is non-CRT]| displays.
Compliance |shall be determined using the default parameters, e.g. character set(s), colour(s), configuration(s),
system optigns and operator settings.
Compliance |with this part of ISO 9241 can.depend on hardware and software (polarity) and workstation [elements.
Although eath element is shown by its stupplier to comply individually, the parties using any given combination of
such elemerjts are responsible for compliance of that configuration.
8.2 The cgmpliance report shallihclude the following information:
a) supplier'd details (hame‘and address, type numbers, etc.);
b) all detailg of equipment relevant to the test, including its settings and configuration, fixed and softwgare driven

charactetlistics§test conditions and test results;

c) conditionsofluse;
d) all relevant details of the test results and instruments:

compl

— type o

16

iance class achieved

for compliance class Il or lll, whether the extended or small source was used
all relevant test results (for example, Rp, Rs, Lg, L, etc.) for extended and small-source tests

all relevant calculation results (for example, Lggps/eps, €tc.)

f reflection control used
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— all relevant data about the luminance sources (for example, spectral characterization, etc.)

— all relevant data about the photometer used (for example, aperture, field of view, working distance, spectral
sensitivity, etc.)

e) if compliance route 8.1 b) is used (after it becomes available), all relevant details of the criteria used for the
selection of the test subjects and their relevant characteristics.

17
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Annex A
(informative)

Alternative test method

A.1 General

©1SO

Since 1ISO 9241-3 was published, work toward a normative visual performance method has been underway. The

decision was made in ISO 9241-8 to withdraw the proposed colour discrimination alternative test method

1o 0924412

and await

the Complet of—of-the156—9241=3 auucnuunl, becatse—of pub“ahcd plUb:CIIIO with—the—draft Propos
conviction that most of the ISO 9241-3 test could be moved without change into 1ISO 9241-8. It is-po
users of this|part of ISO 9241 would be best served by a similar strategy here. The proposed methad\her
on different [research (see annex D, [14] and [15]). The test configuration here is likely tg be valig
approach.

Annex A represents the current state of development of an alternative route to compliance with th
ISO 9241. Itf has not been validated. The following test method is provided for infopmation only. Testin
ations are epcouraged to report their experience with the method or modifications 0fthe draft normatiy
being circulgted as an amendment to ISO 9241-3.

This test forat was chosen for several reasons.

— Use of stindard optotypes allows fairly clear interpretation of legibility, test results.

| and the
ssible that
b is based
in either

is part of
j organiz-
e method

— The basit legibility threshold determination uses established clinical and research vision testing methodology,

which dogs not require further validation.

— There is [good support for the correlation between visualsthreshold distance and visual task perforn
comfort gt normal (supra-threshold) viewing distances.

— The threghold distance method yields reliable data. félevant to relative image quality more quickly and
than a stilictly performance-based task performed.at normal reading distance.

Note that the essence of this test method is\that each VDT (reference and test) is compared with it
standardized reflection conditions. This isycritical, as it is not well established that this test method all
comparisong between different VDTs with,Substantially different image characteristics.

This test method assesses the reduction in legibility of a VDT screen with reflections, relative to the legil
same screen without reflections.CFwo VDT screens are used: atest VDT that requires use of this test mg
a reference VDT that meets all.quantitative requirements and passes the quantitative test method of IS
and passes|the quantitative requirements for a particular Class (I, Il, or 1ll) of this part of ISO 9241.
conditions are used for_édach VDT screen. The independent variable is the amount of ambient illumin
luminance af the specular angle in two measurement cases. The dependent variable is the legibility di
from the test participant’s eye to the VDT screen for 50% correct identification of letters and words. The
decision whether the'test VDT image withstands the contrast reduction and interference produced by conc

ance and

efficiently

self under
bws direct

ility of the
thod, and
D 9241-3,
Two test
ation and
stance LD
result is a
itions that
I the result

produce refl¢ctions, at Ieast as WeII asa conventlonal VDT of a partlcular Comphance Class (I I, or 11).
is successfu . i
display used for testlng

A.2 Principle

reference

Reading speed and visual comfort are highly correlated with the relative legibility of words and letters on various
displays. (See annex D, [14] and [15]) Relative legibility distance (RLD) with reflections can be assessed by

determining the eye-to-screen distance at threshold for a test condition with reflections, relative to the

threshold

distance for a reference condition that is similar, but lacks reflections. The RLD of a VDT requiring use of this test
method should not be less than the RLD of a reference VDT that meets all the quantitative test requirements of

ISO 9241-3 and this part of ISO 9241.

18
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_ RLD1st

RLR = 21

Dger
where

RLD = m
ST LDTSTW/O

LDrsTw is the legibility distance under test conditions with reflections;

LDrsTwio is the legibility distance under test conditions without reflections;

RLDpgr = LDREFW
[ LDRerwio

LDgerw is the legibility distance under reference conditions with reflections;
LDgERw/o is the legibility distance under reference conditions without reflections.

Testing begins with the viewing distance sufficiently close that identification is 90% /or more correct. [The viewing
distance s increased by equal logarithmic steps of 0,1 diopter (or less, long.viewing distances require greater
resolution)) until identification is 10% or less correct. Standard methods (probability paper, regression analysis, etc.)
are used |to determine the viewing distance at which 50% correct identification is achieved. The eye-to-screen
distance fopr each test position should be known within £ 5 mm, but may, ¢ontain a small offset from uge of a fixed
eye refergnce, such as a head-restraint reference mark.

Testing isfmonocular, using the test subject's preferred eye. The,other eye is occluded.

Test stimdili are groups of five unrelated letters from the set\used in the Bailey-Lovie visual acuity chart (D, E, F, H,
N, P, R, U, V, Z) in random order without replacement.. Stimuli are presented sequentially in the centrge of the VDT
screen, apd are accompanied by an audible cue tone:\ In the character rows above and below the test stimulus,
there are gimilar groups of five random characters drawn from the same set:

DRFEV
ZNUPD « test row
HUZNVF

Test partigipants should respond, following the cue tone, with the identities of the five letters in the central row. At
least two |test stimuli (10 characters) should be presented at each viewing distance. Responses aie scored as
correct or|incorrect, by charactéefposition. That is, a report of a character present in the test row, but reported in the

wrong position, is incorrectC-Responses are recorded as the number of correct responses over the total number of
correct regponses possible.

A.3 Tept conditions

There arelfour test conditions, shown in table A.1

Table A.1 — Test conditions

Condition Display Screen
1 Test With reflections
2 Test No reflections
3 Reference With reflections
4 Reference No reflections

19


https://standardsiso.com/api/?name=6f8cf16392a116c076d5e912b6b83f64

1SO 9241-7:1998(E) ©1SO

VDTs used for testing:

The reference display is one that has passed the quantitative test methods of ISO 9241-3 and the quantitative test
method of this part of ISO 9241 under the conditions for the compliance class sought. See table 1.

The test display is one for which the quantitative test method of this part of ISO 9241 has been found unsuitable.

The screen conditions are given in tables A.2 and A.3. See figure A.1.
Dimension in millimetres

Key

1 Specular feflection source
2 Auxiliary $creen illumination source

Figure A.1 — Physical setup for visual performance test

Table A.2 — Screen conditions — Luminance

Luminance source
Aperiure 1o 10 10 Aperiare 1710 £
Screen condition Class I or i Class Il Class I or Il Class IlI
With reflections 200 cd/m? 125 cd/m’ 2000 cd/m? 200 cd/m?
Without reflections Less than 12 cd/m’ Less than 12 cd/m?

Luminance magnitudes should be set to + 10%.

20
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Table A.3 — Screen conditions — llluminance

Screen condition llluminance

With reflections Erer = 250 + 250 cos(o) Ix

Without reflections Less than 50 Ix.

llluminance magnitudes should be set to + 10%.

The screen angle, o, should be specified by the supplier and the same value used for both the reference and test

displays.

For reflective displays, Ergr should be specified by the supplier and used in both screen conditions.

Physical getup (see figure A.1):

— centrefof VDT screen is at eye level;

— VDT s¢reen is tilted back 90° —« (screen angle o = 75° is illustrated);

— a small or extended source of specular reflections meeting the requirements, of clauses 3, 6 and 7 ¢
ISO 9241 is located 500 mm from the screen, and at the specular arigle’above the centre of the
conditipns “reflections” and “without reflections” are set according to tables A.2 and A.3;

— an auyiliary source of screen illuminance is positioned to avoid specular reflections.

A.4 Tept room and environment

Testing i done in an environment that approximates, that used for clinical visual acuity testing. Exc

below, thg test environment should meet the environmental requirements and recommendations of ISO

— Test rqom general illumination = 50 Ix.

— Test rpom surfaces at or near the\specular angle from the centre of the VDT screen have
< 12 ¢d/m’.

— Test rpom surfaces within 45° of the test participant have luminances < 12 cd/m®. (=< 1/3 mini
luminahce for ISO 9241-3;1e insure that luminance adaptation of the test participant is determined
the VOT)

— Either the VDT an@its associated luminance and illuminance sources, or the test participant, shoul
of controlled horizontal movement along the eye-to-screen axis.

shoul

stable |within*LD +5 mm while performing the character recognition task. This movement shall
speculprreflection centred on the test stimulus location on the VDT screen.

The eye-to-screen reference
be known or measured, to + 5 mm. Following movement to a new test distance, head positi

f this part of
VDT. Test

bpt as noted
9241-6.

luminances

mum display
primarily by

| be capable
distance LD
bn should be
maintain the

A.5 Test criterion

Following

collection of data, RLR (See A.1.1) is calculated for each test participant.

The mean value of RLR over all test participants is calculated and compared to the criterion:

RLR =

RLD1st
RLDger
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Annex B
(informative)

Graphical report format

B.1 General

©1SO

Compliance with this part of ISO 9241 is established under specific conditions. It is possible, given the reflection
properties and emitted luminances determined in the test method, to calculate the range of luminous environment

conditions o
useful in pre

NOTE — Th

B.2 Graphical report

The graphic

laralaitla + +. lal Lo + + + Tl alat la +aal laa. 1l
CTWITICTT UTC TCYUTTTTITCTILS  WOUTU UT JUSTTTTICL. reot uala Lall uT pTTtotincu yrapineany, o

Hicting the match between a VDT and its environment.

e graphical report does not establish compliance, and does not replace the compliance report.

the require

hl report shows the values of the specular reflection source Lamax) at 0r below which the V
ents, as a function of the screen illuminance E over the range O-te 1500 lux. The value

d can be

DT meets
Lamax) IS

limited both |py the image luminance ratio requirement and by the specular seflection luminance ratio requirement.

The lower of the two possible values applies.

Expanded formulas for Lamax), @s a function of E and based on the image luminance ratio and thg specular
reflection luminance ratio, are given below. The functions describe straight lines, so calculating only two| points for
each is suffigient, and plot the resulting lines graphically. The lines‘are then trimmed off above their intersgction.
B.3 Definitions and formulas
B.3.1 Maximum specular reflection source luminance La(max)
The maximym specular reflection source luminance can be mathematically derived from the requiremepts of this
part of ISO $241. The graphical report shows the specular reflection source luminance Lamax) at or below which
the requiremjents of this part of ISO 9241)are just met, for each illuminance E in the range 0 to 1500 lux]| At lower
illuminance, [the maximum specular_reflection luminance ratio LRgps/gp limits Laimax)- At higher illumirjance, the
minimum image luminance LRrps/p's OF LRBps/Fps liMits Lamax):
B.3.2 MaxXimum specularreflection source luminance limited by LRBps/BD
The maximym specular reflection luminance ratios set by clause 6 for positive and negative polarity screens
determine the corresponding maximum specular reflection source luminance, Lamax, Bps/gD), as a fungtion of E.
See figure Bl 1./ In'slope-intercept form:
a) Positive polarity
R L

L Ey=|—bP |+ =B

A(max)( ) (4RSJ 4RS
b) Negative polarity

4R (L + 3Lg)
L E)=| —2-|E + ~_——87
Ama) (€) [15/?5] 15Rg
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B.3.3 M

The minin

reflection source luminance, La(max, FDS/BDS)OFLA(max, BDS/FDS). See figure B.2. In slope-intercept for
a) Positiye polarity

L amb, BSD/FSD)(E):_I:)_D CE A+ (LB?:LF)
b) Negative polarity

Lama, Fsp/Bspy(E)= — g—z - E+ (LF?:LB)

Screen illuminance, £,

Figure B.1 — Specular reflection:ftiminance ratio limited

aximum specular reflection source luminance limited by LRpps/Fps O LREps/H

hum acceptable image luminance ratio-set by clause 6 determines the corresponding maxim

1500
of an area causing specular
reflections, cd/m? -
1000 — Ry
Slope = — =0,219 aive
i 4Rs posits
Lg
Intercept = — =625 -1
RS \
] LR
Slope = —2 =0,233 e |
e
<00 —| 15R¢ Neg
(L +3 Lg)
\mercem:g:%é T
15R \
0 T T T T [ T T T T [ T T T T |
0 500 1000 500

Lx

DS

um specular
n:
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Maximum luminance La (max, sos/Fos) OF 1500 —
L (max, Fos/gos) O an area causing
specular reflections, cd/m?2 -
. Positive Negative
(Lg -3 Lf) {Lg-31Lg)
— Intercept = B Pof B - 875
2R 2Rs
1000 —
500 —
0 T T | — |
0 500 1000 500
Screen illuminance, £, [x
Figure B.2 — Luminance ratio reduction limited

B.4 Graphs

From the apove formulas and data obtained\in”the test method of clause 7, graphs should be |drawn of
La(max,BDs/gp) @nd either Lamax, Fos/BDS) O La(max, BDS/FDS) depending on polarity. The area below Qoth graph
lines is the region deemed satisfactory in the.model. The graphed lines should be trimmed above their infersection.
The resulting graph is the graphical repart) see figure B.3.

In the figure [examples, the following values have been assumed:
— the higherr of [Lg, Lg] = 100-cd/m?;

— the lower|of [Lg, Lg] = 10cd/m’;

— Rp = 0,035 01 (11% diffuse reflectance);

— Rg =0,04 (CRT glass, extended luminance source).

NOTE — The scfeen’illuminance E is typically half the room illuminance.
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