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ord

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

liaison W
Commiss

Internatia

Draft Intq

Publicatipn as an International Standard requires approval by at least 75 % of the member bodies castin

Attention
patent rig

Internatia

Subcommittee SC 4, Ergonomics of human-system interaction.

ISO 134(

displays pased on flat panels:

—  Part

—  Part

Annexes

Th 1SO, also take part In the work. 1ISOU collaboraies closely with the International Ele0
ion (IEC) on all matters of electrotechnical standardization.

nal Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.
rnational Standards adopted by the technical committees are circulated to the,member bodie
is drawn to the possibility that some of the elements of this part of ISO 13406 may be thg
hts. ISO shall not be held responsible for identifying any or all such patent rights.

nal Standard 1SO 13406-2 was prepared by Technical{ Committee ISO/TC 159, H

6 consists of the following parts, under the general title~Ergonomic requirements for work

1: Introduction
2: Ergonomic requirements for flat panel dispfays

A, B and C of this part of ISO 13406, are-for information only.

trotechnical

5 for voting.
g a vote.
b subject of

Frgonomics,

with visual
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Introduction

ISO 13406 extends its companion standard 1ISO 9241 to account for the significant differences in ergonomic trade
offs present when flat panels are used.

The rationale for this part of ISO 13406 is presented in ISO 13406-1.

This part of{ISO 13406 presents the requirements for visual display units (VDUs) based on flat panels(as q
ISO 13406-1. It is intended for evaluators and users of this technology. Some document users will find p

efined in
art of the

material complex. Notes, figures and examples are provided to lessen the problem. The legibility,of‘flat panels is a

principal copcern. The requirements are primarily based on the visual ergonomic research usedin ISO 92
on new resgarch referenced in this part of ISO 13406. Here, as in ISO 9241-3, some requirements are

visual comfort, muscular comfort and user acceptability. This part of 1ISO 13406 includes requirem
recommendations that are based on legibility, comfort and acceptability that arise when multicolour dis

used, base
unique trad
reflected im
technology.

Clause 3 D
possible, d
definition is

on the visual ergonomic research described in ISO 9241-8, but modified_and extended to cor
ages are addressed covering the flat panel aspects covered in 1ISO-9241-7 for cathode ray tu
efinitions presents or recalls those terms needed to specify‘requirements and measurement

bfinitions taken from other publications are quoted verbatim. If some change has been ni
followed by a note stating “Adopted from ISO xxxx:date;x.x”. Since this part of ISO 13406 of]

41-3 and
based on
ents and
blays are
sider the

e offs of flat panels. Legibility in the presence of ambient room light and the acceptability of dinwanted

be (CRT)

5. Where
ade, the
en relies

on mathenfatical models and physical measurements to enstre the fitness of purpose of flat panel [VDUs, a
clause 8 (Symbols) is presented as a convenient reference.

Guiding principles and performance requirements’ cladses modelled on I1SO 9241-3 are presented tp remind
document Users of the foundations of the work.

Design requirements and recommendations present the physical attributes that are to be strictly followed to
conform (inflicated by the word: shall) or preferréd but not necessarily required (indicated by the word: shquld). The
topics of dgsign viewing distance, design‘viewing direction and design screen illumination depart somewhat from

the precedsq

nts of ISO 9241-3. Two reasons exist:

a) an impprtant type of flat panél*has viewing characteristics that require more careful control and congideration
of viewing direction than considered in ISO 9241-3;

b) there is no basis toyassume that a flat panel VDU is tabletop mounted. These topics are presgented as
ergonomically constrained, supplier-specifications. This is not unprecedented, viewing distance wag handled
this wagy in 1SO.9241-3. Once specified, these requirements become the conditions under which|all other
attributes are to-be measured or decided.

A departurg¢ from 1SO 9241-3 is the use of area-luminance. For CRT technology, the addressed locations are

generally ¢ a sparse

pattern. Since the flat-panel pixel area is less than 100 % optically modulated (the fill factor is less than 1), the
difference between sparse and dense pattern contrast is minor. The luminance determination has to be
complicated by the need for viewing direction precision. The use of area-luminance simplification offsets that
somewhat.

Some requirements are presented in categories. For example, some flat panels exhibit long image-formation times.
For static images, such panels are ergonomically acceptable without reservation. Not all modern applications rely
solely on such static images. Requirement categories are therefore established. If the supplied equipment has such
a limitation, the supplier/evaluator is required to identify it. The system integrator, purchaser or user then can
consider whether the category is consistent with intended applications.

Vi © ISO 2001 — Al rights reserved
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Clause 8 covering measurements is intended for evaluators of flat panel VDUs. The panel surface is sampled for
evaluation. Three evaluation sites are chosen and measured, and compliance decisions can be made from these
measurements. Panels with large requirement margins do not require precision-evaluation equipment but panels
with small margins can.

Clause 9 covering compliance is closely modelled on ISO 9241-3. The alternative test (Visual performance and
comfort test) prepared as a normative annex in an amendment to ISO 9241-3, is cited as an alternative compliance

route.

Annex A provides additional information on colour difference. Annex B extends the analytic flicker determination
method of 1ISO 9241-3 to luminance-time modulation that is not CRT-like. Annex C informs the users of this

Internatia
cannot |
luminang
method ¢
become

nal Standard of new work on an alternate modelling method for screens with reflection prg

e factor (specular or regular reflection) and standardized assumptions about the cenviron
evelops the bidirectional reflection distribution function. When this work progresses farther, it g
b normative method and replace the method in clause 8. The bibliography cites reférences.

perties that

e adequately modelled with a simple combination of luminance coefficient (diffuse(reflection) and

ment. This
an possibly

© I1SO 2001 — All rights reserved
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INTERNATIONAL STANDARD ISO 13406

-2:2001(E)

Ergonomic requirements for work with visual displays based
on flat panels —

Part 2:

Ergo

nNnoamic ro
LA~ 4 LA~ I~

1 Scqpe

This part|of ISO 13406

— estaplishes ergonomic image-quality requirements for the design and evaluation of flat panel displa
— defines terms needed to address image quality on flat panel displays;

— spegifies methods of determining image quality on flat panel displays, and

— estaplishes ergonomic principles for guiding these requirements.

This part|of ISO 13406 is applicable to

— flat panel display screens when used to perform office tasks,

— flat panel display screens that consist,ef\aregular array of picture elements arranged in evenly s

with

— the presentation of fonts based ©n Latin-, Cyrillic- and Greek-origin alphabetic characters and Arab
on flat panel display screens,

— the presentation of AsiagnTharacters, and
— flat panel display screens that are large enough to display at least 40 Latin-origin characters.

This part|of ISO 13406 is not applicable to

— flat

elec{ro=optical transducer (projection applications of flat panel displays), or

but built-in gaps,

S,

paced rows

ic numerals

size as the

Tanel technology applied to a display that uses optics to form an image that is not the same

— flat panel technology applied to a display limited to fixed-messages or segmented alphanumerics.
[See 2.13 IEC SC 47C (Central Office) 3:1992].

NOTE

Some of the measurement methods (e.g. contrast and luminance) in this part of ISO 13406 are not applicable for
reflective flat panels. When technology has developed, appropriate measurement methods will be added to this part of
ISO 13406.

© ISO 2001 — All rights reserved
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2 Norm

ative references

The following normative documents contain provisions which, through reference in this text, constitute provisions of
this part of ISO 13406. For dated references, subsequent amendments to, or revisions of, any of these publications
do not apply. However, parties to agreements based on this part of ISO 13406 are encouraged to investigate the
possibility of applying the most recent editions of the normative documents indicated below. For undated
references, the latest edition of the normative document referred to applies. Members of ISO and IEC maintain

registers of

currently valid International Standards.

CIE Publication No. 15.2:1986, Colorimetry. (Central Bureau of the Commission International d'Eclairage CIE),

Vienna, Austria

ISO 9241-311992, Ergonomic requirements for office work with visual display terminals (VDTs) —-Rart|3: Visual
display reqlirements.

ISO 9241-6] Ergonomic requirements for office work with visual display terminals (VDTs) =\(Rart 6. Guiglance on

the work en

ISO 9241-7

for display With reflections.

ISO 9241-8

Requirements for displayed colours.

3 Defin

For the purposes of this part of ISO 13406, the following definitions apply.

NOTE 1

3.1

3.1.1
area-lumin
luminance
pixel has le

NOTE A

3.1.2

backgroun
luminance ¢
NOTE B

313
contrast

Photometry

vironment.

Ergonomic requirements for office work with visual display terminals (VBTs) — Part 7: Reqd

1997, Ergonomic requirements for office work with visual ,display terminals (VDTs) -

tions

'he symbols used in certain definitions are explained*in clause 4.

ance
bf an area of the screen that)has a diameter of at least 10 pixels, such that the state of an
5s than 2 % effect

rea-luminance is exptessed in candelas per square metre (cd/m2).

d luminance
f an area.of the screen with no graphic images present

acKground luminance is expressed in candelas per square metre (cd/m?).

irements

- Part 8:

ndividual

(in a perceptual sense) assessment of the difference in appearance of two or more parts of a field seen
simultaneously or successively (hence: brightness contrast, lightness contrast, colour contrast, etc.)

NOTE

314
EUT
Equipment

Adapted from IEC 60050 (845-02-47):1987.

Under Test

© ISO 2001 - All rights reserved
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3.1.5

Lambert's (cosine) law

for a surface element whose radiance or luminance is the same in all directions of the hemisphere above the
surface:

1(6) = 1, cos(6) (1)

Where I(60) and I, are the radiant or luminous intensities of the surface element in a direction at an angle 6 from the
normal to the surface and in the direction of that normal, respectively

[IEC 60050(845-04-56):1987]

3.1.6
Lambertjan surface
ideal surface for which the radiation coming from that surface is distributed angularly according to Lambert's cosine
law

[IEC 60050 (845-04-57):1987]

For an ideal diffuse reflectance standard:

Pstp =T 94sTD (2)

3.1.7
luminange contrast
ratio between the higher, Ly and lower, L, luminances that define‘the feature to be detected, measured by contrast
modulatipn (Cy,) defined as:

| Ly-L

C =
m LH +L|_

(3)
or contrapt ratio (CR), defined as:

CRE¥—/— (4)
NOTE 1 | For flat panels, area-luminance targets can be used to approximate the luminances that define the feature to be
detected hecause pixels are discrete.

NOTE 2 Adapted fromSQ 9241-3:1992, 2.22.

3.1.8
luminange cogefficient (at a surface element, in a given direction, under specified conditions of illumination)
qv: 4
quotient pfthe luminance of the surface element in the given direction by the illuminance of the medium

NOTE 1 The luminance coefficient is expressed in reciprocal steradians.

NOTE2  Adapted from IEC 60050 (845-04-71):1987.

=% (5)

© ISO 2001 — All rights reserved 3
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luminance factor (at a surface element of a non-self-radiating medium, in a given direction, under specified

conditions

P B

of illumination)

ratio of the luminance of the surface element in the given direction to that of a perfect reflecting or transmitting
diffuser identically illuminated

B =

Lsample

Lperfect diffuser

NOTE1 1

NOTE2 A

3.1.10

optically anisotropic surface

optical surfi
inclination 3

3.2 Colorimetry

3.21
CIE1976 L

CIELUV colour space

three-dimern
quantities d

*

—_

S, ™
Il
©

<

13

Y, u', V' des
NOTE A

CIE 19

CIE 19

'he luminance factor is expressed as unit: 1

dapted from IEC 60050 (845-04-69):1987.

ace for which the radiation deviates from that of a Lambertian surface by-more than 10 §
ngle, < 45°

fu*v* colour space

sional, approximately uniform colour space produced by‘plotting in rectangular coordinates L*,
efined by the three equations:

]
6(r/Y,)3 —16, when Y/Y, >0,008 856
D3,3(Y/Y,), when Y/Y, < 0,008 856

BL (1 —u’)

*

L (v -v))

ribe the colour stimulus ¢onsidered and Y, ', V', describe a specified white achromatic stimu

pproximate correlates of lightness, saturation, chroma and hue may be calculated as follows:

2]

’

vV =V

’

76 u, vsaturationsuv=13[(1/—14;1)2 +( n

1
76 i, v.chroma C,, = |:u*2 +v*2:|2 =1 s

CIE 19

[IEC 60050

*
4

n

-V v
. j = arctan[

—u, u

*

’
1%

h,, = arctan(
ul

j, such that

0°<h,, <90° if v*>0 andu*=0
90°< Ay, <180°% if v*>0 andu*<0
180°< hy,, <270°% if v*<0 andu*<O0
270°< h,, <360° if v*<0 andu*>0

76 u, v hue-angle

uy

(845-03-54)]

(6)
o at any
u* v*
(7)
us.
(8)
(9)
(10)

© ISO 2001 - All rights reserved
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CIE 1976 uniform-chromaticity scale diagram
CIE 1976 UCS diagram

uniform-chromaticity-scale diagram produced by plotting in rectangular coordinates v’ against u’, quantities
defined by the equations (11):

’

’

4x _ 4x
X+15Y+3Z -2x+12y+3
9y 9y

X+15Y+3Z —2x+12y+3

See Figu

NOTE

3.23

CIE 1976
CIELUV
differenc
the L*u™*y

re 1 and IEC 60050 (845-03-53).

620 645

03
0,2 -

01

The curve annotations are wavelengths in nanometers.

Figure 1 — CIE 1976 UCS Diagram

L*u*v* colourdifference

colour difference

b between~two colour stimuli, defined as the Euclidean distance between the points represen
[* space-and calculated as equation:

2 2

AE,

V{(AL) Ha ] [ )’}

| =

(11)

ing them in

(12)

The set X,, Y, Z, and corresponding uy, vy, define the colour of the nominally white object-colour stimulus.

(See CIE

Publication No. 15.2.)

[IEC 60050 (845-03-55)]

© ISO 2001 — All rights reserved
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3.24

chromaticity uniformity difference

distance on

the CIE 1976 UCS diagram

AV = (g 1) +(vh —vy)?

where

uj,v4 and ub, vy are the coordinates of the same colour displayed at sites 1 and 2.

(13)

NOTE T
(See 3.2.2.)
3.2.5

dominant wavelength of a colour stimulus, 14

wavelength
achromatic

NOTE In
IEC 60050 (§

3.2.6

same dominant wavelength

two colours

3.2.7

spectrally extreme colours

his is the appropriate measure of colour uniformity if luminance is not uniform or if the objects are nof adjacent.

of the monochromatic stimulus that, when additively mixed in suitable proportiens with the [specified

stimulus, matches the colour stimulus considered
the case of purple stimuli, the dominant wavelength is replaced by the_.complementary wavelehgth. See
45-03-44).

have the same dominant wavelength if the difference between the hue angles of each colour ig small

spectrally ektreme colours are extreme blue and extreme red
NOTE Extreme blue is any colour with V' < 0,2. Extremeg red is any colour with »'> 0,4. The extreme regions arelillustrated
in Figure 2.
>
06 | 520,545 570
645
0,5
0,4
0,3
0,2
0,1
0 | | | | |
0 0,1 0,2 03 04 05 06 ¢
NOTE The curve annotations are wavelengths in nanometers.
Figure 2 — Extreme red and extreme blue
6
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uniform
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colour space

colour space in which equal distances are intended to represent a threshold or suprathreshold perceived colour
differences of equal size

[IEC 60050 (845-03-51):1987]

3.2.9

uniform-chromaticity-scale diagram
UCS diagram
two-dimensional diagram in which the coordinates are defined with the intention of making equal distances

represen
througho

[IEC 600

3.3 Ge

3.3.1

ut the diagram

50 (845-03-52):1987]

ometry

active area

part of a

3.3.2

Hisplay screen area delimited by picture elements [2.1, IEC SC 47C(€entral Office) 3]

angular subtence

size of a

Ang

Ang

NOTE
(u)'

3.3.3

visual target at a specified viewing distance, e.g. at the design viewing distance

ular subtence in degrees = 2 arctan ( target height ]

2 x viewing distance

ular subtence in minutes of arc =60 x 2 arctan( target height ]

2 x viewing distance

_ 3 438xtarget height
viewing distance

anisotroln)ic display

display (
in 3.1.10

3.34

coordinate 'system
a normal i i ).

See Figu

| as nearly as possible equal steps of colour discrimination for colour stimuli of the samg

The dimension for angular-subtence is degrees (°), which is further divided into minutes of arc (') and s¢

sually a liquid/erystal display) with emitted luminance and/or luminance coefficient that meets

luminance

(14)

(15)

bconds of arc

the criterion

re 3.

© ISO 2001 — All rights reserved
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Key

E Pos|

OE =r Woiking distance

1
NOTE 1
NOTE 2

9

NOTE1 1

Let a point
measuring
the ON - Of

Let P be ar
that plane

azimuth angle, ¢, is the counterclockwise angle between OX and OP.

tion of the entrance pupil of the luminance meter

D° (3 o’clock)
n some literature, the azimuth is specified by clock positions. 3 o’clock is definegd-as ¢ = 0°.

Normally only positive values for @ are used. (-6, ¢) is identical to the direction\(+6, ¢ + 180°).

Figure 3 — Coordinate system

'he following is a detailed definition of the coordinate system.,See Figure 4.
(pixel or centre of a visual target) be labelled O.\Construct a line, from O to the entrance py

nstrument, OE, and a line, ON normal to the image plane of the display. The angle from ON
E plane is the inclination angle, 6. The distance OE is the radius r.

o the right of and parallel to the ling that bisects the active area horizontally. This is the X

pil of the
to OE in

y point on the line that is formed by _the projection of OE on the image plane. Construct a life, OX in

bxis. The

Key
3 o’clock;

6 o’clock;
Image su

A WON -

¢ = 270°

right edge of the screen as seen from the user

12 o'clock; top edge of the screen as seen from the user

bottom edge of the screen as seen from the user
rface of the screen

Figure 4 — Coordinate system - definition
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NOTE 2

3.3.5

ISO 13406-2:2001(E)

For more information on coordinates and viewing angles, see VESA Flat Panel Display Measurements Standards
(1998), chapter 300-2.

Frankfort plane
is an imaginary plane through the head established by the lateral extensions of a line between the tragion and the
lowest point of the orbit

See Figu

re 5.

Key

1 Tragio]
2 Frankf
3 Inferio

Orbit is t
the outer

3.3.6

n
prt plane
[ ridge of the orbit

ne cavity in the skull that contains the eye. Tragion (or tragus)-is‘the projection of cartilage in
ear that extends back over the opening of the external auditory“meatus.

Figure 5 — Frankfortplane

gaze angle

angle fro

See Figu

Key
1 Gaze
2 Lined

M the Frankfort plane to the plane formed by-the pupils and the visual target

re 6.

angle
f sight

Figure 6 — Gaze angle

NOTE

3.3.7
head tilt

I'he comrortable range 1s about U™ 10 about 495°.

angle

angle from the Frankfort plane to the horizontal plane and due to tilt of the head

NOTE

See Figu

When the head is erect, the head tilt angle is about 4°

re7.

© ISO 2001 — All rights reserved
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g

=

JLY)

R

\\\\JZ

o,

Key
1 Horizontal plane
2 Head tilt angle
Figure 7 — Head tilt angle
NOTE The-comfortablerange-is-abeut-0to-abeut 20
3.3.8

viewing angle range

conical spa

[IEC SC 47

Ce originating at a pixel that includes all viewing directions for which specifications are satisfied

C (Central Office) 3]

3.4 Display technology

3.41
fill factor
fraction (of

[1ISO 9241-3

3.4.2

he total area geometrically available to a pixel) that can be altered to display information

1992, 2.15]

emissive djsplay

display that

NOTE 1
the transduc

1

contains its own source(s) of light

b
P

r.

NOTE 2  Adapted from 2.4, IEC/SC 47C (Central Office) 3.

3.4.3

gray scale

a display is[said to have gray scale-if it can display images demanding more than two luminance levels
[2.4, IEC/SC 47C (Central Office) 3]

344

image formation time

time for the

NOTE 1

relative-luminance of a visual object to change from 0,1 to 0,9

[hetelative luminance-is

[his light can be produced by the transducetitself or provided by one or more internal light source(s) mo

Hulated by

(L = Lmax)/(Lmax — LminD;

where

Lyax and Ly are the time averaged highest and lowest luminance states, respectively;

L is the

NOTE 2

instantaneous luminance.

time is resolved to the ranges shown in Table 1 and is expressed in milliseconds.

10

The relative luminance is filtered to eliminate temporal variations that are not visually detectable. Image formation

© ISO 2001 - All rights reserved
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Refresh period

—_— - + ———= Image formation time

2,5

1

Relltive luminance

1,5 \‘

1

—

SN 4 [ - MW

0 10 20 30 40 50 60Q 70
Time (ms)

NOTE 1 This illustrates a typical case.
NOTE 2 | A constant-luminance back light is assumed (after prefiltering for 4kS/s sampling).

NOTE 3 | Figure 8 illustrates the image formation time. Thestrace with the marks represents the unfiltered lunjinance time,
normalizefl to a range of 1,0. The bold trace is the first trace filtered to include those frequencies that are psy¢hophysically
significan{. The image formation time is judged on this trace. In this example, #; = 2,00 ms is the time recorded|at 0,1 of the
maximum|luminance with the luminance increasing; ¢, =-15,25 ms is the time recorded at 0,9 of the maximum lupinance with
the contrgst increasing; #3 = 50,00 ms, is the time recorded at 0,9 of the maximum luminance with the luminance¢ decreasing;
and, 74 = 61,75 ms is the time recorded at 0,1 ofthe maximum luminance with the luminance decreasing. Image fgrmation time
is tp — t1 | (t4— t3) = 25 ms. The luminance time is-sampled at 4 kS/s, so the precision is £ 0,5 ms.

NOTE 4 | For flat panel displays with very fast electro-optic physics, the refresh period is the image formation time

Figure 8 — Image formation time

Table 1 — Image formation time in milliseconds

Time range Significance
t <10 Motion artefacts become undetectable at image formation times less than 3 ms.
10 1 <55 Contrast is stable for most applications. Motion artefacts can be distracting.
55=7=<209 Applications—using—scrotting;—antmatiom—and—pointing—devices—tose—detectable

contrast. Blink coding from 0,33 Hz to 5 Hz is operable.

t>200 Noticeable loss of contrast observed during key entry, scrolling, animation, and
blink coding. Pointing devices with rapid cursor positioning can be used only with
special techniques.

3.45

absolute luminance coding

information presented where the only dimension that is used for visual differentiation is difference in image
luminances

© 1SO 2001 — All rights reserved 11
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3.4.6

relative luminance coding

information presented where either the coded images are touching or the luminance difference is secondary to a
primary differentiation such as shape or colour

3.4.7
pixel
smallest element that is capable of generating the full functionality of the display

3.4.38
pixel pitch
the distance between corresponding points on adjacent pixels, both horizontally (Hpitch) and vertically (Vpitd

)

=3

NOTE Rixel pitch is expressed in millimetres.

3.4.9
reflective display
display dev|ce that modulates light from an external source by reflection

[2.12, IEC 47 CO 2]

3.4.10
screen tilt angle
(04
angle formgd by the intersection of the plane tangent to the centre of the display and the horizontal plane

NOTE $creen tilt angle is expressed in degrees.
See Figure 9.
2
1
o
3
Key
1 Viewing gide
2 Display

3 Horizontgl surface\(e.g. a table)
Figure 9 — Screen tilt angle, o

NOTE «ais identical to the angle, 4 in 6.1.2 of ISO 9241-3:1992.

3.4.11

small-size panel

a flat panel with a viewing area with the smallest dimension in the range of 1,6° to 4,8° at the design viewing
distance and with the largest dimension of at least 4,8° at the design viewing distance

See Figure 10.

12 © ISO 2001 - All rights reserved
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Key

1 Design viewing distance

NOTE 1
definition

NOTE 2

3.4.12
subpixe
a separa

NOTE

create ha
minimize
ISO 1340
3.4.13

pixel fa
local def

See Tab

ISO 13406-2:2001(E)

> 4,8°

L 8°

1,6°

Figure 10 — Small-size panel

Smaller panels will not hold more than 40 complying Latin characters“and are outside the scope of the g
s used in screening and selecting measurement locations only. See 8.4.2 Standard measurement locatio

For a viewing distance of 500 mm, 1,6° = 14 mm; 4,8° = 42:mm.

ely addressed internal structure in a pixel that extends the pixel function

Examples include primary colour subpixéls used in some multicolour flat panels and multiple-size subp
f-tone-like gray scale effects. Microstructure within primary subpixels is sometimes used to minimize an
fault visibility by adding redundancy, in flat panels. Such microstructures are still called subpixels in
5. Display engineering literature eften uses the term “dot” which is not used in this part of ISO 13406.

Its
cts of types 1, 2 o3

es 2 and 3.

tandard. The
NS.

xels, used to
sotropy or to
this part of

© ISO 2001 — All rights reserved
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Table 2 — Pixel faults

Fault type Description

Type 1 fault Pixel in stuck high state
(when system command = minimum luminance) (L > 0,75 Ly + 0,25 Ly)

Type 2 fault Pixel in stuck low state

(when system command = maximum luminance) (L < 0,75 Ly + 0,25 Ly)

Type 3 fault Pixel or subpixel is abnormal, but not of type 1 or 2.
For example, a stuck subpixel or intermittent fault.
Fault cluster Two or more pixels or subpixels with faults within a 5 x 5 blockoef-pixels.
L is the measured luminance of the pixel.
Ly is the ayerage pixel response to a maximum luminance command (e.g. white).
Ly is the ayerage pixel response to a minimum luminance command (e.g. black).
Table 3 — Definition of fault classes, Classpixe|
Maximum number of faults per type per‘million pixels
Cluster with
more than one | Cluster gf type 3
Clasp Type 1 Type 2 Type 3 type 1 or type 2 faults
faults
I 0,000 0,000 0,000 0,000 0,0p0
I 2,000 2,000 5,000 0,000 2,0p0
[l 5,000 15,00 50,00 0,000 5,0p0
v 50,00 150,0 500,0 5,000 50,p0
3.4.14
transflective display
display devjce that modulates-light from an external source by reflection and from another source by trarjsmission
through a semitransmissijve.reflector
[2.15, IEC/$C 47C (€entral Office) 3]
3.4.15
transmissiye-display

display that modulates Tight from an exiernal source by fransmission

NOTE If the display has a built-in light source, this part of ISO 13406 treats the display as emissive, not transflective, and
not transmissive.

[2.16, IEC SC 47C (Central Office) 3]

3.4.16

viewing area

active area plus any contiguous areas that display permanent visual information or display background

[2.18, IEC SC 47C (Central Office) 3]

14 © ISO 2001 - All rights reserved
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3.5 Alphanumeric symbols

NOTE

3.5.1

In keeping with the guiding principle that this part of ISO 13406 values consistency with ISO 9241-3, where
appropriate, these definitions are identical to those contained in 1ISO 9241-3. If there is a departure from the original definition,
the definition is followed by a note stating “Adapted from ISO 9241-3...". Departures are based on the use of whole pixel spaces
to judge object sizes. It is now common to have the capability to display more than one character font design. This change
results in an acceptably small error, but allows many fonts to be evaluated without complex laboratory work.

anti-aliased font
alphanumeric characters in which a technique has been utilized to smooth character edges

[1ISO 924/1-3:1992, 2.2]

3.5.2

betweenl-character space

distance petween horizontally adjacent characters at their nearest points in whole pixel spaces
NOTE 1 Between-character space is expressed in pixels.

NOTE 2 | Adapted from ISO 9241-3:1992, 2.3.

3.5.3

betweentline spacing

distance petween vertically adjacent characters at their nearest points’inswhole pixel spaces
NOTE 1 Between-line spacing is expressed in pixels.

NOTE 2 | Adapted from ISO 9241-3:1992, 2.4.

3.54

betweenword spacing

horizontdl distance between adjacent words at their\nearest points in whole pixel spaces

NOTE 1 Between-word spacing is expressed in pixels.

NOTE 2 Adapted from ISO 9241-3:1992,2.5.

3.5.5

charactgr format

number of horizontal and vertical-elements (pixels) in the matrix used to form a single character
NOTE 1 Character format,is‘expressed in pixels.

NOTE 2 | Adapted fromNSO 9241-3:1992, 2.7.

3.5.6

charactgr height

v

distance, as the subtended angle, of the spaces in whole pixel between the top and bottom

non-accented capital letter H

NOTE 1

NOTE 2

l//:

Character height is expressed in degrees.

Adapted from ISO 9241-3:1992, 2.8.

180 x 60 x Vpitch X NH,Height

T X Dyjew

© ISO 2001 — All rights reserved
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_ 3438 X Vpitch X NH Height (17)

D view

NOTE 3 The unit in equations (16) and (17) is ' (minutes of arc). Minutes of arc is converted to degrees of arc by the factor
(1°/60"). Degrees of arc is converted to radians by the factor (71/180°).

3.5.7

character width

horizontal distance between the edges at the widest part of an unaccented capital letter H (excluding serifs),
measured in whole pixel spaces

NOTE 1 Character width is expressed in pixels.

NOTE 2  Adapted from ISO 9241-3:1992, 2.10.

3.5.8
character width-to-height ratio
ratio of character width to character height

NOTE Character width-to-height ratio is expressed in pixels.

[ISO 9241-3:1992, 2.11]

3.5.9
stroke width
average dimension of the horizontal and vertical edge-to-edge distance of a character stroke, judged by the
number of Whole, average pixel spaces in each

NOTE $troke width is compressed in pixels.

3.5.10

legibility
ability for unambiguous identification of single characters or symbols that may be presented in a non-contextual
format

3.5.11

readability
characteristics of a text presentation on a display that effect performance when groups of characters are to be
easily discriminated, recognized and interpreted

3.5.12
character height number

NH,Height
number of pixels in theyheight of an unaccented, uppercase character H

NOTE Character height number is expressed in pixels.

16 © 1SO 2001 — All rights reserved
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4 Symbols
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Table 4 — Main symbols and units

See Tables 5 and 6 for more variable conventions.

Symbol Name/Description Units
AMP,, 2 % |C,1| 1
Co
co Time-averaged dark-room luminance cd/m?2
Classpix| Pixel fault class, see 7.20 Pixel faults
Classretiection Reflection class, see 7.17 Reflections
Classvigwing Viewing direction range class, see 7.2 Design Viewing
direction
Cm Contrast modulation 1
Cn The nth complex Fourier coefficient’(at'a multiple of the cd/m?2
fundamental frequency)
CR Contrast ratio 1
Dactive The diagonal of the activerarea of the screen mm
Dgesign iew Design viewing distafce (specified) mm
Dyiew The distance between the entrance pupil of the mm
measurement'instrument and the centre of the considered
object on the'screen. The distance between the bridge of
the nose‘of the viewer and the centre of the screen
E lllumirance Ix
E, Screen illuminance from ambient lighting Ix
at a workplace
Eops Observed retinal illuminance td
Epred Retinal illuminance where flicker occurs td
(at a specific frequency)
Eg Design screen illuminance Ix
FFT(v) The Fast Fourier Transform of a vector of readings 1
n n % the fundamental frequency Hz
Hpitch The horizontal pixel pitch mm
hyy hue-angle °
Hiew the height of the active area mm
L* Lightness 1
Ly First luminance [Lgark Hs(cL-0)] cd/m?
Ly Second luminance [Lgark,Ls(cL-0)] cd/m?2
LEa task area(TA-n) Area luminance of a task area (numbered n), with ambient | cd/m?2
lighting of the workplace
© ISO 2001 — All rights reserved 17
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Table 4 (continued)

Symbol Name/Description Units

Lepat) Frame-period averaged luminance-time response function

Lievel,max The biggest luminance value of any test location in any test | cd/m?2
direction at the luminance code level

Ligvel,min The smallest luminance value of any test location in any cd/m?2
test direction at the luminance code level

Lmax The biggest of a series of luminance values cdfm?2

Lin The smallest of a series of luminance values cdfm?

LREFEXT-I Evaluation luminance level for extended specular source, cdfm?2
class land Il

LREFEXT-IlI Evaluation luminance level for extended specular'source, cdfm?2
class Il

LREFSML-I Evaluation luminance level for small specular source, class | cdfm?2
land Il

LREESML-IN Evaluation luminance level for small specular source, class | cdfm?2
1l

NH The number of columns ofpixels on the screen 1

NH, width The number of pixels«in‘the width of an unaccented piXels
uppercase charactet H

NH,Height The number of.pixels in the height of an unaccented piXels
uppercase character H

NH,hz_stroke The number of pixels in the horizontal stroke of an pixels
unaccented uppercase character H

NH,vt_stroke The'number of pixels in the vertical stroke of an unaccented | pixels
uppercase character H

Ny The number of rows of pixels on the screen 1

q Luminance coefficient sr!

r The radius of the exit port of the specular light source mm

Sks,Es(4) The spectral distribution of the design screen illumination, 1
Eg

T Refresh period mg

1 Timeattr—0 HEr—fhstate+—2 e

to Time at L1—0,9(L1 — Ly) ms

t3 Time at L4 — 0,1(L4 — Lo), state 2 — 1 ms

17 Time at L1 —0,9(L1 — L) ms

Tol Tolerance 1

18 © 1SO 2001 — All rights reserved
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Table 4 (continued)

Symbol Name/Description Units
u', v CIE 1976 UCS values, subscript » indicates “specified white | 1
why, Vi achromatic stimulus” and Es,Es indicates design screen
, , illumination
U Es,Es> V Es,Es
Vpitch The vertical pixel pitch mm
Wyiew The width of the active area mm
XY Z Tristimulus values of a colour stimulus subscript # indicates, | lcd/m?2
Xns Yo, Zn “specified white achromatic stimulus” and Es Es indicates
Xgs.Es» YEs Es) ZEs Es design screen illumination
X, Y,z Chromaticity coordinates: 1
Xns Vn» Zn The ratio of each of the tristimulus values to theif’sum,
XEs Es» VEs Es» ZEs Es subscript » indicates “specified white achromatic*stimulus”
' ’ ' and Es,Es indicates design screen illumination
Y Yy 2°, 1931 tristimulus value, subscript » ifidicates “specified cd/m?2
white achromatic stimulus”
z The distance from the exit port 6f the light source to the mm
diffuse reflectance standardit\is)illuminating
AEZV 1976 CIE L*u*v* colour difference, CIELUV, —
1 to 4 targets
Auv' Colour uniformity difference between 2 targets. Widely 1
separated 1° targets with luminance variation allowed
a Screen tilt angle °
The luminance factor (for regular reflection) 1
NOTE ;> Regular = specular, mirror-like
Psto Luminance factor of the specular reflectance standard of 1
the test laboratory
¢ Azimuth angle ’
éD Design azimuth angle (either 90° or 270°) °
4 The height of an unaccented upper case character H °
dc Critical azimuth angle i
PSTD Diffuse reflection factor of the diffuse reflectance standard 1
of the test laboratory
2] Inclination angle °
&b Design inclination angle °
Orange Inclination-angle range °
Orangemax The maximum inclination angle range °
Orangemin The minimum inclination-angle range °
© 1S0 2001 — All rights reserved 19
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Table 4 (continued)

Symbol Name/Description Units

' (as a size) The angular subtense of a visual target at a (specified) '
viewing distance

See 3.3.2, angular substence

° (as a size) The angular subtense of a visual target at a (specified) °
viewing distance

See 3.3.2, angular substence

Table 5 — Arbitrary symbol: Ag c(p)(E)

Position Explanation Example Explanation for the example
A Physical quantity Y Luminance
B lllumination condition S-SML llluminated with the small specular
source condition
C Measured object HS Measuring the high state of the flat
panel
D Measurement location CL-2 In the centre location, at

measurement angle 2

E Tristimulus curve or 410 Wavelength 2 =410 nm
spectral wavelength

NOTE If|the position E is omitted, then it is not applicable, orgefers to the V(4 )corrected value (=Y)

Table 6 — List ,of symbols and subscripts

Position Symbol Explanation
A Y Intermediate luminance values
A L Final luminance values
A R Reflectometer value (See ISO 9241-7 for details)
A S Spectral value
A q Luminance coefficient
A u' Chromaticity coordinate in the CIE 1976 UCS diagram
A V' Chromaticity coordinate in the CIE 1976 UCS diagram
A Au'v' Chromaiticity uniformity difference in the CIE 17976 UCS diagram
A B Luminance factor
B DIFF lllumination with the diffuse light source of the test laboratory
B S-SML lllumination with the small specular light source of the test laboratory
B S-EXT lllumination with the extended specular light source of the test
laboratory
dark Dark-room conditions
Es Converted to design screen illumination E5 condition

20 © 1SO 2001 — All rights reserved
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Table 6 (continued)

Position Symbol Explanation

B E; Screen illumination Eg at a workplace

B REFEXT-I Converted to large-glare source condition, class | and Il

B REFSML-I Converted to small-glare source condition, class | and Il

B Es+REFEXT-lI | Converted to simulation of design screen illumination and large-glare
source, class | and Il

B EFTREFSME-—Convertedto simutation of design screen iifumination and smatitglare
source, class | and Il
REFSML-III Converted to large-glare source condition, class I
REFEXT-III Converted to small-glare source condition, class Il
Es+REFEXT-IIl | Converted to simulation of design screen illumjnation and largefglare
source, class Il

B Es+REFSML-III | Converted to simulation of design screen-illumination and smalltglare
source, class lll

B Ea+AMBLUM The combined light from ambient lluminance and the specular light
sources at an actual workplace

C HS Flat panel in high state, photometer focus on the flat panel. Ip text
presentation, HS and LS arerthe two colours used in the text, i.e. HS
and LS can be colours other than black and white.

C LS Flat panel in low state, photometer focus on the flat panel. Ip text
presentation, HS and LS are the two colours used in the text, i.e. HS
and LS can be calours other than black and white.

C HS-F_EXT Flat panel in-high state, photometer focus on the exit port of the
extended(light source

C LS-F_EXT Flat, panel in low state, photometer focus on the exit port ¢f the
exterided light source

C HS-F_SML Flat panel in high state, photometer focus on the exit port of the|[small
light source

C LS-F_SML Flat panel in low state, photometer focus on the exit port of the [small
light source

C HS-OFF Flat panel in high state, backlight switched off. Only applicable to
certain types of displays

C LS-OFF Flat panel in low state, backlight switched off. Only applicable to certain
types of displays

C C:—r r:dt pallc: evvituhcd Uff

level Flat panel in a specific absolute luminance coding level, numbered
1...n

C level-OFF Flat panel in specific absolute luminance coding level, backlight
switched off. Only applicable to certain types of displays.

C DIFF The diffuse light source of the test laboratory

C S-SML The small specular light source of the test laboratory

C S-EXT The extended specular light source of the test laboratory

C HS-MIN The required minimum luminance for the high luminance state

© ISO 2001 — All rights reserved
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Table 6 (continued)

Position Symbol Explanation

C Task area A task area that is frequently viewed in sequence while using the
display (document, covers, etc.)

C dSTD The diffuse reflectance standard of the test laboratory

C sSTD The specular reflectance standard of the test laboratory

C aSTD The alignment check standard of the test laboratory

C L;U:UUI'H ThU ﬂdt pdal IU: ;II thc \IU:UUI i

d Colour-n-OFF | Flat panel in specific colour n, backlight switched off. Only applicable to
certain types of displays.

d Es Used with position A = X, Y or Z. Indicates that X, Y and-Z.stand for fhe
tristimulus values of the design screen illumination.

O HL-n High measurement location, n = 0...7

O LL-n Low measurement location n = 0...7

O CL-n Centre measurement location, n = 0...7

O CL-nS Centre measurement location, » =_.0¢..6 used in specular reflection
measurements

O CL-nD Centre measurement location,>» = 0...6, used in diffuse reflection
measurements

O dSTD-#Sm Location for calibrationsmeasurement of the diffuse reflectance
standard, n = 0...6, m =15, 30, 45

O Ly Location for measuring the luminance of the specular light sources.

O TA-n Task area location, » = min, max

O T-n Tolerange measurement location, n = 1...4

O PL-n Potential measurement locations, n = 11, 19, 91, 22, 33, 44, 55, 66, [/7,
885,99

O m,n Combination of two locations, used in uniformity calculations
(e.g. CL1, CL2)

= X Weighted using the weighting function for CIE 1931 ftristimylus
coordinate X. Used in tristimulus analysis.

= Y Weighted using the weighting function for CIE 1931 ftristimylus
coordinate Y. This is equal to the weighting function for V().

= If position E is omitted, then the weighting function V(1) is assumed

E Z Weighted—using—the—welghting—funeton—fer—CHE—1934+—tristmdlus
coordinate Z. Used in tristimulus analysis.

E 400, 410, ... 700 | The value at wavelength 400, 410, ..., 700. Used in spectral analysis.

5 Guiding principles

The visual display work system is an integrated whole, which includes the flat panel display and other hardware
(keyboards, pointing devices, etc.), environment, task structure, and other factors. The characteristics of a flat
panel must be considered in relation to the other elements of the work system and not as a collection of isolated
visual requirements.

22 © ISO 2001 - All rights reserved
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Design elements often interact such that optimizing one degrades another. For example, in multicolour flat panel
displays there are tradeoffs between the palette of available colours and the constancy of colour rendition with

viewing d

irection. Tradeoffs should be made to achieve an acceptable balance.

For viewing efficiency in flat panel display environments, the image quality should be significantly above the
threshold values for the individual stimuli. The recommendations of this part of ISO 13406 take this into account.

While many recommendations are based on performance data from the viewpoint of the above paragraph, some
recommendations and requirements are based on user comfort.

Application_elements, generally embodied in software, and the hardware elements cannot be judged separately.

Coding and character formation require hardware capability and consistent application of that capability.

6 Performance requirements

The objeftive of this part of ISO 13406 is that the images presented on flat-panel-based\¥DUs be legib

and com

NOTE
other purp

7 Desgign requirements and recommendations

7.1 De

Design v
labels of

For offig
ISO 9241

Workstatjon requirements are the subject of ISO 9241-5. However, in the work place, the design shou

display t¢
the appli
height, 4
Asian ch

ortable in use. See clause 9 for compliance with this part of ISO 13406 and clause 3 for definiti

The terms legibility and readability are used as defined in ISO 9241-3. Sémg research uses the sa
oses.

sign viewing distance

ewing distance, Dgesign view Shall be not less than400 mm, however, for certain applications (&
touch screens) the design viewing distance may‘be reduced to 300 mm.

e work in the context of ISO 9241-3)-the recommendations of 5.1 Design viewing (¢
-3:1992 should be followed.

be used with the design viewing distance. If the task requires a significant amount of reading,
cation and the work place ‘should be consistent with display viewing at a distance where th
. of the character set.meets the recommendations of 7.6: character height, 20" to 22" (30
bracters). This relationship is shown in Figure 11.

e, readable
ons.

me terms for

.g., soft key

istance, of

Id allow the
the design,
e character
to 35' for
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7.2 Design viewing direction

The display]
specify a de

The inclinaf
and a charg
viewing cor

cone). See Figure 12.

NOTE1 A

The design

eyes than the bottom, and 270° when the bottom is intended to be closer to the users’ eyes and the t

screen. Sed
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il
il
400 = mﬂﬂﬂl
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Character height, ¢ (mm)

T Preferred character height for legibility
Acceptable character height

Figure 11 — Viewing distance —character size relationship

shall conform to all optical requirements over a relevant range of viewing directions. The sup
sign viewing direction (&p, ¢p) and-an inclination angle range, range-

ion angle range, range, shall exceed a value consistent with the design viewing distance, D
cter height of ¥'= 22", The' design inclination angle, 6p shall be larger than 0° (the case of a s
e) and shall be smaller than 40° — &range/2 (to avoid measurements at angles outside the 80

ccording to the{definition of dp, & can only be in the range 0°-90°. Viewing cone = @rapge is in the range (
azimuthhangle, ¢p, is 90°, when the supplier intends that the top of the screen be closer to t

Figure 13.

blier shall

esign view
ymmetric

> viewing
°-180°.

he users’
bp of the

Six directions are used for measurement. See 8.4.1 Test directions.”)

1) At the time this part of ISO 13406 was written, the number of test directions was limited to six in order to make it
economically possible to perform a test with the test equipment technology available at that time. Limiting the test to only six
directions might not describe the entire performance of a flat panel. From an ergonomics point of view, it might be useful to
extend flat panel evaluation to more than six test directions when subclauses 7.14 Display luminance, 7.15 Contrast, 7.17
Reflections, 7.19 Luminance uniformity, 7.25 Default colour set and 7.27 Colour differences are evaluated. The relevant azimuth
angle range and inclination angle range to analyze depend on, for example, the task, the viewing distance, the screen size and
the number of simultaneous users.
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For ease of understanding, four performance classes for viewing direction range (Classyiewing) are defined and
referred to in the other requirements:

Table 7 — Viewing direction range classes, Classyiewing

Classyjiewing Description

I Allows multiple users to view the whole area of the display at the design viewing distance from
any viewing direction within an 80° viewing cone without reduced visual performance.

Provides uniformity over the whole screen. Allows movement of the head.
Not suitable for tasks where a narrow viewing cone is needed (e.g. privacy, low power
consumption).

Il Allows a single user to view the whole area of the display at the design viewing distange from any
location in front of the screen.

Provides uniformity over the whole screen. Allows movement of the head.
Not very well suited for tasks where a narrow viewing cone is needed (e.g. privacy, [low power
consumption).

[ Allows a single user to view the whole area of the display at the design viewing distance from one
fixed location (the design viewing distance, design viewing-direction in front of the cgntre of the
screen).

Provides uniformity over the whole screen. Does not allow movement of the head.
Suitable for tasks where a narrow viewing cone is'needed (e.g. privacy, low power congumption).

v Allows a single user to view the centre ofthe screen at the design viewing distancg¢ from one
fixed location (the design viewing distance, design viewing direction in front of the cgntre of the
screen).

Requires user to tilt and rotate the display for uniform image appearance. Does| not allow
movement of the head.

Very well suited for tasks™where a narrow viewing cone is needed (e.g. privacy, |Jow power
consumption).

For some tasks, a narrow viewing direction range is desired. For example, if it is not wanted that co-traveller§ in a public

transport vehicle can see the information on the screen. The selection of Classyjewing is Usually an ergonomics|task design

trade-off|decision.
© ISO 2001 — All rights reserved 25
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The arrows if the picture indicate the possibility of moving the head.

Four classed, Classviewing, are defined, I-IV. The relevant-range of viewing directions depends on the task design, i.¢. the size
of the viewinp area, the viewing distance and how much the user needs to move his head and still maintain acceptable legibility
and viewing |performance. This part of ISO 13406 defines different viewing-direction criteria for different parameterg, such as

contrast and|chromaticity uniformity difference:

To enable grgonomic task design, the manufacturer shall report Classyiewing Of the display in the user's manua] or in an

equivalent why.

Figure 12 — Viewing direction range

26 © 1SO 2001 — All rights reserved


https://standardsiso.com/api/?name=7b6bc2cc51728e36281851e52baba104

ISO 13406-2:2001(E)

¢p = 270°
3
Key
1 Line ¢f sight
2 Normgl

3 Releviant azimuth range

Figure 13 — Relevant azimuth range

Figure 14 is an illustration of test directions. The data used for¢he examples in Figure 14, Figure 30 and Tables 33
to 35 arelidentical.

Key
1 Landgcape oriented, ¢p = 90°, 6p = 0° and ¢c = 63,4° (Table 33)
2 Landgcape oriented, ¢p = 270°, 6p = 0° and ¢¢c = 63,4° (Table 34)
3 Portrait oriented, ¢p = 270°, dp = 10° and ¢c = 71,67 (Table 35)

Figure 14 — Examples of test directions

NOTE 2 The key factors affecting the user preference for design azimuth, ¢p, are glare, brightness and contrast. For isotropic
emissive displays ¢p is usually 270° (because users try to avoid reflected glare caused by luminaires. For isotropic reflective
displays ¢p is usually 90° (because users try to maximize the brightness). For anisotropic displays ¢p is an angle where contrast
and brightness are sufficiently high but reflective glare is sufficiently low (thus ¢p depends highly on the display technology and
the luminous environment).

NOTE 3  For single-viewer legibility, a value of &,,nge greater than 80° will not add value. For all displays and printed material,
as the inclination angle increases, the characters appear geometrically shorter. At 40°, a character appears about 25 % shorter.

© ISO 2001 — All rights reserved 27


https://standardsiso.com/api/?name=7b6bc2cc51728e36281851e52baba104

ISO 13406-2:2001(E)

For example, a 16' character, viewed at an inclination angle of 40°, is shortened to only 12'. It is unnecessary to require isotropy
for larger inclination angles since even printed matter suffers from more severe off-angle viewing. Independence of parameters
with viewing direction outside this 80° viewing cone may be useful when multiple viewers use a single display and character
distortion is not a problem, but this situation is not addressed in this part of ISO 13406.

NOTE 4

The inclination angle range, ¢.ange Was selected to allow acceptable display use without requiring head movement

due to anisotropy. The minimum inclination angle range is based on reading comfort and depends on the size of the panel and
the viewing distance. The maximum inclination angle range depends on legibility for a single viewer.

7.3 Design screen illuminance

The supplig
750 Ix. For
display will

If a flat pan
9241-3, E 7
screen tilt g

If the applig
coordinates

calculationd.

NOTE1 §
measuremer
NOTEZ2 T

office operat

7.4 Gaze

The work p
(6b, ¢p) wit

7.5 Chro

This requirg

I shall Specify the design screen numinance, Eg. For emissive displays, Eg shall be from
ransflective and reflective displays, the supplier shall indicate the minimum illuminance under
meet the luminance requirements in 7.14 Display luminance.

bl VDU is designed for use in an erect posture by a sitting user, the default screen illuminance,
[250 + (250 cos «a )] Ix, may be used where « is the screen tilt angle. (See 3:4.10 for the de
hgle.)

u's, V's of the design screen illumination need to be defined in order to perform colour g

ts.

ransflective or reflective displays with a minimum illuminance,that exceeds 750 Ix sometimes require a ta
on.

and head-tilt angles

ace and flat panel VDU design should permit the user to view the screen in the design viewing
h a gaze angle from 0° to 45° and a head tilt angle from 0° to 20°.

maticity uniformity difference (See Figure 15)

ment does not apply to nfonochrome displays.

250 Ix to
which the

from 1ISO
finition of

ation is using, or if the flat panel is designed to be used with, a default.celour set, then the chjomaticity

ifference

e 8.3.3.4 Luminance sources for the spectro-radiometric distribution requirements needed for fepeatable

sk light for

direction

\'

Any non-uniformity of the colour shall not create competing information content when evaluated at three locations
on the screen for viewing direction range class, Classyiewing IV according to 7.2 Design viewing direction.

Depending

28

on the task, Classyjewing |, Il or Il should be required.

Figure 15 — Chromaticity uniformity difference
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The maximum chromaticity difference shall conform to the values in Table 8. The values required for the default
colour set case in 7.25 are recommended for appearance in all applications.

Table 8 — Maximum chromaticity difference

a
D active

Ddesign view

[N

Au'v

Applications using colour per

7.25 Default colour set Any primary col

ourb

<075

0.02 0.02

> 0,75

0,03 0,03

@ | Dqciive is the diagonal of the active area of the screen, Dyesign view IS the design viewing distanee.

b | The primary colours are the unmixed colours from the flat panel, usually red, green and blue.

7.6 Character height

Flat pan¢l displays shall be capable of presenting characters with a character height, ¥ according
Charactgr height is the number of pixels in an unaccented upper-case-H; Ny Height times the vertical

See Figure 16 for an example.

Table 9 — Character heights, ¥

to Table 9.
pitch, Vpitch.

Minimum for legibility Preferred range for legibility

Latin origin

16’ 20" to 22

Asian

25’ 30" to 35

For appl|cations where legibility is incidental to the task, smaller characters may be used (e.g., fo

r footnotes,

superscripts, subscripts). The charaeter height should exceed 10’ unless loss of legibility is acceptabld (e.g., page
layout appearance).

© ISO 2001 — All rights reserved
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Haitch

Character width = 7 x Hpjtcn, character height ¥= Ny Height * Vpitch @nd Ny Height.=9-

Figure 16 — Example of character height

7.7 Stroke width
For a Latin-prigin character, the number of pixels in a stroke shall be from 8 % to 20 % of Ny Height.

NOTE Flgure 16 illustrates a case of 9 pixels in an H, and-a\correct design of the stroke width. (1 pixel equals 11 %.)

7.8 Charnacter width-to-height ratio

Table 10 — Character width-to-height ratio

Preferred range for

Required range optimum legibility

Latin origin 0,5:1 to 1:1 0,6:1 to 0,9:1

Asian 0,8:1to 1,2:1

For'Latin-origin characters, the ratio shall be judged on an unaccented upper-case
character, H. See Figure 16.

7.9 Fill factor

For flat panel displays having a pixel density of less than 30 pixels per degree at the design viewing distance, the
fill factor shall exceed 0,3.

NOTE When displays are used in marginal illumination environments (uncontrollable glare or loss of contrast), user
performance continues to improve for fill factors of up to 0,5.
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7.10 Character format

Table 11 — Character format requirement for Latin, Cyrillic and Greek origin alphabetic
characters and Arabic numerals.

Character matrix (width to height)

Minimum used for numeric and Minimum for reading for Remark
upper-case-only presentations context or if legibility is
important
5x7 7x9 See below for re_strlctlons
and exceptions

The charcter matrix shall be increased upward by at least two pixels if diacritics are used-’If lower case is used,
the character matrix shall be increased downward by at least two pixels, to accommedate the descenders of the
lower-case letters. Mixed-case alphabetics are more legible than upper-case-only alphabetics.

For high¢r density character matrices, the number of pixels used for diacritics.'should follow conventignal designs
for printgd text. A 4 x5 (width to height) character matrix shall be the\minimum used for subscripts and
superscripts, and for numerators and denominators of fractions displayed.in a single character positiof. The 4 x 5

matrix may also be used for alphanumeric information not relatedo the operator's task, such gs copyright
informatipn. (See 1ISO 9241-3:1992, 5.8)

Charactgrs such as W can be wider than H. Characters such as,l,j, | are narrower.

The matiix judgement is made on an unaccented upper-case H.

Table 12 — Character format requirement for Asian characters.

Character matrix (width to ‘height)
Remark
Minimum used font size Preferred font size
15x 16 24 x 24 Fixed sized font

7.11 Between-character)spacing

For character fonts without serifs, the number of between-character pixels shall be a minimum of the $troke width
count or|one pix€l.)If characters have serifs, the between-character spacing shall be a minimum ¢f one pixel
between [the sefifs*of adjacent characters. (ISO 9241-3:1992, 5.10)

7.12 Bdtween-word spacing

The minimum number of pixels between words shall be the number of pixels in the width of an unaccented upper-
case H unless the character font is designed as a representation of designed print fonts or proportional spacing is
used. When simulating a print font, the spacing used in the font design may be used. The number of pixels in the
width of the character N is recommended as between-word spacing for proportionally spaced fonts.

7.13 Between-line spacing

A minimum of one pixel shall be used for spacing between lines of text. This area may not contain parts of
characters or diacritics, but may contain underscores. (ISO 9241-3:1992, 5.12)
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7.14 Display luminance

In ambient {lumination, the luminance shall exceed the minimum value required for visual acuity whencevaluated at
three locatipns on the screen for viewing direction range class, Classyjewing Il according to 7.2 Designviewing
direction. Dppending on the task, Classyiewing Il 0r | should be required.

Figure 17 — Display luminance

The lumingnce of information (either foreground or background) shall satisfy the~following inequality] over all
viewing dirgctions according to 7.2 Design viewing direction.

Lus +[p> 20 cd/m? (18)
where

Lys Is the emitted luminance component in the high state;

Lp s the luminance component reflected from diffuse illumination.
Expanded

LgsHsn) > 20 cd/m? 5= CL-1.CL - 7HL ~1.HY=T.LL - 1.LL-7 (19)

The luminahce requirement is related to contrast [see 7.15 Contrast, equation (22)]. In most cases theg contrast
requirement will mean that a higher luminance, e.g., 35 cd/m? is required. When the luminance is lower than
35 cd/m?2, g¢ontrast modulation will need to be higher than 0,5. Figure 18 is a graphical represertation of
equation (2p).

120

EsHS (cd/m?)

- 98
87 1 >
76

65 2
cy £
PL

43
32 ==
21
10

TR

0 3 6 9 12 15 18 21 24 2% 30
Lesis (cam?)
Key
1 Flat panels with absolute luminance coding, the higher luminance level.
2 All flat panels. This includes panels with no absolute luminance coding.

Figure 18 — Graphical presentation of equation (22)
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NOTE Users often prefer higher display luminance levels (e.g. 100 cd/m?2), particularly in conditions of high ambient
illuminance.

7.15 Contrast (See Figure 19)

In ambieht illumination, the contrast shall exceed the minimum value required for good visual perfornmpance when
evaluatedl at three locations on the screen for viewing direction range class, Classyijewing:/ll’according tq 7.2 Design

viewing direction. Depending on the task, Classyiewing Il or | should be required.

Figure 19 — Contrast

The contfast of information shall satisfy the following inequality, over all-viewing directions according tq 7.2 Design
viewing direction.

Lugd +Lp
LLS +LD

>1 + 10 x (LLg +Lp) *° (20)

where
Lys| is the emitted luminance component in.thé high state;
L s | is the emitted luminance component-in the low state;

Lp is the luminance component'reflected from diffuse illumination.

Expandefd
-0,55
Lgss(n) = Lpsts SXL g
CnmE ) =) > Esf‘g’é';) , n =CL-1..CL-7, HL-1..HL-7, LL-1..LL-7 (21)
LpsHs(n) tABsLS(n) 1+ 5XL S0
Or the equivalent'contrast ratio inequality:
L
CR £ ZESHS1) - 4440 IEng n=CL1.CL7 HL-1.HL-7, LL-1.LL-7 (22)
L s LS(n) o

Figure 20 is a graphical representation of equation (21).
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7.17 Reflections (See Figure 21)
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bls with absolute luminance coding, the higher luminance level.

Figure 20 — Graphical presentation of equation (21)

nance balance

minance of task areas that are frequently viewed in sequence while using the display (d
should be between 0,1 Lga Hs(HL-7).8A410 Lga HS(HL-7), Where Lg, Hs(HL-7) is the area-luminan
nance state used on the display in‘the application in the design viewing direction.

bcument,
ce of the

In ambient

numination, the contrast of text shall, In the presence or reriections, exceed the minimum valu

required

for good visual performance and the contrast of unwanted reflections shall not exceed the threshold for comfort;
when evaluated at three locations on the screen for viewing-direction range class, Classyiewing Ill according to
7.2 Design viewing direction. Depending on the task, viewing-direction range Classyiewing Il or | should be required.

Figure 21 — Reflections

The supplier shall specify Classrefiection from Table 13 under which the flat panel display meets 7.17.1 Contrast in
the presence of reflections and 7.17.2 Contrast of unwanted reflections.

The requirements in this subclause are based on the research done during the development of ISO 9241-7.

34
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Table 13 — Reference luminances for reflection classes, Classrefiection

ClassRefiection

Luminance of the sources of specular
reflection, cd/m?

Environment2

Both LrepexT-1 = 200 and Lrgrsmi- = 2 000

Suitable for general office use

Either LrerexTt.1 = 200 or LRegsmL-n = 2 000

Suitable for most, but not all, office

environments

Either LrerexT-111= 125 or LrgrsmL-ii1 = 200

Requiring a specially controlled

luminous environment

NOTEE 1 In ClasSgefiection | Or Ill, either the 15° aperture or the 1° aperture source is evaluated, but not, poth. In
ClasBRrefiection |» both sources are evaluated.

NOTE 2 The reflection requirements and test methods are the same as in ISO 9241-7 except for the consigleration
of azimuth angles and display state. ISO 9241-7 tests at only one azimuth angle and one state,~which is enqugh for
proper characterization of CRT display performance. This part of ISO 13406 tests at six azimuth angles and two
display states in order to give a proper characterization of the flat panel performance.

a8  For more information on environmental classification, see 1SO 9241-7.

7.17.1 Contrast in the presence of reflections (See Figure 22)

To achieve good enough contrast, the following inequality shall be satisfied over all azimuth angles §
7.2 Design viewing direction:

(Lyg+Lp +Ls)
(LL +LD +LS)

where

>1+10 x (L g+Lp+Lsg

-0,55
)

Lys| is the emitted luminance compopéntin the high state;

L s | isthe emitted luminance component in the low state;

Lp is the luminance compeénent reflected from diffuse illumination;

Ls is the luminance component reflected from specular illumination.

Reflexionen Reflexionen Reflexionen
Reflexionen Reflexionen Reflexionen
Reflexionen Reflexionen Reflexionen
Reflexionen

Reflexion: 1 Reflexionen

Reflexion: ' n Reflexionen
Henexionen Hetiexionen
Reflexionen Re nen Reflexionen
Reflexionen Reflexionen Reflexionen
Reflexionen Reflexionen Reflexionen
Reflexionen Reflexionen Reflexionen

o == B

ccording to

(23)

The objective is to maintain legibility in the presence of reflections. Contrast is used as a metric of legibility. The
reflection class creates a relation between flat panel performance requirements and the lighting requirements of the

work environment, defined in ISO 9241-6.

© ISO 2001 — All rights reserved
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details differ (the reflectance component Lg and the measurement geometry).

7.17.2 Contrast of unwanted reflections

The contrast in this subclause is not precisely the same as the contrast in 7.15 Contrast because measurement

The contrast of unwanted reflected images shall satisfy one or both of the following inequalities, as defined by the
flat panel manufacturer (see 7.18 Image polarity), over all azimuth angles according to 7.2 Design viewing

direction.

For positive

polarity screens or applications

LHS +
Lys

For negativ

LLS +
Lis

where
Lus
Lis
Lp
Ls

NOTE T
example, the
independent
polarity scre
the right-han

LD +LS

b polarity screens or applications

LD +LS

s the emitted luminance component in the high state;

s the emitted luminance component in the low state;

s the luminance component reflected from diffuse illumihation;

s the luminance component reflected from speeufar illumination.

he concept is not complex. The left-hand side_of each inequality is the contrast ratio of the specular

<125
+LD

1 Lpys+L
1 wIHS T D

<12+
15 LLS +LD

+LD

face in Figure 23) against the background:For positive polarity, the acceptability of an unwanted reflecte
of the contrast of the wanted information.(hence the right-hand side is simply a number). In the case of

en, the contrast of the wanted negative image competes with the unwanted image (hence the luminang
d side).

(24)

(25)

mage (for
d image is
A negative
e ratio on
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Key

1 Backg
2  Unwa

The disp
image th
compete

NOTE
from the ¢

round
hted image (Specular reflection)

ay shows a text with two lines. The face of the user is unintentionally reflected in the display,
bt competes with the text. The objective is to keep the contrast of the reflected image low en
with the information on the display.

There are concerns for both large luminance sources, like the cheek, and’small ones, like reflected ed
yeglasses.

Figure 23 — Example of unwanted image from specular reflection

7.18 Image polarity

Either im
darker b
requirem
image pg

NOTE

— with
obtai

— with

age polarity, dark characters on a brighter bagkground (positive image polarity), or bright cha
ackground (negative image polarity) is acceptable, per se, provided the flat panel VDU

larities, it shall meet the requirements(of this part of ISO 13406 in each image polarity.
There are advantages for each image polarity. For example,

bositive polarity, specular refléctions are less perceptible, edges appear sharper, and luminance balanc|
h. Positive polarity is preferredifor ordinary office tasks;

hegative polarity, flickerlis less perceptible, legibility is superior for individuals with anomalously low visu

chargcters can sometimes)be perceived as larger than they are.

7.19 Luminance uniformity (See Figure 24 and Table 14)

creating an
ough not to

ges, such as

acters on a
meets the

ents of this part of ISO 13406. Users varyin their preferences for image polarity. If a display provides both

B is easier to

al acuity, and

e

N

\")

For an intended uniform luminance, the luminance non-uniformity shall in ambient illumination, not exceed the
threshold for reduced visual performance when evaluated at three locations on the screen for viewing-direction
range class, Classyjewing IV according to 7.2 Design viewing direction. Depending on the task, Classyiewing IIl, Il or |

should be required.

Figure 24 — Luminance uniformity
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Table 14 — Luminance uniformity

Test object separation Requirement
at the design viewing distance, perpendicular to the screen Maximum luminance ratio
7° < angular separation 1,7
5° < angular separation < 7° 1,6
4° < angular separation < 5° 1,5
27 < angular separation < 4° 1,4
1,1° < angular separation < 2° 1,3
D%pl)er ding on the angular separation of the targets, the non-uniformity ratio should not exceed-the“value in [this
table.

NOTE T
but only thre

additional requirements on the selection of the three locations to cover the whole screen.

There shou
block is dis
luminances
location 11

problems can sometimes be seen. There are many variations of this‘problem. This is simply one example.

he test procedure defined in 8.7.19 Luminance uniformity intentionally does not measure all locations of !
b locations. The test procedure still covers the whole screen because 8.4.2.4 Additional locations provide

d be no unintended luminance variation with image content. In the example shown in Figure 24
blayed as shown. The circles represent considered object locations, not an intended image. Id
at locations 91 and 55 are at one level and at 11, 19.and 99 at another level. On somj
will exhibit a higher luminance than 19 or 99. The dark/bright areas can be reversed an

91 99

he screen,
5 sufficient

b, a white
eally, the
b panels,
d similar

igure 25 — Example of a pattern that can exhibit image-dependent luminance variation

imsometechnotogies

7.20 Pixel faults

Flat panel displays should be in fault class, Classpiye| | (refer to 3.4.13 pixels faults). If not, the supplier shall specify
Classpiye Of the display.

7.21 Image formation time

To avoid contrast loss during rapid image changes, flat panel display systems should provide a formation time of
less than 55 ms, refer to 3.4.4 (image formation time). If not, the supplier shall specify the image-formation-time
range of the display.
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Certain LCDs exhibit long image formation times. The image may be electrically refreshed every 16 ms or less, but
the formation of the optical effect (luminance, colour or reflectivity) can take more than 200 ms to form fully. These displays offer
many desirable features, but contrast loss in applications that require motion effects including blinking or rapid cursor
movements, so these must be specially managed. If not so managed, an application may be unusable.

7.22 Absolute luminance coding

This requirement applies only to applications employing absolute luminance coding only, as defined in
3.4.5 (absolute luminance coding).

In ambient illumination the contrast between different levels of luminance coding shall exceed the threshold for

good vis
direction

The high
exceed 1

7.23 Bl

Where b
50 %, is
duty cyc
3:1992, §

If blink ¢
(image fd

ual performance for viewing-direction range class, Classyiewing IV according to 7.2 Des
(See Figure 26). Depending on task Classyjewing Ill, I or | should be required.
\")

Figure 26 — Absolute luminance coding

er-to-lower ratio between area luminances, including reflected ambient light, of adjacent
5.

nk coding

ink coding is used solely to attract attention, a single blink frequency of 1 Hz to 5 Hz, with a
recommended. Where readability is\required during blinking, a single blink rate of 1/3 Hz to

e of 70 %, is recommended. It sheuld be possible to switch off the blinking of the cursor.
22).

rmation time).

7.24 Temporal instability (flicker)

The imag

For a de

e shall be free of flicker to at least 90 % of the user population. (ISO 9241-3:1992, 5.23).

isiontmethod that is useful for flat panels see annex B.

gn viewing

levels shall

uty cycle of
Hz, with a
(ISO 9241-

bding is used, flat panel displays shall provide an image formation time of less than 55 ms, refer to 3.4.4

NOTE

The method of annex B will be informative only until further research is published.

7.25 Default colour set

When an application requires the user to discriminate or identify colours, it shall offer a default set of colours that
meets the requirements of this part of ISO 13406. If colours can be altered by the user, the default set of colours
shall be retrievable or restorable.

7.26 Multicolour object size

For characters and other small objects where legibility is the primary concern, see 7.15 Contrast.
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For isolated images where accurate colour identification is required, the image size should subtend 30’, preferably
45,

The use of extreme blue (v' < 0,2) should be avoided for images subtending less than 2° (see 7.28 Spectrally
extreme colours).

7.27 Colour differences

Colour pairs in the default set shall have values of AEuv>20 Application that require accurate colour
discrimination shall calculate AE*uv for each colour pair in the set that is to be discriminated. Each colour pair
should diff¢dr in_ dominant wavelength t0 minimize 0SS of discriminability due 1o the Nghiness of an aghromatic
surround. This is easily measured by the difference in hue angle, A, between all pairs. (See annex A for a
discussion ¢f limitations.)

In applicatipns where performance is critical, it might be useful to evaluate the actual workplace and relate the
colour diffefence to the colour uniformity. For instance, by requiring that the colour difference,shall exceed 20 and
exceed the [colour non-uniformity (7.5 Chromaticity uniformity difference).

NOTE This requirement is only evaluated for viewing direction range class IV. Depending_on the task, it might b¢ useful to
extend the apalysis of the colour difference to class IlI, 1l or I.

7.28 Spedgtrally extreme colours

Table 15 prpvides recommendations concerning the use of extreme blue'(v' < 0,2) and extreme red (1’ > 0/4).

Table 15 — Spectrally extreme colours

Image background Recommendation Issue or reference
Positive polarity, Preferred for most tasks. ISO 9241-8
achromatic
Positive polarity, Avoid blue (v’ < 0;2)'0n red. Depth of field of the eye.
chronpatic
See note 1. below. False, unwanted stereopsis.
Use bldck or dark gray foreground. Colour identification.
Negative polarity, Avoid-blue (v’ < 0,2). Bad legibility. For text
achromatic presentation: difficult to meet
7.15 Contrast.
Avoid red (u” > 0,4). About 8 % of users have reduged
red-green discrimination.
Negative polarity, Avoid red (1’ > 0,4) on blue (v' < 0,2). Depth of field of the eye.
chronratic
See note 1 below. False, unwanted stereopsis.

NOTE1 Red (u’ > 0,4) and blue (v < 0,2) is the worst combination but any pair of colours can in principle evoke false
stereopsis.

NOTE 2 These issues are discussed in ISO 9241-8: 1997 in 6.7 Spectrally extreme colours, 6.7.1 Negative polarity, 6.7.2
Positive polarity, 6.7.3 Depth effects, and 6.8 Background and surrounding image effects. The ergonomic issues are the same
for flat panels but the trade-offs are not. Therefore, only recommendations are included for flat panels. On flat panels, saturated
red, green and blue and also the pair-wise combinations yellow, cyan and magenta exhibit the minimum anisotropy. This effect
can be more important than the issues cited in Table 7. Of course, blue on black is not permitted unless the contrast provisions
in 7.15 Contrast are satisfied.
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7.29 Nu

7.29.1 Si
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mber of colours

multaneous colour presentation

When 7.25 Default colour set applies, the number of colours simultaneously presented on a display should be
based on the performance requirements of the task. Especially on anisotropic flat panels, the number of colours
presented simultaneously should be reduced. Similarly to ISO 9241-8, a maximum of 11 colours is recommended.
In the presence of optical anisotropy and possibly greater compromises in colour uniformity, this number should be

reduced.

7.29.2 Vjsuatsearchforcolourimages

When a fapid visual search based on colour discrimination is required, no more than six colours, shoy
For anisqtropic displays, six can be too many. (6.9.2 Visual search for colour images of ISO 9241:8:199
7.29.3 Colour interpretation from memory

If the mdaning of each colour of a set of colours is to be recalled from memory, no more than six col
be used.|Software applications that require the meaning of each colour of a set of more than six cq
recalled shall make the associated meaning of each colour accessible. (6.9.3\Colour interpretation frg
ISO 9241-8:1997)

8 Measurements

8.1 Infroduction

These methods are provided to assist test laboratories (either a supplier’s facility or a testing institute

whether g specific flat panel display conforms to this part'of ISO 13406 insofar as such a decision can b
laboratory setting. Two requirements, 7.4 Gaze_and head-tilt angles and 7.16 Luminance balance
evaluated fully without measurement at the workplace. Many of the requirements are related to softwj
panel adjustments. This part of ISO 13406.does not define how to select flat-panel adjustment pa
software [to make a test representative of(an’ intended actual use. That judgement has to be made
laboratory and described in the test repaort.
8.1.1 Measurement structure
The meapurement requirements are structured into
— 8.1 Introduction

— A brief overview is presented.
— 8.2 $uppliér requirements

Id be used.
/)

burs should
lours to be
m memory,

in deciding
e made in a
cannot be
are and flat
rameters or
by the test

8.4t

The supplier data that enter the evaluation decisions.

8.3 Test laboratory requirements

Facility, measurement tool requirements, and some calibration methods.
0 8.6 Common test elements
Definition of the geometries for the measurements.

Combined measurement procedures used in more than one requirement evaluation.
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8.7 Requirement evaluations

— Ev

aluation of requirements in clause 7 Design requirements and recommendations.

8.1.2 Measurement process

The general measurement process consists of the following steps:

a)
b)
c)
d)
e)
f)

¢)]

8.2 Supplier requirements

8.21
The suppli
processing

and recepti
the screen.

8.2.2 Equipment documentation

The equipment provided.-shall be documented. The following typify the required data. The principle is

Prepare the equipment-under-test.

Condu Jt O;tU LQUITCUIT I;I IH tu OU:UUt thU thIUU f;l IG: mUaOuIUIIIUI It O;tUO
Measufe the necessary parameters in a dark room.

Estimaje the luminance coefficients, q.

Based
Correc
Calcula
Condu
Compg

Report

Equipment for testing

pn the uniformity of the available illumination apparatus, calculate the tolerange,/Tol.

each measurement to standardized illumination conditions.

te the needed dependent parameters from the corrected measuremeénts.

Lt any needed design analysis.

re the results of steps g) and h) with the requirements in ADPesign requirements and recommel|

results.

pr provides the equipment incorporating a flat panel display, including sufficient local of
equipment, hardware, software, firmware, data storage devices, controllers and/or data trar]
bn equipment to present at I€ast one representative application of the product and the photor]

are just sufficient to identify the subject of the test and patterns measured uniquely.
bf the supplier, address, etc.

ipment list (display and other necessary equipment used to show compliance). The identificatig

idations.

I remote
smission
netrics of

that the

n should

type TTormbers and Tetevant ranufacturing data suchas - the version (i appropriate); Tmanufact

ring site

(if appropriate), manufacturing date(s). The data should be sufficient to archive a unique identification of the
equipment tested.

Identification of relevant BIOS, OS, etc. levels, if such details can be expected to affect the test outcome.

Identification of the software, including the version, supplier(s), etc. The data should be sufficient to archive a

identification of the software tested.

Identification of the test-pattern software required to present visual test objects. The data should be sufficient

ive a unique identification of the test-pattern software used.

When applicable, drawings for determining fill factor [see 3.4.1 (fill factor) and 8.7.9 (Fill factor)].

documents
a) Name
b) Anequ
includ
c)
d)
unique
e)
to arch
f)
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g) Character font(s) for requirement analyses.

h) Default colour set and corresponding system commands [See 7.25 Default colour set.]

i)  Settings can include brightness, contrast, reference white and other technology specific settings. A single set
of relevant settings is used throughout testing. The settings are required to represent actual settings expected

in pr
823 S

The follo

oduct use.

upplier declared data

ling data shall he declared in the user’'s manual (nr nqlli\/nlnnf) and.in detail prnrhlr\f er_\nr‘ifil‘:\ﬁ

a) Des
b) Des
c) Des

d) For
8.3.1

e) Incli
7.5
7.14
7.15
7.17
7.19
7.22
(Seq

f) View
7.5
7.14

7.15

gn viewing distance, Dyesign view (S€€ 7.7 Design viewing distance).

gn inclination angle, 6p (See 7.2 Design viewing direction and 8.4.1 Test directions).

reflective flat panels only, the angle between the EUT and the- diffuse light source,
.4 | uminance sources).

nation angle range, 6Grange for requirements:
Chromaticity uniformity difference
Display luminance
Contrast
Reflections
Luminance uniformity
Absolute luminance coding
7.2 Design viewing direction’and 8.4.1 Test directions)
ing direction range class, Classyjewing, I-IV for requirements:
Chromaticity, uniformity difference
Display luminance

Confrast

gn azimuth angle, ¢p = 90° or 270° (See 7.2 Design viewing direction and 8.4 Test directions).

7.17

7.19

7.22

Reflections
Luminance uniformity

Absolute luminance coding

(See 7.2 Design viewing direction and 8.4.1 Test directions)

g) Scre

h) Desi

en tilt angle, a (see 7.3 Design screen illuminance).

gn screen illuminance (see 7.3 Design screen illuminance):
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1) illumination level, E;

2) colour: either specify an illuminant standardized by the CIE, or alternatively specify the colour coordinates,

X gs.Es ¥ Es,Es @nd the spectral distribution of the illuminance, Sgg zg(4).

i) Reflection class, Classrefiection I, Il or lll (see 7.17 Reflections).

j)  Image polarity, positive and/or negative (see 7.18 Image polarity).

k) If the judgement of equation (110) should not be used:

— Rdference white, Y, u, v, [see 3.2.1 (CIE 1976 L*u*v* colour space; CIELUV colour space)]:

[) If the d|splay does not conform with pixel fault class I:

— pixel fault class, Classpixgl I, 11, Il or IV (see 7.20 Pixel faults).

m) If the image formation time is longer than 55 ms:

— Impage formation time, ¢ (see 7.21 Image formation time).

Reference white is usually one of the values in Table 16. See CIE 15.271986, sections 1.1 and 4.1 fon relevant

equations t¢ calculate coordinates for other colour temperatures.

Table 16 — Typical referenceowhite points

4

’

Colour Temperature u’, Vi
5 600K 0,204 0,479
6 500K 0,198 0,468
9 300K 0,189 0,446

NOTE Al
example, se

single set of settings or a multiple set of settings and the corresponding conditions of use may be specified. For

eral design screen illuminance levels could have corresponding brightness settings.
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8.3 Test laboratory requirements

8.3.1 Test facility

Room co

nditions shall be consistent with Table 17.

Table 17 — Room conditions

Condition Requirement Remark

Dark-ropm-sereen-ifiurminanee 2 Atthe-sereen-centre

Room t¢mperature 23°C+4°C Near the panel

Relativg humidity 10 % to 85 % No condensation

Air prespure 70 kPa to 110 kPa Test at < 3 000 m altitude
If parts of the equipment under test affect the screen illuminance (e.g. light being.reflected from the kgyboard of a
portable fomputer) then those parts should be adequately covered by, for example, a black cloth.
8.3.2 Equipment under test
The flat| panel display unit being tested shall be physically prepared for testing. When indicated by the
manufaciurer, it shall be warmed up for the specified time (notde)exceed 1 h). Testing shall be condycted under
normal user conditions for power supply. The bias settings (if>any) of the display shall be set to thoge expected
under typical use. Any reflection treatment or filter that is in place for the test specified in 8.7.17 Reflectipns shall be
in place for every test.
One adjystment setting shall be used for each complete test sequence. If multiple settings are prpvided, this
implies multiple complete test sequences.
8.3.3 Tpst equipment
8.3.3.1 | Test fixtures
The test [fixtures shall be capable -of accurately setting the meters to £ 3° in azimuth angle and £ 3° ip inclination
angle.
NOTE For good repeatability, a laboratory might want a higher accuracy.
8.3.3.2 | Reflectance standards
Reflectancesstandards consistent with Table 18 shall be available.

Table 18 — Reflectance standards
Standard Recommended range Units
pstD > 0,90 1
Diffuse reflectance standard?
gstp > 0,29 sr-1

Specular reflectance standard (Black glass) Ps1p from 0,03 to 0,06 1

Azimuth alignment check standard

@  For an ideal diffuse standard, see 3.1.5 and 3.1.6.
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The azimuth alignment check standard is a surface with a specular reflectance factor that is constant for any
azimuth angle, e.g. a piece of glass or a specular standard. No external calibration is required.

8.3.3.3

Meters

When applicable, meters or an equivalent photometric system shall be available, consistent with Table 19. See
Figure 27 for the terms used.

o O WN -

46

Photome
Photo-sé
FOV = H

Acceptance cone. Angle formed by the entrance pupil of the instrument and the working distance

Working
EUT = E

ter
nsitive element
eld of view = Angular extent of the considered object formed in the\final image of the instrument

distance. Distance between the front lens of the meter and the considered object over which the meter cgn focus
quipment under test

Figure 27 — Terms used in meter requirements
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Table 19 — Required photometers and typical characteristics

Meter Field of view Remark Where used
Spot photometera2 | 0,5° to 2° Working distance: 8.6 Combined measurement for
100 mm to o luminance, contrast and diffuse
illumination

8.7.14 Display luminance
8.7.16 Luminance balance

8.7.17 Reflections (large source

8.7.19 Luminance uniformity.

8.7.22 Absolute luminance-eoding

Spot phptometer 6’ to 20’ Working distance: 8.7.17 Reflections (small source
100 mm to o
CCD pHotometer? | Resolution: See clause 8.7.9.1 for 8.7.9.1 Fill fagtor: Panels that require
< 10 % of the detail requirements microphotometric evaluation
vertical pitch
Fast redponse 20’ < 3 ms response time 8.7.21Image formation
photompter (6" preferred) 8.7.24 Temporal instability (Flicker)
Spectrofadiometer 8.7.3 Design screen illuminance
Colorimgter¢© 0,5°to 2° x, y, Y 8.7.5 Chromaticity uniformity difference
(', V', Y preferred) 8.7.27 Colour differences

Readout|error from all sources of error shall not exceed 10 %

The cappbility of the whole optical system (spot phetometer and small light source) to accurately measune the haze
reflectanfe peak of an EUT without specular reflectanceyin a way that provides repeatability between laboratories| is critical in
measurement 8.7.17 Reflections. An evaluation criterion for the performance of the whole optical system is includgd in 8.7.17.
A spot size of 2,2 mm or smaller, when focusing on the virtual image of the light source reflected in the screen |of the EUT,
shall be sufficient for measurement repeatability:

Meters shall be at least capable of a readaut of three significant figures at a luminance level of 10 cd/mZ.

@  The ppot photometer, at a working distance of 500 mm shall have an acceptance cone of < 1°. The acceptance cone shall
be specified.

b Asli photometer method is\also acceptable.

C A trigtimulus colorimgter might not measure all colours of all flat panel displays accurately (e.g. flat panel displays with a
discontinuous emissionrspectrum). For such displays, only a spectroradiometer based colorimeter will be accurate

8.3.34 Luminance sources

One extended source of approximately uniform luminance shall be available. The aperture of the source shall
subtend at least 15° (30° preferred) from the centre of the screen of the device under test. Integrating spheres with
aperture of at least 150 mm at a EUT-to-light-source distance of 500 mm are suitable. For colorimetric work, the
spectral distribution needs to be characterized. Source luminance levels should be at least 2 000 cd/m2. An
auxiliary port cover with a 1° hole to simulate a small source is also required. Especially for measurements with the
small source, considerably higher luminance, such as 10 000 cd/m?2 to 20 000 cd/m?2 may be needed to achieve
good measurement accuracy and convenience with some types of displays. Thus it may be useful to use two
different sources for the extended source, and the small source.

It is not sufficient to characterize the chromaticity of the source with the CIE parameters, u’, v'. Use either a
standard illuminant (Dgs or F2 preferred) or characterize the source with a spectroradiometer.
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For further information on standard illuminants, see CIE No. 17; illuminant A, CIE 15.2; C, CIE 15.2; Dsg and Dys,
CIE 15.2; F1 to F12 (the fluorescent lamps), CIE 15.2. F7 and Dgs are similar, technically. They are nearly the
same daylight simulators. The “D” series are all daylight, but with correlated colour temperatures 100 times the
subscript. C is a filtered A illuminant and its use has been discouraged since 1964.

Diffuse illuminance can be approximated with a large integrating sphere, a diffusing hemisphere or by using two
luminance sources. The quality of the approximation in the third case shall be characterized with the tolerance, Tol.

For reflective panels, the manufacturer can specify that the flat panel is tested with only one of the two luminance
sources. In this case, the size of the light source shall be 15° and the manufacturer shall specify the angle between
the EUT and the diffuse light source, 6y 4.

One size only was selected to provide metrological repeatability. 15° was selected based on the reséarch done in
the develogment of 1ISO 9241-7. The manufacturer shall specify the angle of incidence because different|products
can have dffferent optimum angle (depending on intended task, environment etc.) and this part@f, ISO 13406 shall
not limit futyre technical development.

Figure 28 shows the two diffuse illumination sources at 45°. LCD technology can someétimes be sensitiye to this
angle. If this type of panel fails a criterion with the 45° arrangement, the tests may be repeated with this pngle set
to 30°. If thip election is made, it shall be noted in the compliance report.

Qng QdLg le

Key

1 Diffuse ilumination source 1

2 Spot phqtometer 0,5° to 2°

3 Diffuse illumination source.2

4  Diffuse reflectance standard

5 Luminance source for specular reflectance test

NOTE The_photometer is in the plane that is orthogonal to the plane containing the centre lines of the diffuse iljuminance
sources. Thg luminance source for the specular reflectance test is in the same plane as the photometer.

Figure 28 — Perspective view of the test system with approximately diffuse illuminance apparatus

8.3.4 Special calibrations

8.3.4.1 Luminance meter

The luminance meter shall be calibrated with traceability to national standards and checked for repeatability over
the required luminance range and checked for sensitivity to polarization of light.
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The uncertainty of traceability to national standards can be up to 5 %. The uncertainty of repeatability over the
required luminance range should be kept below 1 %, but can for some instruments be up to 4 %.

NOTE

8.3.4.2

The light

This calibration can be performed either at the test laboratory or at a calibration laboratory.

Specular light sources

sources shall be calibrated for:

— stability over the duration of the measurements;

— spat

Make a
sources

NOTE
8.3.4.3

If the diff
8.3.4.31

Arrange
constrain

al uniformity over the exit port.

est measurement in the laboratory, and base the uncertainty estimate of the output of thg
bn the measured values.

This calibration can be performed either at the test laboratory or at a calibration laboratory:
Diffuse illumination realized using two luminance sources
Ise illumination is realized using two luminance sources, then some-extra characterization shal

Arrangement

the luminance sources and the spot photometer as.'shown in Figure 29. The spot ph
ed to the plane orthogonal to the plane defined by the centres of the apertures of the two sour

considergd object (a 1° field of view on the surface of the diffuse reflectance standard), as shown in Fig

figure sh
angle. If
to 30°. If

pws the two sources at 45°. Liquid-crystal-display (LCD) technology can sometimes be seng
this type of panel fails a criterion with the 45°.arrangement, the tests may be repeated with th
this choice is made, it shall be noted in the.compliance report.

luminance

be made.

btometer is
ces and the
re 29. This
itive to this
is angle set
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= 45° (30°)

45° (30°)

S|l N

Key
1 Luminance source 1
2 Spot phqtometer 0,5° to 2°
3 Luminance source 2
4 Diffuse reflectance standard
This is the gonfiguration to use when measuring the tolerance, Tol.
Figure 29 — Side view of.approximately diffuse illuminance apparatus
8.3.4.3.2 |[Measurement of tolerance, Tol (see Table 20)
Measure the luminance at test directions Tol-1, Tol-2, Tol-3 and Tol-4 (see Table 32 on page 55).
Table 20 — Measurement of tolerance
n= 1 2 3 4 lllumination Object Focus
LpIfF,dSTD(Tol-n) DIFF dSTD dSTD
8.3.4.3.3 Calculation of tolerance, Tol
Calculate the tolerance, Tol:
Tol = 2 x (Lmax - Lmin)

Lmax +Lmin

(26)

where Lyax, and Ly, are the maximum and minimum luminances from the four measurements (Table 20), in
candelas per square metre.
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8.3.4.4 Diffuse reflectance standard

The diffuse reflectance standard shall be calibrated with the same geometry as used in the display evaluation
measurements. For estimating the diffuse component in the specular measurement, calibration is needed for 15°/0°
geometry.

8.3.4.4.1 When diffuse illumination is realized with a large integrating sphere or a hemisphere

No method of calibration is included in this part of ISO 13406. The method in 8.3.4.4.2 such that the average value
of ¢s-SML,dSTD(dSTD-1S15), 4S-SML,dSTD(dSTD-#S30) @Nd ¢S_-SML,dSTD(dSTD-1S45) IS used as an estimate of gpjrr and the

t d d aation ~Af th o ol 1o end on et A o S st b Sl o o
Standardareewvatof-orthe-vardesisHseaas oot arta o ar arrerarnity ulluly\Jl\J tOf YOIFF-

8.3.4.4.2| When diffuse illumination is realized using two extended sources
Measure|the ligth reflected in the diffuse reflectance standard. (See Table 21).
The meagurement at 30° is needed only if the 30° geometry will be used in the measurements of the flaf panel.

For a gopd measurement system and diffuse reflectance standard Ys_smL dsTD(s) ¥emains constant for all values of
n and thys needs to be measured for one azimuth angle only e.g. dSTD-0S15, dSTD-0S30, and dSTD-(S45.

Table 21 — Measurement of the diffuse reflectance)standard (tristimulus)

= 0 1 2 3 4 5 6 7 tumt | objee{ | Focus®

Y5 sML,dsTD(dSTD-#S15) S-SML dSTD dsSTD

Y5 sML,dsTD(dSTD-#S30) S-SML dSTD dsSTD

Y5 sML,dsTD(dSTD-#S45) S-SML dSTD dSTD

Xs-SML,dSfD(dSTD-nS45) not not not not not not not S-SML dSTD dSTD
needed | needed | needed.|\nheeded needed | needed | needed

Z3_SML,dSfD(dSTD-1S45) not not not not not not not S-SML dSTD dSTD
needed | needed | neéded | needed needed | needed | needed

@  Focug is at the diffuse reflectance stdndard.

Measure|the spectral distribution of the light reflected in the diffuse reflectance standard. See Table 22.

Table 22 — Measurement of the diffuse reflectance standard (spectral)

YS-SML,dSTD(dSTD-4SSO)(/I) for A= lllumination Object Focus?

406 446 66 S-St ¢S+B dSTD

2@ Focus is at the diffuse reflectance standard.
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Measure the luminance of the light sources. See Table 23.

Table 23 — Measurement of the light source (tristimulus)

Ly lllumination Object Focus?
Xs-SML,S-SML(Lg) S-SML S-SML S-SML
Ys-sML,S-SML(Lg) S-SML S-SML S-SML
Z3-SML,S-SML(Lg) S-SML S-SML S-SML

NOTE

8  Focus

s at the exit port of the light source.

Measure th

b spectral distribution of the light reflected in the diffuse reflectance standard. See Table 24.

Table 24 — Measurement of the light source (spectral)

Ys-SML,S-SML(Lg) (4) for 2 = lllumination Object Fdcus?
400 410 700 SESML S-SML S{SML
a8  Focus ig|at the diffuse reflectance standard.
From VESA Flat Panel Display Measurements Standard (1998), chapters A206, A210 and A214:
2, .2
Ys.SML,dSTD(dSTD-ns 151X ('~ +27)
98-SMU|.dSTD(dSTD-1S15) = 2 , n=0...7
TXr® XYs.sML,s-SML{Zg) X COS4sTD
2, .2
Ys.SML,dSTD(dSTD-ns30) X ('~ +27)
95-SMIJ,dSTD(dSTD-#S30) = 2 , n=0..7
X7~ X Yg:8ML,S-SML(Lg) X COSO4sTD
2, .2
Ys.sMLIdSTD(dSTD-n545) X (1 “ +2%)
9S-SMI|,dSTD(dSTD-#S45) = 3 , n=0.7
TXF X Y5 sML,S-SML(Lg) X COSOdsTD
Y 2,2
S-SML,dSTD(dSTD-4545) X (r* +27)
9 5-SML|,dSTD(dSTD-4830) (X) = 5
TX7r" X Xg.gML,S-SML(Lg) X COSO4sTD
2, .2
Z3.SML,dSTD(dSTD-4545) X (r“ +27)
9 5-SML|,dSTB(dSTD-4530) (%) = 5
X7 " XZ35 gML,S-SML(Lg) X COSO4sTD
Ys.SML,dSTD(dSTD-4545) X (7 2+22)
9 5-SML,dSTD(dSTD-4545)(4) = > , 4 =400,410,...700
X 7" X Y5 .sML,S-SML(Lg)(4)(%) X COSOysTD
where

r is the radius of the exit port of the light source;

z is the distance between the reflectance standard and the exit port of the light source;

Org is the inclination angle between the light source and the reflectance standard (15°, 30°, 45°).
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Calculate the luminance coefficients. See Table 25.

Table 25 — Luminance coefficients for the diffuse reflectance standard

n= 0 1 2 3 4 5 6 7 :L‘;m'n Object | Focus?
4S-SML,dSTD(dSTD-7S15) S-SML dSTD dSTD
4s-SML,dSTD(dSTD-#S30) S-SML dSTD dSTD
4s-SML,dSTD(dSTD-1S45) S-SML dSTD dSTD
not not not not not not not S-SML dSTD dSTD
qS'SMLvdSrD(dSTD'"S45)(X) needed | needed | needed | needed needed | needed | needed
not not not not not not not S-SML dSTD dSTD
98-SML,dS[D(dSTD-S45) (2) needed | needed | needed | needed needed | needed | needed
@  Focug is at the diffuse reflectance standard.
Table 26 — Calculation of the spectral distribution of the luminance coefficient
4S-SML,dSTD(dSTD-4530) (/1) for A= Ilumination Object Focus?@
400 410 700 S-SML dSTD dSTD

Measure|the spectral distribution of the light reflected in the diffuse reflectance standard.

2 Focu

is at the diffuse reflectance standard.

Estimate

total uncertainty of equation (27):

Aq =+

The uncgrtainty of the luminance coeéfficient can be very big and should always be properly calculated.

the uncertainty of the luminance coefficient, Ag, e.g. using the partial-derivative-based estim

dq
dYs.sML

a—qu+
0z

dq
i A
00

dgq

dq
AYs. + AY, +|—|Ar +
S-SML Py dSTD E

dSTD

ation of the

(30)
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The example given in Table 27 illustrates only a part of the full calibration. All but one geometry is left out of the
example. The tristimulus and spectral calibration is not included in the example.

Table 27 — Example of a calibration of a “diffuse white standard”

Variable Value Uncertainty
YS-SML,dSTD(dSTD-%S30) 0,64 cd/m?2 0,01 cd/m?
Ys-sML,s-SML(Lg) 8 530 cd/m?2 100 cd/m?
r 4-5-mm B3-mm
z 506 mm 7 mm
G4sTD 30° 2°
‘ICSa-ISC;:_c;:CI'iD(dSTD-nS?;O) 0,35 sr" 0,09’sr~"!

NOTE 1
have a

NOTE 2

The accuracy and performance of the luminance meter is the most critical facter in the calibration. It
ery wide dynamic range and good linearity that have been verified through calibration.

The accuracy of the values of » and z are the second most important factors for good accuracy.

must

NOTE T
laboratory, s
laboratory, it

8.3.45 S

The specular reflectance standard shall be calibrated with.the geometry used in the measurements. See T

Measure th

his calibration can be performed either at the test laboratory or at@ ¢alibration laboratory. If performed
becial care must be given to achieving the required geometries\with high accuracy. If performed at a
must be ensured that the calibration is performed using this specific lighting arrangement and geometry.

pecular reflectance standard

b luminance reflected in the specular reflectance standard.

Table 28 — Calibration of the specular reflectance standard

At the test
calibration

able 28.

n= CL-0S | CcL-1s|;cL-2s | cL-3s | cL4s | cL-5s | cL-6S ::'a‘:‘;'n Object ||Focus?
YS-EXT,sSTP() S-EXT |sSTD S-EXT
Ys-sML,sSTP(n) S-SML [sSTD |[S-SML
For a good measurement’system and specular reflectance standard, Ys.gxT,sSTD(#) remains constant for all valueg of » and
thus needs o be measured for one azimuth angle only, e.g. CL-0S.
If the spechlar<reflectance standard has no haze component then Ys gxT sSTD(1) = YS-SML,sSTD(r) @nd the nymber of
measurements’¢an be reduced by half.
@  Focus is at the exit port of the light source.
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the luminance Lg of the light sources. See Table 29.

Table 29 — Measurement of the light sources

Ly lllumination Object Focus?
YS.EXT,S-EXT(Lg) S-EXT S-EXT S-EXT
Ys.sML,s-SML(Lg) S-SML S-SML S-SML

NOTE 1 Greatest accuracy is achieved when selecting the measurement
distance (luminance meter to light source) to be the same as the fotal

distance in the specular measurements of the flat panel (luminance meter to
flat panel + flat panel to light source).

a8  Focus is at the exit port of the light source.

Ys EXT,sSTD(CL-1S)

BsEXT,sSTD(CL-1S) = v , n=0..6
S-EXT,S-EXT(Lg) (31)
YS_SML,sSTD(CL-#S)
Bs$MLsSTD(CL-1S) = v , n=0...6
S-SML,S-SML(Lg)
Calculatg the luminance factors. See Table 30.
Table 30 — Calculation of the luminance factor of\the specular reflectance standard
- lHllumi- .
n= CL-0S | CL-1S | CL-2S | CL-3S [+CL-4S | CL-5S | CL-6S nation Object
Bs-EXT sBTD(n) S-EXT sSTD
Bs-SML,§STD(n) S-SML sSTD
NOTE 1 | A specular reflectance standard\will not be needed at all, if the luminance of the specular light sodirces can be
measured directly.
NOTE 2 | This calibration can be(performed either at the test laboratory or at a calibration laboratory. A calibratipn at the test
laboratoryl might give a slightly Better result as the calibration will cover all aspects of measurement optics and alignment of the

test system.

8.3.4.6

The abili
luminang

Alignment,system

ty of thealignment system to keep good enough alignment between the light source, flat
e meter is critical. This calibration provides a test of the alignment system. See Table 31.

panel and

This calibration must be performed with the actual test system.

© ISO 2001 — All rights reserved
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Table 31 — Calibration of the specular reflectance standard

"= cL-0S | cL-1s | cL-2s | cL-3s | cL-s | cL-5s | cL-6S L"a‘;:g'n Object | Focus?
YS-SML,aSTD(n) S-SML | sSTD | S-SML

Measure the luminance reflected in the alignment-check standard.

If the alignment is good there should be no variation between the measured values.

NOTE  The same procedure can be used to check the ability of the luminance meter to measure polarized light. Instead of
the alignment check standard, use a calibrated polarizer. Verify that the variation of the measured values correlate with the
calibrated characteristics of the polarizer.
@  Focuslis at the exit port of the light source.
8.4 Test|geometry
8.4.1 Test directions (See Table 32)
Table 32 — Definition of test directions
Inclination angles Azimuth angle
Test direction EUT to EUT to EUT to EUT
subscript luminance specular | diffuse light Comment
name meter light source sources
Om = GsLg = Ogrg =2 PEUT =
LL-0 0° no light —45°, +45° not relevant
HL-D 0° no light —45°, +45° not relevant
LL-Y 6p no light —45°, + 45° éD
CL-y 6p no light —45° +45° )
HL-f 6p no light —45°, + 45° éD
CL-p 0° no light —45°, +45° not relevant
CL-1P V2 Grange no light —45°, + 45° ¢p + 24¢
CL-2b 052 Orange no light —45°, + 45° ép + dc
cL-3p V2 Grange — 0D no light — 45°, + 45° ép - 180°
CL-4b Op + V2 Grange no light —45°, + 45° 9
CL-5+ Oo+Yobangs Ro-Hght 45°—+45° —0C
CL-6b Y2 Grange no light —45°, +45° ¢p — 24c
Ly 0° 180° no light 0°
CL-0S 15° 15° —45°, +45° 0°
CL-1S 15° 15° —45°, +45° ép + 2¢c
CL-2S 15° 15° —45°, +45° ¢p * dc
CL-3S 15° 15° —45°, +45° ¢p — 180°
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Inclination angles Azimuth angle
Test direction EUT to EUT to EUT to EUT
subscript luminance specular diffuse light Comment
name meter light source sources
Om = OsLg = OLg =2 PEUT =
CL-4S 15° 15° — 45°, +45° .
CL-5S 15° 15° —45°, +45° én — ¢
cl-6s 15° 15° —45°, +45° #p— 200
dSTI-0S15 0° —-15° no light 0°
dSTD-1815 0° ~15° no light ¢ + 2dc
dSTD-2515 0° —15° no light dp + d¢
dSTIP-3S15 0° —-15° no light ¢p-—~180°
dSTP-4S15 0° - 15° no light 90
dSTP-5815 0° —15° no light dp — de
dSTD-6S15 0° ~15° no light 40 — 2d¢
dSTIP-0S30 0° -30° no-ight 0°
dSTIP-1S30 0° -30° no light ép + 2dc
dSTD-2S30 0° - 30° no light b + de
dSTIP-3S30 0° - 30¢° no light ¢p — 180°
dSTIP-4S30 0° =30° no light D
dSTID-5S30 0° - 30° no light 9D — b
dSTIP-6S30 0° -30° no light oD — 2¢¢c
dSTIP-0S45 0° —45° no light 0°
dSTIP-1S45 0° —45° no light ¢p *+ 2¢¢c
dSTIP-2S45 0° —45° no light ép + dc
dSTD-3545 0° —45° no light ép — 180°
dSTP-4845 0° —45° no light .
dSTB-5545 92 —45 mortght T
dSTD-6S45 0° —45° no light 4o — 2d¢
Tol-1b 0b — ¥ brange no light —45°, + 45° 0°
Tol-2 &b no light —45° +45° 0°
Tol-3 15° no light —45°, +45° 0°
Tol-4 b Op + V2brange no light —45°, +45° 0°
PL-11 0° no light no light not relevant

© ISO 2001 — All rights reserved
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Table 32 (continued)

6p in orde
angle 6= (

6p, ¢p ar
Constraint

NOTE
coordinate]

[ to match the intended use of the flat panel. Test directions CL-4, CL-5 and CL-6 are calculated with in
°in order to always ensure good visual performance also wijth a viewing direction perpendicular to the sc

d Orange are declared by the supplier. ¢¢ is calculated~in 8.4.1.1 Calculation of the critical azimut
5 on these variables are calculated in 8.7.2 Design viewing direction.

bim and Oss7p are in the same plane, 04s7p in_the second plane and ¢gyt in the third plane of an orf
system.

Inclination angles Azimuth angle
Test direction EUT to EUT to EUT to EUT
subscript luminance specular diffuse light Comment
name meter light source sources
Om = OsLg = OgLg =2 PEUT =

PL-22 0° no light no light not relevant

PL-33 0° no light no light not relevant

PL-44 0° no light no light not relevant

PL-55 0° no light no light not relevant

PL-66 0° no light no light not relevant

PL-77 0° no light no light not relevant

PL-88 0° no light no light not relevant

PL-99 0° no light no light not releyant

PL-19 0° no light no light notyrelevant

PL-91 0° no light no light not relevant

Test direcjons CL-1, CL-2 and CL-3 are calculated based on the design azimuth angle ¢p and the design inclinatian angle

Clination
een.

h angle.

hogonal

arrangeme
complianc

b Thes
evaluation
Tol-1 and

a8 LCD tgchnology can sometimes be sensitive te:this angle. If this type of technology fails a criterion with the + 4

nt, the tests may be repeated with this Jangle set to +30°/—30°. If this election is made, it shall be note
e report.

Lipplier may choose to define(one common value for @ange Or up to six different values (a different v
of each of the requirements-specified in 7.5, 7.14, 7.15, 7.17, 7.19 and 7.22). This affects locations

6°/— 45°
d in the

alue for
CL-1...6,

[ol-4.

See also 7.

P Design viewinig direction.
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Calculation of the critical azimuth angle

Figure 30 shows examples of the test azimuths (directions). The data used for the examples in Figure 14,
Figure 30 and Tables 33 and 35 are identical

Key
1 Lands
2 Lands
3 Portrg

NOTE

Five of tH
odd num
more azi
viewing ¢

On a flat
panel is i
then the

The regi
region A
calculate
(inew IH

cape oriented, ¢p = 90°, 6p = 0° and ¢c = 63,4° (Table 33)
cape oriented, ¢p = 270°, 6p = 0° and ¢c = 63,4° (Table 34)
it oriented, ¢p = 270°, 6p = 10° and ¢c = 71,6° (Table 35)

The three examples are not shown in scale.

Figure 30 — Examples of-test azimuths

e test azimuths are calculated from the design azimuth angle ¢p and the design inclination a
ber, so that the region can have an orientation). The sixth azimuth angle is defined as ¢p -
muth angles (— 0°, — 7°) are defined forlsome measurements; perpendicular to the screen ang
irection. See Figure 30.

panel either the top or the bottem-is intended to be more perpendicular to the user's eyes. If th
htended, then the design azimuth angle, ¢p = 90°, otherwise, 270°. If the design viewing direct
Hesign azimuth angle does not impact on measurements. See Figure 13 on page 27.

bn ACDE, which is €loser to the user, is divided into four equal sectors (shown by the bold
FB is divided into-two sectors (shown by a dotted bold line). A critical angle, ¢c = (360° —
H; LAEB/4 = (2)x £ZCAD)/4 = [2 x arctan (CD/AC))/4 = [2 x arctan (Wyiew /Hview)l/4 =
Liew)- 1he needed azimuths for region ACDE are thus: ¢p ¢p + édc, ¢ — ¢c, ¢D + 2 ¢c, $p — 2

ngle 6p (an
180°. Two
the design

e top of the
on 6p = 0°,

lines). The
/AEB)/4 is
> x arctan

dc.
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360° -2 x arctan(WVier
Do = H view , when 2 x arctan[WVie""j . 360°
4 H view S (32)
b= 360° , when 2 x arctan[WVier < 360°
S H view 5
=
9o =90° =T arctan(%\ when W"—iew 0.727 1
view / H view (33)
0o =TF° ,when view 797
H view
Where
H iew | is the height of the active area, in millimetres,
Wiew | is the width of the active area, in millimetres.
8.4.1.2 Example of test geometry calculations
The data in|Tables 33 to 35 is illustrated in Figure 14 and Figure 30.
Table 33 — Example of a panel that cannot meet all requirements
Manufacturer declared data Calculated data
Variable || Value Unit Pass/Fail| Clause Variable| Value Unit Pass/Fail | Clause
Hiew 235 mm n/a Dgctive 391 mm n/a
Wiew 313 mm n/a 15,4 inch n/a
Dgesignview 600 mm Pass 71 Gangemin 36,1 ° n/a
&b 0 ° Pass 7.2 &angemax 80 ° n/a
Grange 37 ° Pass 7.2 dc 63,4 ° n/a
oD 90 ° n/a Hipitch 0,490 |mm/pixels n/a
Nw 640 pixels n/a Voitch 0,489 | mm/pixels n/a
NH 480 pixels n/a 16 2,8 pixels n/a
57 pixels n/a
22' 3.8 mm n/a
79 pixefs Fait 7.2 (7.10)
20,2 7,0 pixels n/a
22.4' 8,0 pixels n/a
7,5req 0,02 Au'V' n/a
Calculated test directions
CL-n,n= 0 1 2 3 4 5 6 7
17 0,0° 18,5° 18,5° 18,5° 18,5° 18,5° 18,5° 0,0°
¢ n/a 216,9° 153,4° 270,0° 90,0° 26,6° | 323,1° 90,0°
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Table 34 — Example of a panel that can meet all requirements

Manufacturer declared data Calculated data
Variable | Value Unit Pass/Fail | Clause Variable| Value Unit Pass/Fail | Clause
Hiew 235 mm n/a Dctive 391 mm n/a
Wyiew 313 mm n/a 15,4 inch n/a
Dgesignview| 600 mm Pass 7.1 rangemin 36,1 ° n/a
b 0 ° Pass 72 e 20 ° a
Grange 37 ° Pass 7.2 dc 63,4 ° nya
) 270 ° n/a Hopitch 0,392 |mm/pixels n/a
Nw 800 pixels n/a Vpitch 0,391 | mm/pixels nya
NH 600 pixels n/a 16 2,8 pixels ny/a
71 pixels nja
22 3,8 mm n/a
9,8 pixels Pass | 7.2(7.10)
20,2’ 9,0 pixels n/a
224" 10,0 pixels nja
;5 req 0,02 Au'v' nja
Calculated test directions
CL-n,n¥ 0 1 2 3 4 5 6 7
0 0,0° 18,5° 18,5° 18,5° 18,5° 18,5° 18,5° 0,0°
¢ n/a 36,9° 333,4° 90,0° 270,0° 206,6° | 143,1° 270,0°
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Table 35 — Second example of a panel that can meet all requirements

Manufacturer declared data

Calculated data

Variable | Value Unit Pass/Fail | Clause Variable| Value Unit Pass/Fail | Clause
Hyiew 300 mm n/a Dgctive 375 mm n/a
Wyiew 225 mm n/a 14,8 inch n/a
Ddesignview 500 mm Pass 71 Grangemin 41,1 ° n/a
b 10 ° Pass 72 hamgerman 30 ° n/a
Grange 45 ° Pass 7.2 bc 71,6 ° n/a
) 270 ° n/a Hpitch 0,293 | mm/pixels n/a
Nw 768 pixels n/a Vpitch 0,293 | mm/pixels n/a
NH 1024 pixels n/a 16 2,3 pixels n/a
7,9 pixels n/a
22 3,2 mm n/a
10,9 pixels Pass |7]2(7.10)
20,2 10,0 pixels n/a
22 4’ 11,0 pixels n/a
7,5req 0,03 Au'v' n/a
Calculated test directions
CL-n,n= 0 1 2 3 4 5 6 7
0 0,0° 22,5° 32,51 12\5° 32,51 32,5 22,5¢ 10,09
¢ n/a 53,1° 341,6°(\.J90,0° 270,0° 198,41 126,9° 270,0°
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8.4.2 Standard measurement locations

8.4.21 Targets

Normal photometric practice is to use a target that is at least 60 % larger than the luminance meter image to
guarantee that edge effects are eliminated. When possible, 85 % or more is preferred. With noted exceptions, all
measurements shall be made with 1° targets imaged in the luminance meter focused in the centre of the target.
See Figure 31.

> 4.8°

Key
1 1° lunhinance meter image

Figure 31 — Photometric targets

8.4.2.2 | Large flat panel displays

Large flaf panels are displays with a minimum dimeénsion of at least 4,8°.

A panel Uses this section if its minimum dimension is at least 4,8° (subtended angle). The objective is to choose
three fingl measurement sites from eleven.initial sites. The eleven sites are shown in Figure 32. The cg¢ntre-centre
site, 55, |is always selected. The othier'ten sites are screened for their dark room area-luminance| (measured
perpenditular to the screen, &= 0%),-Lgark HS(PL-11...99, 91, 19) OF their selected luminance coefficient, gqirr Hs(1...11)
for reflecive flat panels. The site that has the lowest measured luminance (or luminance coefficient) is called LL,
the highgst is called HL and site-55 is called CL.

Miew

Hview /2

HV ew

Figure 32 — Potential measurement locations
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The initial sites should not overlap. If they must overlap (when the panel is smaller than typical computer-
workstation displays), the initial sites shall not overlap site 55. In the minimum case, only five initial sites will exist.
See Figure 32.

Figure 33 shows an example applied to a 640 by 480 pixel panel with no more than 44 pixels per degree. Each
pixel patch is 53 pixels square. The number pair outside the target patch is the address of the upper left pixel,
inside the lower right pixel. The pixel address numbering is assumed to be 0 0 for the leftmost, uppermost corner
pixel to 639 479 for the rightmost, lowest pixel. Since the panel has even pixel counts, there is no centre-centre
pixel. Site 55 therefore is centred on 319 239.

00 587 0

5252 — 73 ‘53 639 52

125 105146 ]07

198 159 —220 ‘160

272 212293 ‘213

345 265366 ‘266

418 318[—440 1'319

492 371513 (‘373

0427 565 425587 4‘127*

52 479 639 479

Higure 33 — Example of initial measurement sites for a 640 x 480 pixel flat panel display

8.4.2.3 Small flat panel displays

Small flat pgnels shall choose sites as in the larger panel case except that sites 19, and 91 are omitted| It is not
necessary [o overlap test siteszmore than 25 %, so sometimes the complete set of nine is not requfred. The
process always yields the site.that has the lowest measured luminance (or luminance coefficient), LL, thg highest,
HL and site|55, CL.

8.4.24 Additional locations

If there are |ocations on the screen, outside the assessed 11 sites, which in typical ambient-lighting user gonditions
are visibly warse than the LL location or HL location, then the measurements shall be performed in those [locations
in addition tothe tandHtfocations.

The judgement of “visibly worse” shall be made in dark-room conditions and by a trained person.

NOTE 1  The “visibly worse” definition might sound unambiguous but it is not. The ambition is to find the locations that are
visible by an average user in ambient lighting. When the judgement is made in dark-room conditions and by a trained person,
the detection threshold is significantly lower than for the average user. Therefore the risk that an average user would detect a
worst location that the test laboratory did not detect can be neglected.

NOTE 2 Most flat panels that currently meet the conditions of this part of ISO 13406 do not have such “visibly worse”
locations.

NOTE 3 With an automatic test device, the visibly worst location can be found, for example, by scanning the whole screen in
steps of 1° (subtended angle).
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easurement location and direction table

In the measurements that follow, some require a complete table of locations and directions for a set of parameters.
Others are evaluated at a subset of locations and only in the design viewing direction.

The detailed requirement is defined separately for every measurement.

8.5 Combined measurement for character design analysis

For the definitions used in this subclause, consult the definitions in 3.5 Alphanumeric symbols.

Measure
other cor

For example, if the panel had 480 lines of pixels, measure from the first pixel the same point,on th

(479 pixe

In this ex
measure

Characte
additiong
is not a

equivalent.

Record the values given in Table 36

Is away) and divide by 479.

Measurement

H

bitch = Measurement/419

H and the value was divided by 479.

Figure 34 — Exampleo0f measuring pixel pitch

r designs use these measurements and” each specified character font and spacing des

ailable. Then, the pixel arrangement may be observed on the screen, using a jeweller

Table 36 — Measured character design values

the vertical pitch, Vpitch and the horizontal pitch, Hpitch. For accuracy, measure from the leading edge (or
venient point) of one pixel to the same point many pixels away and divide by that number."Se¢ Figure 34.

e last pixel

ample the display has 480 columns of pixel. The distance from the leftmost to the rightmost ¢column was

ign without

| measurement. Sometimes, the font specified is the result of a complex algorithm and a desigh document

s loupe or

Symbol Value Description

=

The number of pixels in the height of g

H,Height unaccented uppercase character H.

>

>

The number of pixels in the width of ar

H Wit unaccented uppercase character H.

The number of pixels in the horizontal

NH,hz_stroke stroke of an unaccented uppercase

character H.

NH ,vt_stroke

The number of pixels in the vertical stroke
of an unaccented uppercase character H.
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The character height (in minutes of arc, ) is

s _ 18060 xVpich X Niteight

(34)

T X Dyjew

~ 3438 x Vpitch X NH,Height

(35)

Dview

The character stroke width is the average of the horizontal and vertical stroke widths (pixel counts).

8.6 Coanined measurement for luminance, contrast and diffuse illumination
The suppligr may chose to define one common value for Gange Or up to six different values (adifferent|value for

evaluation ¢f each of the requirements specified in 7.5, 7.14, 7.15, 7.17, 7.19 and 7.22). If different vallies have
been defingd, then this combined measurement will need to be repeated for every differentvalue of Gange-

8.6.1 Common measurements
The display luminance and contrast shall be verified for Tables 37 and 38 for anisotropic flat panels. For]isotropic

flat panels,|only test direction CL-7 is required. In all cases, use measuremeént targets and photometrig practice
according t¢ 8.4.2.1 Targets. Intermediate results use Y for luminance in the‘material that follows.

Table 37 — Lateral measurements

n= CL-0 LL-0 HL-0 IHumination | Object | Focus
Ydark,HS(n) dark HS HS
Ydark,LS(n) dark LS LS
Measure the emitted luminances in dark-room conditions.
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Table 38 — Goniometric measurements

remain|constant for all azimuth angles and inclination angles (for all values of r). If this assumptiongs invalidateg
pgy, then equations (39) to (44) will not be valid and the 35 goniometric measurements of\the flat panel in this table
need td be repeated also for locations HL-1...7 and LL-1...7 (total of 91 measurements instead’of 35).

technol

For a upiform diffuse illumination (e.g. large integrating sphere) and a system insensitiveto the azimuth angle be
equipment under test and a light meter (e.g. insensitive to polarization of light), all values’in this table remain cpnstant for
all valugs of n and need be measured for one azimuth angle only, e.g. CL-0.

YDIFF,ds
e.g. CL}0.

n= CL1 | CL-2 | CL-3 | CL4 | CL-5 | CL-6 | CL-7 | lllumination | Object | Focus?
Ydark,HS(n) dark HS HS
Ydark,LS(n) dark LS LS
YDIFF,dSTD(n) DIFF dSTD | dSTD
Measure the values needed to characterize the flat panel as a function of
— state (high state low state _switched off)
— vigwing direction (CL-1...7).
To redyice the number of measurements, it has been assumed that Lic|.,) = k1 X LHL) = k2 X Lo L), SUCh that kq and kp

For a good measurement system and diffuse reflectance standard, regardless’of the uniformity of the diffuse illumination,
TD(n) '€Mains constant for all values of n, and thus Yprr 4sTD(s) N€EAS 1O be measured for one azimuth angle only,

for a new

tween the

a8  Fogus is at the surface of the flat panel under test.

8.6.2 Reflectometer values.
8.6.2.1 | Alternative 1 — Any display (see Tables’39 and 40)
Table 39 — Indirect measurement with diffuse light sources, Step 1, measure
n= CL1 |(CL-2 [€L-3 [CL4 |CL-5 [CL-6 | CL-7 [ lllumination | Object ||Focus?
YDIFF, HS(n) DIFF HS HS
YDIFF,LS(n) DIFF LS LS
Measu:le the reflected aon-specular luminance at 15°, with the flat panel switched on, in both LS and HS states.
To redyce the number-of measurements it has been assumed that LcL.,) = k1 X LHL.n) = k2 % L(LL.p),, SUCh that k4 and &,
remain |constant«for,all azimuth angles and inclination angles (for all values of »). If this assumption is invalidateq for a new
technolpgy, then.equations will not be valid and the 14 goniometric measurements of the flat panel in this table need to be
repeatqd alSo for locations HL-1...6 and LL-1...6 (total of 42 measurements instead of 14).
a FOLUD ;D at t: 1< aul_l(auc Uf t: 1< ﬂat FGIIU: UIIL.IICI tUDt.
YDIFF,HS-OFF(CL-n) = YDIFF,HS(CL-n) ~ Ydark HS(CL-n): 71 =1...7 (36)

YDIFF,LS-OFF(CL-n) = YDIFF,LS(CL-n) — Ydark LS(CL-n)> 71 =1...7

© ISO 2001 — All rights reserved

67


https://standardsiso.com/api/?name=7b6bc2cc51728e36281851e52baba104

ISO 13406-2:2001(E)

Table 40 — Indirect measurement with diffuse light sources, Step 2, calculate

n= CL1 | CL-2 | CL-3 | CL4 | CL-5 | CL-6 | CL-7 | lllumination Object
YDIFF,HS-OFF(n) DIFF HS
YDIFF LS-OFF(n) DIFF LS

Finally calculate the estimation of the reflected specular light using equation (36).

8.6.2.2 i — = i fortri i ; i imati nep light)
can be switched off, but the state of the liquid crystals is still HS and LS (e.g. most notebook comppters)
Table 41 — Direct measurement with diffuse light sources (not always possible)
n= CL1 |CL-2 |CL-3 [CL4 |CL-5 |CL-6 | CL-7 | lllumination;|\Object | Focus?2
YDIFF, HS-OFF(n) DIFF HS HS|
YDIFF,LS-OFF(n) DIEF LS LS

To reduce

Measure th reflected non-specular luminance at 15°, with the flat panel switched ,on,_in both LS and HS states, wjth the
built-in illuination of the flat panel switched off.

he number of measurements, it has been assumed that Lici .,y = &¢ X L(HL-n) = k2 X L(LL-n), SUCh that ky
remains cofistant for all azimuth angles and inclination angles (for all valuges.of ). If this assumption is invalidated for a

and &y

new techngogy, then equations will not be valid and the 14 goniometric measurements of the flat panel in this tablg¢ need
to be repealed also for locations HL-1...6 and LL-1...6 (total of 42 measGrements instead of 14).
2@  Focus ik at the surface of the flat panel under test.
8.6.2.3  (Calculate the diffuse reflectometer values
YDIFF,HS-OFF(CL-1)
RpIFF HS-OFF(CL-n) = 9S-SML,dSTD(dSTD-#545) X v , n=1..7 (37)
DIFF,dSTD(CL-n)
YDIFF LS-OFF(CL-n)
RpIFF,|S-OFF(CL-n) = 4S-SML:dSTD(dSTD-nS45) X , n=1..7 (38)

If the tests

4s-SML,dsTO(dSTD-#30) iNequations (37) and (38).

Calculate th

YDIFF,dSTD(CL-n)

e reflectometer values for diffuse reflection. (See Table 42).

are performed with 30° diffuse illumination instead of 45°, then use g¢s.swmL,dSTD(@STD-#30) INStead of

n= 1 2 3 4 5 6 lllumination | Object
RDIFF,HS-OFF(CL-1) Es HS
RDIFF,LS-OFF(CL-n) Es LS

68
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L ps,Hs(CL-n) = Ydark,HS(CL-n) T RDIFF,HS-OFF(CL-n) X Es, n=1...7 (39)
Lgs,Ls(cL-n) = Ydark,LS(CL-n) T RDIFF,LS-OFF(CL-n) X Es, n=1...7 (40)
Y dark,HS(HL-0)
L gs HS(HL-n) = Ydark,HS(CL-n) % Vo e ot RDIFF HS-OFF(CL-n) X Es,n=1...7 (41)
dark,HS(CL-0)
Y gark,LS(HL-0)
L gs L S(HL-n) = Ydark,LS(CL-n) ¥ Yo o ot RDIFF LS-OFF(CL-n) X Es,n=1...7 (42)
florll‘l Q(("I ﬂ)
Ydark,HS(LL-0
L gsJHs(LL-n) = Ydark,HS(CL-n) X Y—() + RpIFF,HS-OFF(CL-n) X Es, n=1...7 (43)
dark,HS(CL-0)
Ygark,LS(LL-0)
L gs|s(LL-n) = Ydark,LS(CL-) X Yoo T RpIFF Ls-OFF(CL-n) X Eg,n=1...7 (44)
dark,LS(CL-0)
Calculatg the final values. See Table 43.
Table 43 — Calculate final values
n= 1 2 3 4 5 6 7 lllumination || Object
Lgs HY(CL-n) Eg HS
LEs,Ls|cL-n) Es LS
Lgs HY(HL-n) Eg HS
LEs,LS[HL-n) Es LS
LEs HS(LL-n) Eg HS
LEs LS|LL-n) Es LS

8.7 Requirement evaluations

The equptions and tables”in this subclause have been written for emissive flat panel displays. When testing

reflectivel flat panel displays, the measurements will be performed under laboratory illumination conditi
calculatign, be converted to design screen illumination conditions. A procedure for providing illum
converting to the-design screen illumination has been provided in 8.7.27 Colour differences.

ination

8.7.1 Dlesign viewing distance

bns and, by

and

Verify that the manufacturer's design viewing distance is greater than 400 mm or consistent with ISO 9241-3:1992,

6.1, as appropriate.
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8.7.2 Design viewing direction

The minimum inclination-angle range is defined in Figure 35.

hax = 80°

Hranger

0 D active
ranger

Lin = 2% arctan(

|

X Ddesign view

(45)

(46)

(47)

(48)

(49)

this part

(50)

(51)

y legible

[,2 2
Dactive] =\ H view + Wview
8.7.21  Verify the design inclination angle
49D > (°
fp < 400_% erange
8.7.2.2 \Verify that the inclination-angle range is appropriate to the task and within the scope of
of ISO 13406
‘9range = ‘9rangemin
‘9range < ‘9rangemax
8.7.2.3 Verify that'the design viewing direction is compatible with the capability to displa)
characters
/22, 1 AN
2% Designview % tan X o
2 60" .
> 9 pixels
Vpitch

70

(52)
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Identify based on the measurement results from the other measurements the inclination-angle
range classes and verify that the required class is met (see Tables 44 and 45)

Table 44 — Inclination-angle ranges for the viewing-direction range classes

Classyiewing Criteria

Comment

Brange > 80°

ensures good enough performance at inclination ang
character distortion is not a problem

At larger viewing angles than 40°, the geometric distortion of
characters becomes the dominant legibility concern. Class |

les where

Orange = 2 X Brangemin

The simplified geometric model slightly overstates the, re
at all other locations except the four corners of the'displa

quirement
y.

arange = arangemin

The simplified geometric model slightly overstates the re

quirement

at all other locations except the four corners\of the displdy.
v 6p Requirements are evaluated only in the"design inclination angle.
NOTE | The supplier may choose to define one common value for Gange Or up to sixdifferent values (a differept value for
evaluatipn of each of the requirements 7.5, 7.14, 7.15, 7.17, 7.19 and 7.22).
Table 45 — Inclination-angle ranges for the viewing-direction range classes
Requirement Required inclination- Comment
angle range class
7.5 Chrpmaticity uniformity
. v
differenge
7.14 Digplay luminance 1l
7.15 Cdntrast i
7.17 Rdflections ]
7.19 Luminance uniformity A%
7.22 Absolute luminance Y, This requirement needs to be evaluated only if
coding absolute luminance coding is used.
8.7.2.5 | Calculate\data for the other measurements
For anisgtropi¢ flat panel displays, calculate the relevant range of test directions in accordance with 7)2 and 8.4.1
to be usgd,in the other measurement clauses.

For isotropic flat panel displays, measurements shall be taken at 8 = 0°, except for the angles needed in 8.7.17
Reflections to characterize the reflection sensitivity of the flat panel display. Refer to 7.17 and 8.7.17 for details.

NOTE

873 D

Azimuth angle, ¢is not relevant to measurement results if = 0°.

esign screen illuminance

Verify that the design screen illuminance is consistent with 7.3 Design screen illuminance. If the evaluation source
is not a CIE standard source, it shall be characterized spectro-radiometrically and the result noted on the

complian

ce report.
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8.7.4 Line-of-sight angle
This recommendation requires simultaneous evaluation of all the work-place components, including the user, for a

decision to be made. The flat panel VDU and its application should be reviewed, but it is unlikely that a generalized
decision can be made.

8.7.5 Chromaticity uniformity difference

Chromaticity uniformity difference is evaluated at the measurement locations under dark-room conditions with a
colorimeter field of view appropriate for focusing as described in 8.4.2 Standard measurement locations.

If a default |colour set has been defined (see 7.25 Default colour set) then the evaluations shall be madg for both
the primary|colours and all colours of the default colour set; if not, then only for the primary colours.

If only design viewing-direction range class 1V is evaluated, then locations CL-1...CL-6 are not needed.

7

According tb 8.7.2 Design viewing direction, locations CL-1 ... CL-6 are not required for isotropic flat panel
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8.7.5.1 Measurements
Perform the measurements in Table 46. The number of required measurements depends on the type of display,

the intended use of the display and the design viewing-direction class. (The colours m = 1...n, where n = the total
number of colours to evaluate, usually 4 to 11).

Table 46 — Chromaticity uniformity difference measurements

Isotropic
displays
Anisotropic
displays,
Classyiewing IV
Anisotropic displays, Classyiewing I, I, Il
n= L7 | LL-7 | HL7 | ot | ez | cL-a | oL | cus | o | MUMi- | lopject
) ) ) ) ) ) ) ) | nation )
U Gark,colour 1(n) dark Colour 1, e.g.
, refefence white
Vv dark,colour 1() dark
© ’
® o U dark,colour 2(n) dark Colour 2,
) =
© , e£.9. red
& C V dark,colour 2(n) dark 9
Q I
—-— q) ,
= 2 U dark,colour-3(n) dark Colour 3,
< 2 , elg. green
c V dark,colour 3(n) dark g9-9
©
> U Yark,colour-4(n) dark Colour 4
3 b
o , €.9. blue
S V dark,colour 4(n) dark 9
% U ark,colour 5(n) dark | Colour 5, e.g.
'qO_J 1st colour of
, tHe default
o v dark
: dark,colour 5(n) cplour set
-
= U dark,colour 6(n) dark | Colour 6, e.g.
o 2ngl colour of
o v dark the default
qC) dark,colour 6(n) cbolour set
o
¥
©
L /
U dark,colour m(x) dark | Colour m, e.g.
lagt colour of
, the default
v dark
dark,colour m(n) colour set

NOTE A default colour set would normally have 11 colours or less.
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8.7.5.2  Calculations (See Table 47)

Calculate Au’v’ between every pair of locations using the equation from 3.2.4 (chromaticity uniformity difference).

Ay = \(wh —uh)? +(vi—vp)? (53)

Table 47 — Chromaticity uniformity difference calculations

Isotropic displays
I
Anisotropic displays, Classyiewing IV
Anisotropic displays, Classewing |, I, Il
Spatial Spatial / goniometric Goniometric
= Sl sl sl ] el xRl 9 sl o el | el o s ol o9l o «f o) x| el R x| 9] ¢ x| 2 < o ¢ @
- - - - - - - - - - - - - - - - - - - - - - - - - ) wl - - - - - - —J - - -
= ] O] Of O O] O] O O] O] O O O] Of O O] Of O O] O O O O] Of O] Q] Q| O] O] Of O O] Of ¢ o] o] ©
bt Y Y TR A e A A e R I S RS R B B B BN B B B Bl B (@72 ad B BT Y B B B B I I I
.| - - - - - - - - - - - - - - - - - - - - - — = | — - — — - - — - —J — - -
Il ) 2| T T | | T| T| 2| <4 2] 2 2 2] of O O] O] O O] O] O, ON©O] Of O] O] Of O] O] O] ¢ o] o] ©
B '
c | 4] dark,
©
S | cqour-1
o 7
(0]
-3 u! !
ke dark,
[2]
°| B cdlour-2
gl 2 »)
s BT
© =
= S | 47 dark,
<[ 5| cdour-3
8
® )
° )
m !
u
_-5 dark,
<
= cdlour-4
S x, ¥)
0
!
2| u dark,
4]
S [ cqour-5
©
™ Y, y)
!
Uy dark,
cojour-m
¥, y)
8.7.5.3 eview of compliance

Review for compliance with Table 8 — Maximum chromaticity difference in 7.5 Chromaticity uniformity difference.
Evaluate the relevant cells only (default colour set defined or not ; anisotropic or isotropic display; Classyiewing:

All the relevant values in Table 47 shall meet the requirements in Table 8.
8.7.6 Character height

Use the values from 8.5 Combined measurement for character design analysis.

Verify that ¥’ meets the requirements in Table 9.
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8.7.7 Stroke width
Use the values from 8.5 Combined measurement for character design analysis.

Verify that

N H,hz_stroke +N H,vt_stroke
2

8 % X NH Height < < 20 % X Ny Height (54)

8.7.8 Character width-to-height ratio

Use the Yalues from 8.5 Combined measurement for character design analysis.

Ny width

Verify that the ratio
NH Height

meets the requirements in Table 10.

8.7.9 Fjll factor

There arp two means to satisfy this requirement, one is to exceed 30 pixels“per degree, tested by tine following
inequality:

Ny > 60 arctan[ M view j (55)
X Ddesign view
where
N, is the number of lines of pixels in the'height of the viewing area,
Hyidw is the height of the viewing area,

Dgekign view i the design viewing distahce.

The other is to determine the fill factor [see 3.4.17 (fill factor)].

If it is necessary to determine the fill factor to meet the requirement, some flat panel technologies require
microphgtometric evaluation\but most technologies are best evaluated by analysis of the pixel and subpixel design
[3.4.7 (pixel) and 3.4.12(subpixel)]. In all cases, panels with subpixels are evaluated by determining the fill factor
of each qubpixel and sUmming. It is immaterial that the blue subpixel exhibits lower luminance than the green.

8.7.9.1 Panels:that require microphotometric evaluation

The geometrically available area is judged by finding the peak luminance of a pixel under dark-room conditions with

t hot: 1. ith—th bilitv—to—f Q1L Th ] ti th
a slit luminahce—meterormicro. n otometer—wi o3 bility £ o-focus—on0-14 ILLII en-loca |nn eVertical and

horizontal points where the Iumlnance has fallen as near as possible to 50 %. The fill factor is that area divided by
Vpitch X Hpitch-

For multi-colour flat panels the values, including the 50 % level, are measured separately for each primary colour.

Example illustrating a technology such as the double-substrate ac-plasma where the luminance at the pixel location
is partly occluded by an opaque conductor.

NOTE The dashed box that circumscribes the 50 % luminance contour regions is used to judge the geometrically available
area.
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|
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|
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w

1 Total pixel area

2 50 % contour

3 Availablg pixel area
4  Peak luminance

Figure 36 — Microphotometric case

8.7.9.2 Ranels that can be evaluated from artwork

Many flat ganels are more conveniently and accurately represented by a design analysis of the electfo-optical
producing grtwork. The actual luminance accurately follows the artwork.

Subpixel stfuctures can be used to achieve.multicolour, gray scale, minimize fault visibility or minimize anigotropy.

The manufacturer shall supply the fequired drawing. For multicolour flat panels, sum the red, green jand blue
apertures ahd divide by the pixel area.
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Figure 37 shows an example of a typical multicolour panel.

0,1

]

N
B
N\

ol
25%%

0,1

457

&
2924
<
ﬂ ® VY

The black matrix areas have relative dimension, 0,1 and the pixel total area is 1 ¥ . The total black mptrix area is
3x0,9%0,1+1x0,1=0,37. So in this example, the fill factor is 1 — 0,37 = 0,63+

NOTE The figure shows four pixels.

Figure 37 — Multicolour pixels composed of R-Red, G-Green and B-Blue subpixels

Figure 3§ shows an example of a possible electrode patt€rm” on a display where a gray-level visdal effect is
produced by variable-width subpixels. The light output is, proportional to the intersection of the hofizontal and
vertical ejectrode area.

13

3

7 772

N
7

%
AENANARNNAAN]

LT |
7 2 A7 771 T]

A

The pixel area is 7 x 7 = 49 units. The intersecting areas are 1, 2, 4 and 8 that sum to 15. The fill factor is
15/49 = 0,31 just meeting the criterion.

NOTE The figure shows four pixels.

Figure 38 — Gray scale by binary weighted subpixels. The intersections produce 1, 2, 4 and 8 units
producing 0 to 15 linear luminance levels
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8.7.10 Character format
Use the values from 8.5 Combined measurement for character design analysis.
Verify that Ny Height and Ny width meet the requirements in Table 11.

Verify that the font meets the rest of the requirements in 7.70 Character format.

8.7.11 Between-character spacing

For definiti

Verify that t

8.7.12 Bety
For definitid
Verify that t
8.7.13 Bety
For definitid

Verify that t

£ ES (o1~ ) 1N ol + £ L. £ ol H I L
o, TCICT U U.J UUINTIVITICU TTTCASUT CTITCTIU TUT ULIHTAravlTr UCoryrT AaliTtdiy olo.

ne font and the application meet the requirements in 7.11 Between-character spacing.
veen-word spacing

ns, refer to 8.5 Combined measurement for character design analysis.

he font and the application meet the requirements in 7.72 Between-word 'spacing.
veen-line spacing

ns, refer to 8.5 Combined measurement for character design analysis.

he font and the application meet the requirements in 7. 13 \Between-line spacing.

8.7.14 Display luminance

Use the vallies from 8.6 Combined measurement for lumitiance, contrast and diffuse illumination, Table 43.
Verify that the 21 requirements
Lgs Hsfn) = (1+Tol) x 20 cd/m?, n = CLA..CL-7, HL-1..HL-7, LL-1...LL-7 (56)
are met.
8.7.15 Contrast
Use the vallies from 8.6 Combined measurement for luminance, contrast, and diffuse illumination, Table 43.
Verify that the 21 requirements (contrast modulation)
I _ -0,55
‘. J:ES,HS(n) - fj i:f:f X fES‘LS(,,) . 5,_X LEstSé’é) , 11 = CL-1...CL-7, HL-1..HL-7, LL-1...LL-7 (57)
LS HS() T OIS TS () 9 X L5 LS()
or equivalent 21 requirements (contrast ratio)
LEshstn > (1+ Tol) x (1+10 xLEs‘LS_O’%) n = CL-1...CL-7, HL-1..HL-7, LL-1...LL-7 (58)
LEs,LS(n)
are met.

78
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uminance balance

Luminance balance can only be evaluated in full at the workplace:

-2:2001(E)

8.7.16.1 Evaluation at the workplace

a) Measure Lgg Hs(HL-7) of the flat panel, where Ly Hs(HL-7), is the area-luminance of the highest luminance state
used on the display by the application in the design viewing direction, in the actual ambient lighting of the
workplace.

b) MeaBure L, task area(TA-min) @Nd LEa task area(TA-max), WNeTr€ Lga task area(TA-min) @Nd LEa task area(TAdnax) are the
lowdst and highest area luminances of any task area that is frequently viewed in sequence(While using the
display (document, covers, etc.), in the actual ambient lighting at the workplace.

C)  LgaiS(HL-7), LEa task area(TA-min) @Nd LEa task area(TA-max)) Should meet the following critefia:

0,1 LEa,task area(TA-max) < LEa,HS(HL-?) <10x LEa,task area(TA-min) (59)

8.7.16.2 | Evaluation in a test laboratory

The lum|nance balance between the screen and other parts of the_fproduct (covers, keyboards, ¢tc) can be

evaluated in a laboratory using the specified design screen illumination;

a) Estimate Lgs HsHL-7)

1) [Evaluate the eighteen luminance values LgsHs(Cln) LEs,HS(HL-n) @Nd Lgs Hs(LL-n), Where n £ 1...6 from
8.6 Combined measurement for luminance, contrast and diffuse illumination, Table 43.

2) [Select the smallest of these values as the estimate for Lgs ysHL-7)-

b) Estimate Lgs task area(TA-min) @Nd Ls task-area(TA-max) (See Table 48)

1) [Measure YpirF task area(TA-min). 80 YDIFF task area(TA-max), Where YDIFF task area(TA-min) @Nd
YDIFF task area(TA-max) @re, when illuminated with the diffuse light source of the laboratory, the{lowest and
highest area luminances (ofjany task area of the product that is frequently viewed in sequence|while using
the display (covers, keybhoards, etc.).

2) |Measure Ypirr aSTD(TA-min) @Nd YDIFF dSTD(TA-max), Where Ypirr dsTD(TA-min) @Nd YDIFF dSTD(TA{max) @re the
measured luminances of the diffuse reflectance standard when placed at the locations TA-min and
[TA-max.

Table 48 — Task area and dSTD
Measure n = min n = max lllumination Object Focus
YDIFF,dSTD(TA-n) DIFF dSTD dSTD
3) Calculate Lgs task area(TA-min) @Nd Ls task area(TA-max)-
YDIFF task area(TA-n) X 4 S—SML,dSTD(dSTD-1S45) X £ .
L gs task area(TA-n) = ; . » = min, max (60)
DIFF,dSTD(TA-1)
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C)  Lgs HS(HL-7), LEs task area(TA-min) @Nd LEs task area(TA-max)) Should meet the following criteria:
0,1X L gs task area(TA-max) < LEsHS(HL-7) < 10X L s task area(TA-min) (61)

NOTE The luminance balance characteristics of the product can in a laboratory be further analysed by measuring
LDIFF task area(TA-min) @Nd LDIFF task area(TA-max), fOr typical objects (standard office papers, magazine paper, etc.) used in offices.

8.7.17 Reflections

8.7.17.1 Overview

Verify that {he reflection resistance class has been specified from Table 13. Record whether the display testing is
being done|for positive polarity, negative polarity or both.

NOTE lass | requires that the luminance factor g be estimated for both a 15° and a 1° source.
These megdsurements are taken at locations CL-nS, where n = 1...6. The working distance and aperture of the
luminance meter must be such that the measuring field is less than 0,5 x the image-of the small speculdgr source,

but large gnough to include at least a 10-pixel circular field. All measurements—for this evaluation|shall be
conducted yith the luminance meter in the geometry of Figure 39.

15°

Sideview offthe measurement geometry. The meter,is-at (15°, ¢).

Figure 39 — Measurement geometry for reflection evaluation
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Depending on class selection, one or both of the configurations shown in Figure 40 may be needed.

Key
1 1° aperture to create small source
2 > 15} exit port to create extended source

1° to R° aperture for extended source, < 0,3° for small source

Sideview of the measurement geometry. The luminance source is at (15°, ¢ + 180°) and the luminangce meter at

(+15°, ).

Figure 40 — Configurationfor estimating g, the luminance factor
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Figure 41 shows a perspective view of the specular reflection apparatus.

Key

1 Luminance source (shown with the 15° aperture)
2 Spot phgtometer
3 Panel orfreflectance standard

Perspective

meter at (+

15°, ¢).

Figure 41 — Perspective of.the specular reflection apparatus

view of the measurement geometry. The luminance source is at (15°, ¢ + 180°) and the I¢iminance

The following data from the diffuse andispecular standards is needed (as usual, Y is used for the lumjnance of

preliminary

results).

The luminance meter shall be-focused as defined in Tables 49 to 51. For the small-source specular feflection

measurems

finer than O

82

2° so that it is possible to determine the peak in reflected luminance.

nt, the angular alignment mechanism of the light source and the photometer shall have a resolution
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8.7.17.2 Measurements

8.7.17.2.1 Light sources

8.7.17.21.1 Alternative 1, use no specular standard
Table 49 — Measurement of the light sources
Lg lllumination Object Focus

YS-EXT,S-EXT(Lg) S-EXT S-EXT SEXT2
Ys_SML,S-SML(Lg) S-SML S-SML S-SMLb
Measure the luminance of the light sources.
NOTE  Greatest accuracy is achieved when selecting the measurement
distance (light meter to light source) to be the same as the total distance in
the specular measurements of the flat panel (light meter to flat panel + flat
panel to light source).
28 Focus is at the exit port of the light source.
b Focus is at the exit port of the light source.

8.7.17.2/1.2 Alternative 2, use a specular standard

Table 50 — Measurement of:reflectance standards

CL-0S lllatmination Object Focus?@

YS_EXT,sSTD(CL-0S) S-EXT sSTD S-EXT

YS-SML,sSTD(CL-0S) S-SML sSTD S-SML

Measure the values needed to calculate the luminances of the light sources.

@  Focus is at the exit port of the light source.

Y9 EXT,SEXT(Lg)

YqsmL,s-sML(Ly) =

_ YsEXT sSTD(CL-0S)
Bs-ExT,STD(CL-0S)

Y3 sML,sSTD(CL-0S)
Bs-smL,sTD(CL-0S)

Table 51 — Calculation of the light sources

Ly lllumination Object
Ys_EXT,S-EXT(Lg) S-EXT S-EXT
Ys.SML,S-SML(Lg) S-SML S-EXT

Measure the luminance of the light sources.

NOTE  Greatest accuracy is achieved when selecting the measurement
distance (light meter to light source) to be the same as the total distance in
the specular measurements of the flat panel (light meter to flat panel + flat
panel to light source).
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When using a specular standard, additional measurement uncertainty is introduced from
— the accuracy of calibration of the specular reflection standard,

— non-perfect alignment of the specular reflection standard, and

— possible azimuthal variation of the characteristics of the specular reflection standard.

Use the data from the calibration of the specular standard to define an increased uncertainty estimate for
YSEXT,S-EXT(Lg) @nd Ys-sML,S-SML(Lg)-

8.7.17.2.2 |Diffuse reflectance standard

For a unifgrm diffuse illumination (e.g. large integrating sphere) and a system insensitive to(the”azimiyith angle
between equipment under test and light meter (e.g. insensitive to polarization of light) all thealues in|Table 52
remain conistant for all values of » and need be measured for one azimuth angle only, e.g. CL50.

Table 52 — Measurement of diffuse reflectance standard

n= CL-1S | CL-2S | CL-3S | CL-4S | CL-5S | CL-6S | Hlumination | Object | Focus?@
YDIFF,dSD(n) DIFF dSTD dSTD

NOTE 1 If|it has been verified through a calibration measurement that the refléctance characteristics of the diffuse feflection
standard arg independent of the azimuth angle, then the measurement of dSTD need to be performed for one azimuith angle
only, e.g. C|--0S.

NOTE 2 Iflthe measurement system is accurate and stabile, then the'values for dSTD in this table should remain the same
from measyrement to measurement. Thus these values can be used as quality assurance values for the system.

@  Focus is at the surface of the flat panel under test.

8.7.17.2.3 |Emitted luminance from the flat‘panel at 15° (see Table 53)

Table 53 — Measurements in the dark and with diffuse illumination

n= CL-1S | CL:2S.| CL-3S | CL-4S | CL-5S | CL-6S | lllumination | Object | Focus@
Ydark,H$(n) dark HS HS
Ydark,L$(n) dark LS LS

Measure thg values néeded to characterize the flat panel as a function of
— state (High state) low state, switched off), and

— viewind ditection (CL-1S...6S).

@  Focus is at the surface of the flat panel under test.
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8.7.17.2.4 Reflectometer values.

8.7.17.2.4.1 Alternative 1, any display (see Tables 54 to 58)

Table 54 — Indirect measurement with specular light sources, step 1

n= CL-1S | CL-2S | CL-3S | CL-4S | CL-5S | CL-6S | lllumination | Object | Focus®@
YS EXT HS-F_EXT(n) S-EXT HS S-EXT
VS EXT LS-E_EXT() S-EXT LS S-EXT
Ys-SML,{iS-F_SML(n) S-SML HS S-SML
Ys-sML,|S-F_SML(n) S-SML LS S-SML

First measure the luminance at the exit port of the light source, with the flat panel switched on.

a8  The focusing in these twelve measurements is at the exit port of the light source.

Table 55 — Indirect measurement with specular light.sources, step 2

"= CL-1S | CL-2S | CL-3S | CL-4S | CL-5S | CL-6S | lllumination | Object | Focus?
Ydark, HY-F_EXT(n) dark HS S-EXT
Ydark,L§-F_EXT(n) dark LS S-EXT
Ydark,H9-F_SML(n) dark HS S-SML
Ydark, LS-F_SML(n) dark LS S-SML

Measure the luminance of the light emission from the-flat panel with the focus on the light source, with the light gource dark.
These values are needed for calculating the specular reflection component without contribution of emitted light from the flat
panel.

Then v:[y carefully cover the light source and maintain all alignments exactly identical to the previous measurements.

If the digtance between EUT and the smallsource is identical to the distance between EUT and the extended qource, then
row 1 =fow 3 and row 2 = row 4.

a8  The ffocusing in these twelve measurements is intentionally unusual (on the exit port of the dark light source).

Table 56.=Indirect measurement with specular light sources, step 3, calculate

n= CL-1S | CL-2S | CL-3S | CL-4S | CL-5S | CL-6S lllumination Object
YS-EXT HS-OFF(n) S-EXT HS
Ys ExT,|fstOrF () S-EXT LS
YS-SML,HS-OFF () S-SML HS
YS-SML,LS-OFF(n) S-SML LS

Finally calculate the estimation of the reflected specular light using equation (63).

YS_EXT,HS-OFF(CL-nS) = YS-EXT,HS-F_EXT(CL-1S) — Ydark,HS-F_EXT(CL-nS), 71 =1...6
YS.EXT LS-OFF(CL-#S) = YS-EXT,LS-F_EXT(CL-nS) — Ydark,LS-F_EXT(CL-nS)s 7 =1...6 (63)
YS_SML,HS-OFF(CL-nS) = YS-SML,HS-F_SML(CL-#S) — Ydark,HS-F_SML(CL-sS): " = 1...6

YS.SML,LS-OFF(CL-1S) = YS-SML,LS-F_SML(CL-S) — Ydark,LS-F_SML(CL-nS), " = 1...6
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Table 57 — Indirect measurement with diffuse light sources, step 1, measure

To reduce the number of measurements, it has been assumed that LcLn) = k1 X LHLn) =
remains constant for all azimuth angles and inclination angles (for all values of #). If this assumption is invalidated for a new

n= CL-1S | CL-2S | CL-3S | CL-4S | CL-5S | CL-6S | Illlumination | Object | Focus?
YDIFF HS(n) DIFF HS HS
YDIFF,LS(n) DIFF LS LS
Measure the reflected non-specular luminance at 15°, with the flat panel switched on, in both LS and HS states.

k2 X L(LL'n)’ such that k1 and k2

techno|ogy then the nmlahnnq will nat be valid and the 12 nnnlnmnfrlr‘ measurements of the flat nnnnl in this table need to be
repeated also for Iocatlons HL-1...6 and LL-1...6 (total of 36 measurements instead of 12).
@  Focus is at the surface of the flat panel under test.
YDIFF,Hs-OFF(CL-1S) = YDIFF,HS(CL-S) ~ Ydark HS(CL-ns)> 7 = 1...6 (64)
YDIFF Us-OFF(CL-1S) = YDIFF,LS(CL-nS) ~ Ydark LS(CL-nS), 7 = 1...6
Table 58 — Indirect measurement with diffuse light sources, step 2, calculate
nfF CL-1S | CL-2S | CL-3S | CL-4S | CL-5S | CL-6S lllumination Object
YDIFF, HS-OFF(n) DIFF HS
YDIFF LS-OFF(n) DIFF LS
Finally calctilate the estimation of the reflected diffuse light using equation (64).
8.7.17.2.4.2 Alternative 2, Back-illuminated liquid crystal displays, where the illumination (e.g. backlight)
can be switched off, but the state of the liquid crystals is still HS and LS (e.g. most notebook comppters)

(see Tables

59 and 60).

Table 59 — Direct measurement with specular light sources (not always possible)

n= CL-1S | CL-2S ) CL-3S | CL-4S | CL-5S | CL-6S | lllumination | Object | Focus?
Ys EXT, HS{OFF(n) S-EXT HS-OFF | |S-EXT
Ys-EXT LS{oFF () S-EXT LS-OFF | |S-EXT
Ys-SML,HSIOFF(n) S-SML HS-OFF | |S-SML
Ys-smL,Ls{oFF) S-SML LS-OFF | |S-SML
Measure the reflected specular luminance. with the flat panel switched on. in both LS and HS states. with the built-in
illumination of the flat panel switched off.

a

The focusing in these 24 measurements is on the exit port of the light source.
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Table 60 — Direct measurement with diffuse light sources (not always possible)

n= CL-1S | CL-2S | CL-3S | CL-4S | CL-5S | CL-6S | lllumination | Object | Focus?
YDIFF,HS-OFF (1) DIFF HS HS
YDIFF,LS-OFF(n) DIFF LS LS

repeate

Measure the reflected non-specular luminance at 15°, with the flat panel switched on, in both LS and HS states, with the built-
in illumination of the flat panel switched off.

To reduce the number of measurements, it has been assumed that Lci.,) = k1 X L(HL-n) = k2 X L(_1-») SUch that &y and &,
remains i inclinati i ion s i i
technolopy, then equations will not be valid and the 12 goniometric measurements of the flat panel in this table

d also for locations HL-1...6 and LL-1...6 (total of 36 measurements instead of 12).

d for a new
need to be

@  Focys is at the surface of the flat panel under test.

8.7.17.2

A3 The non-specular component in the specular measurement (See-JTable 61)

Table 61 — Measurement of non-specular component

"= CL-1S | CL-2S | CL-3S | CL-4S | CL-5S | CL-6S | lllumination | Object

Focus?@

Ysex

1,dSTD(n) S-EXT dSTD

S-EXT

Ys-smif,dSTD(n) S-SML dSTD

S-SML

NOTE 1

Measure the reflected specular luminance, with the flat panelxswitched on, in both LS and HS states, with
illumination of the flat panel switched off.

reflection standard are independent of the azimuth angle, then the measurement needs to be performed for g
angle only, e.g. CL-0S.

NOTE 2| If the measurement system is accuraterand stabile, then the values in this table should remain the
measurgment to measurement. Thus these values can be used as quality assurance values for the system.

If it has been verified, through a calibration measurement, that the reflectance characteristics of

the built-in

the diffuse
ne azimuth

same from

@  The focusing in these twelve measurements is on the exit port of the light source.

8.7.17.3

In this pgart of ISO 13406)it is assumed that emitted luminance of flat panels is independent of the
ISO 9241-7 the emitted.luminance is measured separately in each polarity because the luminance of C
is dependlent on thepolarity (step 1, Table 62).

As the reflectance characteristics of anisotropic displays is dependent on azimuth, many measurements
of ISO 13406 are repeated for six different azimuth angles. If the flat panel is isotropic, then only one az

Summary of symbols used in calculations

polarity. In
RT displays

in this part
muth angle

is necessary, €.9. CL=0S(steps ;2 and -3, Tabie 62)-

As the orientation of the liquid crystal affects the reflectance for LCDs, measurements are not made with the flat
panel switched off, but in the states LS-OFF and HS-OFF instead. If the state of the flat panel does not affect the
reflection characteristics then the measurement need only be performed in the off state (steps 1, 2, 3 and 4,
Table 62).
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Table 62 — Raw data needed in calculations

Step ISO 9241-7 |scl>s1%::;12-z;vr:£ols ISO 13406-2
Lp15°) positive polarity Ydark,HS-pospol(CL-0S) VoSG 7 = 1.6
1 Lf(15°) negative polarity Ydark,HS-negpol(CL-0S)
LF(15°) positive polarity Ydark,LS-pospol(CL-0S) oo LS(GLas) 1 = 1...6
Lg(15°) negative polarity Ydark,LS-negpol(CL-0S)
Ys-SML,HS-OFF(CL-n8) 2= (1 ...6
) Lps(smL,15°) Ys-SML,OFF(CL-0S) Teomis oo =16
LQOs(sTD,15°) Ys.SML,dSTD(CL-0S) Ys-sML,dSTD(CLZS) 7 = 1.1.6
Lgs(EXT,15°) YS-EXT,OFF(CL-0S) Ys-EXT HS-OFF(CL-nS), 7 = [I...6
3 YsEXT,LS-OFF(CL-1S), " = |-..6
Ly(sTp,15°) YS-EXT,dSTD(CL-0S) ¥sEXT,dsTD(CL-nS). " = 1.1.6
1o VolFF OFFOLO) YDIFF,HS-OFF(CL-uS), n = 1]..6
4 YDIFF LS-OFF(CL-1S).n = 1.6
LysTp,0°) YDIFF,dSTD(CL-0) YDIFF,dSTD(CL-nS), 7 = 1...B
5 Lpsmi) Ys_SML,S-SML(Lg) Ys_-sML,S-SML((Zg)
LAEXT) Ys_EXT,S-EXT(Lg) Ys_EXT,S-EXT(Lg)

8.7.17.4 (Calculate reflectometer values

YDIFF,HS-OFF(CL-1S)
RpIFF HS-OFF(CL-1S) = 4'S-SML,dSTD(dSTD-145) X , n=1.6 (65)

YDIFF,dSTD(CL-1S)

YDIFF,LS-OFF(CL-1S) ,

RpIFF,|S-OFF(CL-#S) = 4S-SMEESTD(dSTD-145) X =1..6 (66)

YDIFF,dSTD(CL-1S)

If the tests|are performéd-with 30° diffuse illumination instead of 45°, then use gs.smL,dsTD(dSTD-#30) iNstead of
4S-SML,dSTL(dSTD-»454 10 ‘equations (65) and (66).

Calculate the reflectometer values for diffuse reflection. See Table 63.

Table 63 — Calculate diffuse reflectometer values

n= CL-1S | CL-2S | CL-3S | CL-4S | CL-5S | CL-6S | Object
RDIFF,HS-OFF(n) HS
RDIFF,LS-OFF(n) LS

NOTE  This reflectometer value represents the combined diffuse and haze reflection with a 45°/0°
geometry. It is not a complete representation of the non-specular reflections. The characterization of
reflections is further discussed in annex C.
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RpIFF HS-OFF(CL-1S)

Y S EXT,HS-OFF(CL-1S) — YS-EXT,dSTD(CL-1S) X

4 S-SML,dSTD(dSTD-#S15) _
RSEXT,HS-OFF(CL-1S) = v , n=1.6 (67)
S-EXT,S-EXT(Lg)
RpIFF,LS-OFF(CL-1S)
Ys EXT LS-OFF(CL-#S) — YS-EXT,dSTD(CL-#S) X
4S-SML,dSTD(dSTD-#S15) _
Rs_EXT LS-OFF(CL-1S) = y , n=1.6 (68)
S-EXT,S-EXT(Lg)
RDIFF,HS-OFF(CL-S)
YS_SML,HS-OFF(CL-#S) ~ Y'S-SML,dSTD(CL-1S) X
4S-SML,dSTD(dSTD-1S15) \
Rs_$ML,HS-OFF(CL-1S) = v 0116 (69)
S-SML,S-SML(Lg)
RpIFF,LS-OFF(CL-1S)
YS_SML,HS-OFF(CL-#S) ~ Y'S-SML,dSTD(CL-#S) %
4S-SML,dSTD(dSTB-1nS15) _
Rs.$ML,LS-OFF(CL-#S) = v , n=1.16 (70)
S-SML,S-SML(Lg)
NOTE The second term of equations (67) to (70) is an estimation of“the reflected non-specula component
(see ISO 9241-7). Especially with small source reflections, the term approaches Zero for many displays.
Calculatg the reflectometer values for extended source and small seurce specular reflection. See Table 64.
Table 64 — Calculate specular'reflectometer values
n= CL-1S | CL-2S _{iCL-3S | CL-4S | CL-5S | CL-6S | Object
Rs_EXT HS-OFF(n) HS
Rs_EXT LS-OFF(n) LS
Rs_SML,HS-OFF(n) HS
Rs-SML,LS-OFF(n) LS
Table 65|gives a summary ofreflectometer values used in ISO 9241-7 and in this part of ISO 13406.
Table 65 — Summary of reflectometer values
ISO 9241-7 with this part .
1ISO9241-7 of ISO 13406 symbols This part of ISO 13406
. RDIFF Hs-OFF(CL-ns),n = 1...6
R “DIFFOFF(CE0S)
RDIFF LS-OFF(CL-#S),n = 1...6
Rs-EXT HS-OFF(CL-n8), 7 = 1...6
Rs_ExT Rs_EXT,OFF(CL-0S)
RS EXT,LS-OFF(CL-uS), n = 1...6
Rs_SML,HS-OFF(CL-1S), 7 = 1...6
Rs-smL Rs_sML,0OFF(CL-0S)
RS_SML,LS-OFF(CL-1S), 7 = 1...6
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8.7.17.5 Convert to standard ambient illumination conditions
L s, Hs(CL-nS) = Ydark,HS(CL-#S) + E's X RDIFF,Hs-OFF(CL-D), 7 = 1...6 (71)
L s Ls(cL-nS) = Ydark,LS(CL-nS) T E's X RDIFF Ls-OFF(cL-D), 7 = 1...6 (72)

Calculate the combined luminance emitted from the EUT and reflected from the EUT with the design screen
illuminance (intermediate result). See Table 66

n= CL-1S | CL-2S | CL-3S | CL-4S | CL-5S | CL-6S | lllumination Qbject
Lgs Hs(n) Eg HS
Ors Ls(n) F LS

L ps+REFEXT—I,HS(CL-1S) = L Es,HS(CL-nS) T LREFEXT—1 X RS.EXT,HS-OFF(CL-1S): 1516
L ps+REFEXT-I,LS(CL-1S) = L Es Ls(CL-nS) T LREFEXT—I X RS_EXT LS-OFF(CL-nS), (1°=1...6

_ (73)
L ps+REFSML-I,HS(CL-nS) = L Es HS(CL-1S) T LREFSML-I X Rs_SML, HS-OFF(ctus), 7 =1...6
L ps+REFSML-I,LS(CL-nS) = L Es,LS(CL-1S) T LREFSML—I X Rs_SML,LS-OFF(CL-nS): " =1...6
L ps+REFEXT—I,HS(CL-1S) = L £s,HS(CL-1S) T LREFEXT-III X RS-EXTHS-OFF(CL-1S), 1 =1...6
L ps+REFEXT-I,LS(CL-1S) = L Es,LS(CL-nS) T LREFEXT-IIl X RSEXT LS-OFF(CL-1s), 7 =1...6 (74)

L ps+REFSML-IHS(CL-nS) = L Es,HS(CL-1S) T LREFSML—III ¥R S_SML HS-OFF(CL-1s), 7 =1...6
L ps+REFSML-I,LS(CL-#S) = L Es,LS(CL-nS) + LREFSMLCIN X RS_SML,LS-OFF(CL-1s), 7 =1...6

Add the infermediate values to get the total-luminance values with standardized diffuse illumination gnd glare
sources. Sge Table 67.

Table.67 — Calculate total luminance values

= CL-1S{_CL-2S | CL-3S | CL-4S | CL-5S | CL-6S lllumination Dbject
LEs+REAEXT-I,HS () Es+REFEXT-I HS
LEs+REFEXT1,LS(n) Es+REFEXT-I LS
LEs+REFSML-I,HS(i1) Eg+REFSML-I HS
LEs+REFBMI,LS(n) Eg+REFSML-I LS
LEs+REFEXT-III,HS (n) Es+REFEXT-III HS
LEs+REFEXT-IILLS(n) Eg+REFEXT-III LS
LEs+REFSML-IIILHS (n) E¢+REFSML-II HS
LEs+REFSML-III,LS(n) E¢+REFSML-II LS
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8.7.17.6 Evaluate conformance to 7.17.1 Contrast in the presence of reflections

For Classefiection |, evaluate for n = CL-1S...CL-6S:

L Es+ REFSML-I,HS(n

~055
both ) > (1+Tol)x [1 + 10 X L po. REFSMLALS() )

L Es+ REFSML-1,LS(n)

L Es+ REFEXT-I,HS(n

) -0,55
and >(1+Tol)x |1+ 10 x L e+ REFEXT-ILS(n)

L Es+ REFEXT-I,LS(n)

ISO 13406-2:2001(E)

(75)

(76)

For Clas$refiection I, evaluate for n = CL-1S...CL-6S:

. L -
cithdr LEs* REFSML-LHS(n)

-0,55
> (1 + TOI)X [1 + 10 X L Es+ REFSML-I,LS(n) )
L Es+ REFSML-1,LS(n)

I~

Es+REFEXT-1,HS(n) 0%
or > (1+ Tol)x (1 + 10 x L e+ REFEXT-I,LS(n)
Es+REFEXT-1,LS(n)

I~

For Clas$refiection !ll, evaluate for n = CL-1S...CL-6S:

, L Es+ REFSML-III,HS(n
eithgr

| —0,55
> (1 + Tol)x (1 + 10 x L Es+ REFSML-IILS(n)
LEs+ REFSML-III,LS(n)

~

Es+ REFEXT-III,HS(n) -0,55
or > (1 +Tol)x (1 + 10 x L pe¥REFEXT-IILS(n)
Es+REFEXT-III,LS(n)

I~

8.7.17.7 | Evaluate conformance to 7.17.2 Contrast of unwanted reflections

For Clas$efiection | positive polarity, evaluate_for » = CL-1S...CL-6S:

L Es+REFSML-I,HS(1)

both <125

L gs Hs(n)

L gs+REFEXT-I,HS (i)

and <125

L gs 1Sy

For Clas$efiection\n€gative polarity, evaluate for n = CL-1S...CL-6S :

L £$+REFSML-I,LS(n) <12 4 % o L s Hs(n)

both

(77)

(78)

(79)

(80)

(81)

(82)

(83)

LES,LD\H} =S, ES(h)

L _ L
and DESTREFEXTLS() _ 45 1 o LEsHs@)

LEs1s(n) 15 Lgsism)

For Classefiection |l positive polarity, evaluate for n = CL-1S...CL-6S:

L £s+REFSML-1,HS(n)

either <125

L gs Hs(n)
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(84)

(85)

91


https://standardsiso.com/api/?name=7b6bc2cc51728e36281851e52baba104

ISO 13406-2:2001(E)

; L gs+REFEXT-I,HS(n)

<125 (86)
L gs Hs(n)
For Classyefiection |l Negative polarity, evaluate for n = CL-1S...CL-6S:
L _ L
either —ES*REFSMLALS(n) <12 + 1  ZEsHS() (87)
LgsLs(n) 15 Lgsism)
L _ L
or Es+REFEXT-I,LS(n) <t + 1 Es,HS(n) (88)
LEs s 15 Lgsism)
For Classefiection |1l positive polarity, evaluate for n = CL-1S...CL-6S:
'8 -
aither | ES*REFSML-IILHS(1) <125 (89)
L gs HS(n)
L _
or —ESFREFEXT-IILHS(1) <125 (90)
L gs Hs(n)
For Classefiection Il negative polarity, evaluate for n = CL-1S...CL-6S:
/. . L
cither | £S*REFSML-IILLS(n) <12 + 1 o ZEsHS(n) (91)
Lgs s 15 Lgsism)
L L
or ESREFEXT-IILLS() <12 + 1 o ZEsHS() (92)

LgsLsm)

8.7.18 Imdge polarity

15 Lgsism)

If the display is specified as being capable of both polarities (usually the case), verify that the requirements are
satisfied in poth polarities.
8.7.19 Lurminance uniformity (see Table 68)
Use the vallies from 8.6 Combined measurement for luminance, contrast, and diffuse illumination, Table 43.
If only the flesign viewing direction range class, Classyjewing IV is evaluated, then locations CL-1...CL-§ are not
needed.
Table 68 — Luminance uniformity values
n= 1 2 3 4 5 6 lllumination Object

LEgs Hs(CL-n) Eg HS

LEs HS(HL-n) Eq HS

LEgs Hs(LL-n) Es HS

To meet the requirements of 7.19 Luminance uniformity under the provisions of 7.2 Design viewing direction, the
largest of the readings divided by the smallest shall be less than 1,7. For Class,jewing IV, three readings are needed
(CL-7, HL-7, LL-7). For Classyjewing |, Il and Ill, all twenty-one readings are needed. To evaluate the

92
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recommendations, calculate the angles between the sites and the corresponding ratios. The ratios should not
exceed those recommended in Table 14 in 7.19 Luminance uniformity.

8.7.20 Pixel faults

Pixel fault class, Classpixe) is verified by direct observation.

a) Type

1

With the panel in the mtended dark state, observe high-state plxels if any. If any clusters appear to be present,

oY ath 1 lot tha L | P rocHt

exar

Typs

With
word
low,
that
mov
pixe

Typd

If a pixel or area of the panel seems abnormal to the person conducting the test, the pixel or area s
nined to see if the type 3 designation applies. This is unavoidably, judgmental.

exar

8.7.21 In

Use test
and the
above 1

b through the panel smoothly. A type 2 fault is easily observed when the line splits at the stuck
s, if any, can be marked (physically or better in the software) and revisited to detect clustering.

tbha $ H 1t —annhac-and el t
HACthe-area—Winh UJUVV\,IIUI o |uuyu to-See+Hthe—> o-CHterion apphncsSarta FecoratmefeStit:

2

the panel in the intended dark state, scan the panel with a line of 30 pixels in thelhigh st3
s, set pixel 0 . . . 29 in the first scan line to the bright state, then turn pixel 30 high; 0 low the

the eye can stay with the line segment without having to flyback. In perféct-areas, the line

3

hage formation time

ocation CL-0. System commands shall be available to drive the target to the brightest state, L
owest state, Lqark,Ls(cL-0)- Use a fast response-time photometer, filtering out content below

conservdtively prevents aliasing error, 500 Hz conservatively encloses the maximum response time of]

the meth
can yield
a) App
fram
Ina
whe

000 Hz. In the examples that follow, the’meter output is sampled at 4 kS/s. The 1 000

pd described here, a sampled system-is used. It is recognized that a meter with adjustable a
equivalent results.

y the first command to the device-under-test. Record the luminance-time response, L(t) and ¢
e-period averaged luminance-time response, Lgpa (f).

sampled system,

te. In other
h 31 high, 1

etc. At the end of the scan line it is best to turn in place and scan the next row,of<pixels from right to left so

appears to
pixel. Stuck

hould be re-

dark,HS(CL-0)
500 Hz and

Hz filtering
the eye. In
nalog filters

alculate the

(93)

T is the refresh period;

t; is the sample time;

L(z) is the low-passed filtered, luminance-time, sampled value.

This is called a running average, moving window average or sometimes a boxcar integration of the data.

b)

After sufficient time, Lgpa(t;) reaches an approximately constant value, label this value Lq.

© ISO 2001 — All rights reserved
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c) Apply a second command and record the luminance-time response, L(t) and calculate the frame-period
averaged luminance-time response, Lgpa (2).

d) After sufficient time, Lgpa(t;) reaches an approximately constant value, label this value Lo.

e) Label the time when the luminance, Lgpa(t;) reaches L1 — 0,1(L4 — L) as 4.

f)  Label the time when the luminance, Lgpa(t;) reaches L1 — 0,9(L1 — L) as 1.

g) Apply the first command and record the luminance-time response, L(#) and calculate the frame-period

averag
h) Labelt
i) Labelt
j)  Theim
NOTE L
The examp

output. A h
the effect o

edHtumiTaTTCeStimTe TESpOTTSE;, LEpA (1)-

he time when the luminance, Lgpa(t;) reaches Ly — 0,9(L1 — L) as f3.
ne time when the luminance, Lgpa(t;) reaches L1 — 0,1(L1 — L) as 4.
age formation time is (14 — t3) + (t2 — 11).

= Lyark,Hs(cL-0) @nd Ly = Lyark LS(CL-0)-

e in Figure 42 shows the luminance versus time characteristicc. The unmarked trace is the
gh frequency electronic ballast is modulated by the transmissive.LCD panel. The marked tra
the filter with a pass band of 500 Hz to 1 000 Hz. In this trace’ the effect of refresh is observed,

[L(t) - L4)/(Ly - Ly)

Relative luminance

0 20 40 60 80 100 120 140
Time (ms)

unfiltered
ce shows

In Figure 43, the filtered output from Figure 42 is repeated (the marked trace) and the frame-period averaged data
is added (the solid trace). The needed times are: 2,50 ms; 38,50 ms; 66,75 ms and 102,00 ms for ¢4, tp, t3 and t4,
respectively. The image formation time is (102,00 — 66,75) + (38,50 — 2,50) = 71 ms. Since this data was sampled
at 4 kS/s, the precision is = 0,5 ms (£ 2 sample times). Also see Figure 8 in 3.4.4 for an example with shorter image
formation time.

94
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NOTE
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Relative luminance = [L(t) - L{]/(L, - L)

T

I

I

I

I
_!__*
B
ul
ot

I

I

|

I

I

I

I

I

I

I

I

|

I

|

_— | _——— N

0 20 40 60 80 100 120 140
Time (ms)

Figure 43 — Before and after frame period averaging, 71 ms case

[There can be difficulties in making this measurement with asynchronously pulsed back lights. The
b measure image formation time in a representative unit withoa steady (dc) blacklight or the photon
Itered and the photometer output specially analysed.

8.7.22 Absolute luminance coding

There ar

— one
infor

— the

If only de

8.7.22.1

Repeat t
LS and Iq

p two means to satisfy this requirement:

is to use the flat panel only with applications that do not use absolute luminance coding,
mation where the only dimension ysed for visual differentiation is the image luminances;

ther is to meet the requirements in 8.7.22.1 and 8.7.22.2.

sign viewing-direction rangeé class |V is evaluated, then locations CL-1...CL-6 are not needed.

Measure and calculate every luminance code level

e measurements and calculations of Tables 69 to 73 for all levels (1...n, where usually level 1
vel n is equalto HS).

The disp

ay luminance shall be verified for the complete Tables 69 to 73 for anisotropic flat panels. For

supplier can
heter can be

i.e. present

is equal to

sotropic flat

panels, tI||e téstidirections -1...-6 can be neglected

Table 69 — Emitted luminance in dark

n= CL-0 LL-0 HL-0 lllumination | Object | Focus

Ydark level(n) dark level level

Measure the emitted luminances in dark-room conditions.

© ISO 2001 — All rights reserved
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Table 70 — Goniometric measurements

n= CL1 | CL-2 | CL-3 | CL-4 | CL-5 | CL-6 | CL-7 | lllumination | Object | Focus?
YDIFF,IeveI(n) DIFF level level
Ydark,level(n) dark level level
YDIFF,dSTD(n) DIFF dSTD dSTD
Measure the values needed to characterize the flat panel as a function of viewing direction for this level.
To reduce the number of measurements. it has been assumed that Loy = kq x Lgy = ko x Ly, . such that £ and kp
remains copstant for all azimuth angles and inclination angles (for all values of »). If this assumption is invalidated for a new
technology,| then equations (95) to (97) will not be valid and the 14 goniometric measurements of the flat panéltin this table
need to be fepeated also for locations HL-1...6 and LL-1...6 (totally 49 measurements instead of 21).
For a unifgrm diffuse illumination (e.g. large integrating sphere) and a system insensitive to the azimuth angle |between
equipment pnder test and light meter (e.g. insensitive to polarization of light) all values in the table.rémain constant for all
values of n and need be measured for one azimuth angle only, e.g. CL-0.
For a good measurement system and diffuse reflectance standard, regardless of the uniformity-of the diffuse illumination,
YpiFF dsTD() rf€Mains constant for all values of n, and thus Yp|rr gsTD(n) NEEdS to be measured for one azimuth angle pnly, e.g.
CL-0.
@  Focus is at the surface of the flat panel under test.
B YDIFF level(CL-n) ~ Ydark levelCL-n)  _
RDIFF Jbvel-OFF(CL-1) = 9S-SML,dSTD(dSTD-1S45) X v , n=1.7 (94)
DIFF@STD(CL-n)
Table 71 — Calculate reflectometer values
n= 1 2 3 4 5 6 7 lllumination Object
RDIFF level-pFF(CL-n) Es level
Calculate the reflectometer values for diffuse reflection
L ps levpI(CL-n) = Ydark level(CL-n) P RDIFF level-OFF(CL-n) X Es,n = 1.7 (93)
Y dark level(HL-0)
L s Jevpi(HL-n) = Ydark level(CLon) X 3 — —— "+ RDIFF level-OFF(CL-n) X £, 7 = 1.7 (96)
dark,level(CL-0)
Y gark,level(LL-0)
L gs JevBl(LL-n)-=Tdark level(CL-n) X 5 + RDIFF level-OFF(CL-n) X Es, 1 = 1.7 (97)
Yqark,level(CL-0)
Table 72 — Calculate total luminance values
n= 1 2 3 4 5 6 lllumination Object
LEs level(CL-n) Eg level
LEs level(HL-n) Eg level
LEs level(LL-n) Es level

Calculate the total luminance values.
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Table 73 — Calculate Ly, and Lyax
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Value Description lllumination Object
Lievel min Smallest value from Table 72. Eg level
Lievel,max Biggest value from Table 72. Es level
Find the maximum and minimum luminance values from Table 72.
8.7.22.2 Evatuate-thecriticat ratiorequirement(seeTabte 74)
Table 74 — Evaluate critical ratios
Critical ratio Calculated value Requirement Pass / Fail
L1 max =15
L2,nin/L1,max =15
L3,nin/L2,max =15
L3 tnin/L2,max > 1:5
>1,5
Ly min/Ln-1,max =>1,5
Calculate the critical ratio values based on the values in Table 72 for each luminance code level.
To [pass the requirement, the critical ratio requirementdnust be met for every luminance code level used py the
apglication.
Note that the luminance values have beefievaluated over the range of viewing directions for thg luminance
criterion.
8.7.23 Bllink coding
Verify that the image formation'is/less than 55 ms, if blink coding is used.
8.7.24 Tpmporal instability (Flicker)
See informative annex B. There are no technology-independent psychophysical tests for flicker on [flat panels.

Temporal modulation can be dependent on gray level and/or viewing direction and/or image content.

8.7.25 Dlefault colour set

There are two means to satisfy this requirement:

— one is to use the flat panel only with applications that do not require the user to discriminate or identify colours,

— the other is to meet the following requirements:

a) Verify that a default set of colours has been defined.

b) Verify that every colour of the default colour set, including reference white, meets all the requirements of

this part of ISO 13406.

© ISO 2001 — All rights reserved
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evaluated for conformance with

d)

7.5 Chromaticity uniformity difference,
7.27 Colour differences, and

7.29 Number of colours.

Verify that every colour of the default colour set has been included in the evaluation of requirements

If colours can be altered by the user, verify that the default set of colours is retrievable and restorable.

8.7.26 Mul

To evaluat
distance, a

For the eva

8.7.27 Cols

This requirg
7.25.

All measur¢ments are performed in the test location CL-7, and via calculations converted to the desig

illumination
The measu
using spec
calculationg
coordinates
The colour

An overviev

8.7.271

Measurements and conversions

licolour object size

d report the values in the test report.

uation of multicolour object size, the size is calculated from the diameter of the-object. See Fig

Figure 44 — Multicolour object size

bur differences

rements and conversion caleulations are made using wavelength spectrums (8.7.27.1.1 Alte
fral formulas). Under special conditions, it is also allowed to perform the measurements

using the CIE 1931 _tristimulus coordinates (8.7.27.1.2 Alternative 2 using CIE 1931 t
). See annex A for further guidance.

Hlifference calculations use the CIE 1976 L*u*v* (CIELUV) colour difference formulas.

of the measurements and calculations is given in annex A in matrix notation.

the recommendations, calculate the size, in millimetres, for 30°, 45" and 2°, for the design viewing

Ure 44.

ment applies only to flat panels for which a default character set has been defined in accordance with

N screen

rnative 1
and the
listimulus

8.7.271.1

N A—— trat+ trs

The formulas in this subclause has been written to apply without larger errors to any type of display. In most cases,
different wavelength intervals, A4, than 5 nm and different wavelength ranges than 360 nm ... 830 nm can be used.
See annex A for further guidance.
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8.7.271.141 Measurements (see Tables 75 to 77)

Table 75 — Measurements in dark-room conditions (EUT), W/( sr-m?nm )
Sdark,colour-n(CL-7)(4) for 4 = L .
n= lllumination Object
360 | 365 830
1 Dark Colour 1, e.g. reference white
2 Dark Colour 2, e.g. red
K Dark Colour 3, e.g. green
4 Dark Colour 4, e.g. blue
4 Dark Colour 5, e.g. 1st colour of the default colour set
6 Dark Colour 6, e.g. 2nd colour of thé default coloyr set
m Dark Colour m, e.g. last.colour of the default coloyr set
Megsure the emitted spectrum from 360 nm to 830 nm in steps of 5 nim in dark-room conditions. This| is the
component emitted from the EUT.
Focls is at the surface of the flat panel under test.
NOTE W/( sr-m2.nm ) is the international standard unit for‘radiance as a function of wavelength. FQr more
infofmation see CIE Publication No. 15.2:1986, Colorimetry.

Table 76 — Measurements with-diffuse illumination (EUT), W/ ( sr-m2nm )

nE SDIFF colour-n(cL-7)(4) for 4= Hlumination Object
360 |365 | ... 830

1 DIFF Colour 1, e.g. reference white

2 DIFF Colour 2, e.g. red

3 DIFF Colour 3, e.g. green

4 DIFF Colour 4, e.g. blue

5 DIFF Colour 5, e.g. 1st colour of the default colour set
6 DIFF Colour 6, e.g. 2nd colour of the default colour set
m DIFF Colour m, e.g. last colour of the default colour set

Measure the emitted spectrum from 360 nm to 830 nm in steps of 5 nm in dark-room conditions. This is an
intermediate value, including both the light emitted from the EUT and light reflected from the EUT.

Focus is at the surface of the flat panel under test.

NOTE 1 For every colour and wavelength, Spirr colour-n(CL-7)(4) >> Sdark.colour-n(cL-7)(4) In order to achieve good
measurement accuracy with the photometer (high enough light level, high enough signal-to-noise ratio).

NOTE 2 W/( sr~m2~nm) is the international standard unit for radiance as a function of wavelength. For more

information see CIE Publication No. 15.2:1986, Colorimetry.

© ISO 2001 — All rights reserved
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Table 77 — Measurements with diffuse illumination (dSTD), W/ ( sr-m2nm )

SpIFF,dsTD)(4) for 4=
360 365 830

lllumination

Object

DIFF

dSTD

Focus is at the surface of the diffuse reflectance standard.

Measure the reflected spectrum from 360 nm to 830 nm in steps of 5 nm in the laboratory diffuse illumination.

NOTE W/( sr-m2 nm \ is_the international standard unit for radiance as a function of wavelength. For more

informelation see CIE Publication No. 15.2:1986, Colorimetry.

8.7.27.1.1.2 Convert to spectral values under design screen illumination

SDIFF,dolour-n-OFF(CL-7)(4) = SDIFF, colour-n(CL-7) (4) = S dark,colour-n(cL-7)(4), n ="1.m, A4="360...830

(98)

For some displays, Table 78 can be measured directly, in which case Table 76 is-not needed. For example, LCD
displays where the display can be kept on with backlight or frontlight switched off.

Table 78 — Calculate the reflected component for illumination “DIFF”, W/( sr-m2nm )

n= SDIFF colour-n-OFF(CL-7)(4) for 2= lllumination Object
360 365 830

1 DIFF Colour 1, e.g. reference white

2 DIFE Colour 2, e.g. red

3 DIFF Colour 3, e.g. green

4 DIFF Colour 4, e.g. blue

5 DIFF Colour 5, e.g. 1st colour of the default colopr set
6 DIFF Colour 6, e.g. 2nd colour of the default colgur set
m DIFF Colour m, e.g. last colour of the default colgur set

see CIE Puplication-No? 15.2:1986, Colorimetry.

Calculate the reflected component in the laboratory diffuse illumination.

NOTE V/( sr-m2.nm ) is the international standard unit for radiance as a function of wavelength. For more information

RDIFF colour-n-OFF(CL-7)(4) =

SDIFF,colour-n-OFF(CL-7)(4) T ¢ S_SML,dSTD(dSTD-4545)(4)

SPIFF,dsTD(CL-7)(4)

100

n=1.m, A=2360...830

(99)
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Calculate the spectral reflectance factor for each colour. See Table 79.

Table 79 — Calculate the spectral reflectance factor for each colour, unit: unity

n= SDIFF.colourn-OFF(CL7)(4) for 4= lllumination Object
360 365 830

1 Dark Colour 1, e.g. reference white

2 Dark Colour 2, e.g. red

3 Dark Colour 3, e.g. green

4 Dark Colour 4, e.g. blue

5 Dark Colour 5, e.g. 1st colour of the' default cglour set
6 Dark Colour 6, e.g. 2nd colour, éf'the default colour set
m Dark Colour m, e.g. last'colour of the default dolour set

R-100 = ['he percentage reflection compared to the CIE ideal isotropic diffuser.

830 830

XEs,coIour-n(CL-?) =kq- J. Sdark,colour-n(CL-?)(l)')_C(/i)d/i +hkpt J. SES,ES(/l)' R(A)-%(4)d4
360 360
830 830

YEs bolour-n(CL-7) = K1- j S dark,colour-n(CL-7)(4) - ¥(A)dA+ ko - J. Sps,ps(A) R(A)-¥(A)dA r,n=1..m (100)
360 360
830 830

ZEs colour-n(CL-7) = kq- J. Sdark,colour—n(CL-?)(ﬁ)'E(/i)d/l+k2 ’ J. SEs,Es(/l)'R(/i)'f(/i)d/1
360 360

where
ky =683 Im/W (101)
Eq 1
k21— 55 (102)
[ 5 ssth) 7(A)d42

360

Sks s (.16 the spectral distribution of the design screen illumination, Es;

X, y, z are the colour-matching functions ot the CIE standard colorimetric observer;

the first term of equation (100) is the emitted component and the second term the reflected component.
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Calculate the total CIE 1931 tristimulus values in the design screen illumination. See Table 80.

Table 80 — Calculate the total tristimulus value for illumination £, W/( sr-mZnm )
n= | Xgs colour-n(CL-7) | YEs,colour-n(CL-7) | ZEs,colour-n(CL-7) | Illumination Object
1 Eg Colour 1, e.g. reference white
2 Eg Colour 2, e.g. red
3 Eg Colour 3, e.g. green
4 Eg Colour 4, e.g. blue
5 E Colour 5, e.g. 1st colour
s of the default colodr sét
6 E Colour 6, e.g. 2nd colour
s of the defaulf.¢olour set
" E Colaour m, e.g. last colour
s of.the default colour set

8.7.27.1.2 | Alternative 2 using CIE 1931 tristimulus coordinates

8.7.27.1.2.1 Measurements (see Tables 81 to 83)

Table 81 — Measurements in dark-room conditions (EUT)

n = |Xdark colour-n(CL-7) Ydark,colour—n(CL-?) Zdark,colour-n(CL-7) lllumination Object

1 Dark Colour 1, e.g. reference white

2 Dark Colour 2, e.g. red

3 Dark Colour 3, e.g. green

4 Dark Colour 4, e.g. blue
Colour 5, e.g. 1st colour

5 Dark of the default colour set
Colour 6, e.g. 2nd colour

6 Dark of the default colour set
Colour m, e.g. last colour

m Dark of the default colour set

Focus is at the surface of the flat panel under test.

Measure the CIE 1931 tristimulus coordinates in dark-room conditions. This is the component emitted from the EUT.

102
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Table 82 — Measurements with diffuse illumination (EUT)
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n = |XDiff colour-n(CL-7) |YDiff colour-n(CL-7) |ZDiff,colour-»(CL-7) | Illumination Object
1 DIFF Colour 1, e.g. reference white
2 DIFF Colour 2, e.g. red
3 DIFF Colour 3, e.g. green
4 DIFF Colour 4, e.g. blue
5 DIEE Colour 5, e.g. 1st colour
of the default colour set
Colour 6, e.g. 2nd colour
6 DIFF of the default coloursset
Colour m;.€7g. last colour
n DIFF of the default colour set
Measurel the CIE 1931 tristimulus coordinates in the laboratory diffuse illumination. This,is an intermediate valde, including
both the [ight emitted from the EUT and light reflected from the EUT.
Focus is|at the surface of the flat panel under test.
NOTE | For every colour, X,Y,Zpirr colour-n(CL-7) >> X, Y, Zdark colour-n(CL-7) IMyorder to achieve good measurement accuracy
with the photometer (high enough light level and signal-to-noise ratio).
Table 83 —Measurements with ‘diffuse illumination (dSTD)
XDIFF,dSTD(CL-7) | YDIFF,dSTD(CL-7) | ZDIFF dSTD(CL-7) lllumination Object
DIFF dSTD
Measure the CIE 1931 tristimulus coordinates in the laboratory diffuse illumination.
Focus is at the surface of the diffuse reflectance standard.
8.7.27.1.p.2 Convert to tristimulus values under design screen illumination
X DIFF, colour-n-OFF(CL=7)= X DIFF,colour-n(CL-7) — X dark,colour-n(CL-7)
YDIFF, colour-n-OFE(GL=7) = YDIFF,colour-n(CL-7) — Ydark,colour-n(CL-7) (> 7 =1...m (103)
ZDIRF, colour-»0FF (CL-7) = ZDIFF,colour-#(CL-7) — Z dark,colour-n(CL-7)
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For some displays, Table 84 can be measured directly, in which case Table 83 is not needed. For example, LCD
displays where the display can be kept on with backlight or frontlight switched off.

Table 84 — Calculate the reflected component for illumination “DIFF”

n = |XDIFF,colour-n-OFF(CL-7)| YDIFF colour-n-OFF(CL-7) |£DIFF colour-»-OFF(CL-7) | Illumination Object
1 DIFF Co!our 1, e.g. reference
white
2 DIFF Colour 2, e.g. red
DIFF Colour 3, e.g. gregn
4 DIFF Colour 4, e.g~blug
Colour 5;)e.9. 1st golour
5 DIFF of the(default colopr set
Colour 6, e.g. 2nd|colour
6 DIFF ofthe default colopr set
Colour m, e.g. last colour
" DBF of the default colour set
Calculate the reflected component in the laboratory diffuse illumination.
X DIFF, colour-n-OFF(CL-7) * <4 S-SML,dSTD(dSTD-4845) (X)
RDIFF dolour-n-OFF(CL-7)(X) = X
DIFF,dSTD(CL-T)
YDIFE colour-n-OFF(€L-7) - T 4 S-SML,dSTD(dSTD-4545)(Y)
RDIFF dolour-n-oFF(cL-7)(Y) = O 7 ) ( ) , n=1..m (104)
DIFF,dSTD(CL-7)
ZDIFF,calolr-n-OFF(CL-7) * T~ 4 S-SML,dSTD(dSTD-4545)(Z)
RDIFF dolour-n-OFF(CL-7)(Z) = ~
DIFF,dSTD(CL-7)
830
_[ 4S-SML,dSTD(dSTD-4545)(4) X(4) d4
360
9 S-SML|,dSTD(dSTD-4845)(X ) = 830
| 72 d
360
830
J. gs.SMI_dSTOdsTN-4545)(4)- ¥(4) dA
360
9S-SML,dSTD(dSTD-4545)(Y) = 830 (105)
[ 5(2)d2
360
830
_[ 4S-SML,dSTD(dSTD-4545)(4)-Z(4) d4
_ 360
9'S-SML,dSTD(dSTD-4545)(Z) = 830
| #(2) 04
360
104 © 1SO 2001 — All rights reserved
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Calculate the tristimulus reflectance factor for each colour.

Table 85 — Calculate the tristimulus reflectance factor for each colour

RDIFF colour-n-OFF(CL-7) lllumination Object

n= | (X) (Y) (2)

1 DIFF Colour 1, e.g. reference white

2 DIFF Colour 2, e.g. red

3 DH=E Colour3-e-g—green

4 DIFF Colour 4, e.g. blue

g DIFF Colour 5, e.g. 1st colour of the defaultieolour set
6 DIFF Colour 6, e.g. 2nd colour of the default coloyr set
m DIFF Colour m, e.g. last colour, of the default coloUr set

X, V¥ = the percentage reflection compared to the CIE ideal isotropic diffuser.

XEs,Es 'RDIFF,coIour—n-off(CL-?)(X)

X 9 colour-n(CL-7) = X dark,colour-n(CL-7) T+

T

YEs,£s - RDIFF, colour-ngeff(cL-7) (Y)

YEs,:oIour-n(CL-?) = Ydark,colour-n(CL-?) + T , n="1..m (106)
Z ks,Es * RDIFE Colour-n-off(cL-7)(Z)
ZEs colour-n(CL-7) = Zdark,colour—n(CL-?) + T
where
XE
XEs,Es = <. YEs,Es
YEs
Ypsks = Es (Ix) (107)
1—Xps —VE
Z Eslgs = —=s =8, YEs,Es
YEs
i.e. gquation (107)<specifies the X,Y,Z tristimulus values of the design screen illumination.
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Calculate the final CIE 1931 tristimulus values in the design screen illumination. See Table 86.

Table 86 — Calculate the total value for illumination “£”

n= | Xgs,colour-n(CL-7) | YEs,colour-n(CL-7) | ZEs,colour-n(CL-7) | lllumination Object
1 Eg Colour 1, e.g. reference white
2 Eg Colour 2, e.g. red
3 Eg Colour 3, e.g. green
4 £y Colour 4, e.g. blue
5 E Colour 5, e.g. 1st colodr
s of the default colour-set
6 E Colour 6, e.g. 2fd"colour
s of the default.colour set
" E Colatrm, e.g. last colour
s of.the default colour set
NOTE The best accuracy is achieved when the chromaticity coordinates (#sv") and the spectral distributign of the
laboratory diffuse illumination (DIFF) and the design screen illumination (Eg) are.@s close to each other as possible.

8.7.27.2 (Qalculate CIELUV colour space coordinates (see Tables 87 and 88)
u = 4x 4x
© X|+15Y +3Z  —2x+12y+3
ey (108)
= 9y 9y
X+15Y+3Z —2x+12y+3
Table 87 — Calculate CIE 1976 UCS diagram coordinates
n= | u'Eslolour-n(CL-7) | V'Es,colour-i(CL=7) | Hlumination Object
1 Eg Colour 1, e.g. white
2 Eg Colour 2, e.g. red
3 Eg Colour 3, e.g. green
4 Eg Colour 4, e.g. blue
5 Eg Colour 5, e.g. 1st colour of the default colouf set
6 Es Colour 6, €.g. 2nd colour of the default colour set
m Eg Colour m, e.g. last colour of the default colour set
106
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L =903,3(Y/Y,) , when Y/Y, <0,008 856 (109)
u = 13L*(u'—u;)
v =131 (v =V,
Referen white (I n’“;w v;,) is-the—achromatic-white-cotour-that-theuset adapte to-
Usually reference white can be determined by:
v, 4 s
T
’ ’ ES
up Fug when ke Y £ white(CL-7)
vy Vs
(110)
Y, 5 Y gs white(CL-7) -
uy 3 ugs white(cL-7) { when Ts < Y s white(CL-7)
Vi F VEs,white(CL-7)
whefe Es, ug, and vg describe the design screen illumination.
This megdns that the evaluation is made with the highestiuminance white, which is likely to be in the viewing field of
the user;|either the white of the flat panel, or the white of a white object on the work table, depending oh which has
the highgr luminance. The former case is typical for-emissive LCDs, the latter for reflective LCDs.
If it is likgly that, in the intended use, the adaptive white will be something else than described by equation (110),
then the [, u v/ values of that white should be used in the calculations.
Table 88 — Calculate CIE 1976 CIELUV coordinates “ES”
n= | L'gs colour-n(CL-7) | 4FES)colour-n(CL-7) | V*Es,colour-n(CL-7) | Illumination Object
1 Eg Colour 1, e.g. referenge white
2 Eg Colour 2, e.g. red
3 Eg Colour 3, e.g. green
4 Eg Colour 4, e.g. blue
5 E Colour 5, e.g. 1st colour
s of the default colour set
6 E Colour 6, e.g. 2nd colour
s of the default colour set
E Colour m, e.g. last colour
" s of the default colour set

© ISO 2001 — All rights reserved
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8.7.27.3 Calculate the conformance assessment values

* * 2 * 2 * 2 2
s = (o) ') o) (1)
Calculate the Euclidean distance in the CIELUV colour space for all colour pairs. See Table 89.
Table 89 — Calculate AE;V for all colour pairs
4
2
3
4
5
6
L —1
m
= 1 2 3 4 5 6 m1 m
h,,, =4drctan v, _Vﬁ’ ] = arctan[v—*] , such that
U —up u
0°< k) <90° if v*>0 andu*z0
90°< A, <180° if v*>0 andu*<0 (112)
180°< fr,,, < 270° if v*<0 andu*<0
270°<|h,,, <360° if v<@sandu*=0
Calculate te hue-angle for all golours. See Table 90.
Table 90 — Calculate the hue-angle
= My Es,colour-n(CL-7) lllumination Object
1 Eg Colour 1, e.g. reference white
2 Eg Colour 2, e.g. red
3 Es Colour 3, e.g. green
4 Eg Colour 4, e.g. blue
5 Eg Colour 5, e.g. 1st colour of the default colour set
6 Eg Colour 6, e.g. 2nd colour of the default colour set
m Eg Colour m, e.qg. last colour of the default colour set

Use the same reference white as in 8.7.27.2 Calculate CIELUV colour space coordinates.

108
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8.7.27.4 Compliance
All values in Table 89 shall meet the requirement AE;V > 20.

All values in Table 90 should differ in value.

If 8.7.27.1.2 Alternative 2 using CIE 1931 tristimulus coordinates was used, then include individual uncertainty
estimates for all values of Table 89 and Table 90. Typically colours from the lower end of the visible spectrum (e.g.
blue) will have higher uncertainty estimates. See annex A for further guidance.

NOTE For limitations of AE,, see annex A.

8.7.28 $pectrally extreme colours

The appfopriate use of these colours is an application issues and can be evaluated by reviewing the intended
applicatigns.

NOTE The chromaticity coordinates (u’, v') of the default colour set have been measurédin 8.7.5, Tables 46 and 47.
8.7.29 Number of colours

This reqyirement applies only to flat panels for which a default charaeter set has been defined in accordance with
7.25.

The apprppriate use of colours is an application issue and can be evaluated by reviewing the intended gpplications.
8.7.29.1 | Simultaneous colour presentation
Count th¢ number of colours simultaneously presented on the display.

The numbper of colours should be < 11 for isotropic displays and possibly even less for anisotropic displays.

8.7.29.2 | Visual search for colour images
Count thé number of colours used(injany search based on colour discrimination.

The numper of colours should“be < 6 for isotropic displays and possibly even less for anisotropic displays.

8.7.29.3 | Colour interpretation from memory

Count th¢ number.of colours whose meaning needs to be recalled from memory.

The numper.of colours should be < 6.

If more than 6 colours are used, then an on-screen or an off-screen reference shall be available.

9 Compliance
Compliance with this part of ISO 13406 can be achieved either
by

a) meeting all mandatory requirements of 7 Design requirements and recommendations using the methods of
8 Measurements, or
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b)

by a positive result using the test method and associate mandatory requirements specified in an Amendment 1
to 1ISO 9241-3,

and including the information listed in clause 8.2.3 Supplier declared data in the user's manual (or equivalent) and
in any detailed product specification available to the public.

NOTE 1

NOTE 2

completely.

The test method according to Amendment 1 to ISO 9241-3 is appropriate for compliance route b) above.

The test method is intended for VDTs for which 7 Design requirements and recommendations cannot be applied

Mandatory

Compliance
system opti

Compliancs
although e
combinatio

equirements are identified by the presence of the word “shall.

shall be determined using the default parameters, e.g., character set(s), colour(s), configy
bns and operator settings.

with this part of ISO 13406 may depend on hardware, software and workstation elemg
ch such element shall be shown by its supplier to comply individually, the-parties using 3
of such elements shall be responsible for the compliance of that configuration.

The complignce report shall include the following information:

1)
2)

3)
4)

5)

110

supplig

details
charac

conditi
special

if comy
relevar

r's details (name and address, type numbers, etc.);

of equipment relevant to the test, its settings and_ ‘configuration, fixed and softwg
eristics, test conditions and test results;

bns of use;
requirements;

liance route b) is used, full details of the criteria used for the selection of the test subjects
t characteristics.

ration(s),

nts and,
ny given

re-driven

and their
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Annex A
(informative)

Colour difference calculation

A.1 Overview of 8.7.27 Colour differences using vector notation

The notalion in 8.7.27 proved difficult to follow for some readers. Since what we are dealing with are‘veftors, these
can alterpatively be expressed using the following vector notation:

Any giveh vector V; is defined as {Xy, Yy, Zy}, where X, Y, and Z are the tristimulus values, ahd
X=Wly)Y
Y= £ or L (can be luminance, illuminance, or flux)
Z=[(1=x-y)y]Y

Alternatiyely, ; can be defined as Sy(A1), the relative spectral powerydistributions over the range of wavelengths
A =360 nm to 830 nm.

Table A.1] lists the tables covering the procedures specified in.87.27.

Table A.1
Tables in 8.7.2Y
Procedure Alternative 1 — | Alterpative 2 —
Spectral Trigtimulus
1) Mepsure the screen in dark-room_conditions, D;. 75 81
2) Mepsure the screen with diffuse-illumination, I;. 76 82
3) Obtain a measurement of\the diffuse illumination by measuring the 77 83
luminance, E;, of the reflectance standard with diffuse illumination.
4) Calculate the reflective component of the screen with diffuse 78 84
illumination, R, = I, +.D.
5) Calculate the'screen luminance factor, U; = (R; &t q;/E}). 79 85
6) Assume.a design screen illumination (obtained from CIE 15.2:1986
Table 1|1 of Table 1.4), S.
7) If using the spectral power distribution method, convert T; into 80
tristimulus values using the method outlined in CIE 15.2:1986, section 3.1.
8) If using the tristimulus method, calculate the screen under the design 86
screen illumination, 7; = D; + S; Uj;.
9) Calculate the CIELUV colour space coordinates. 88 88
10) Calculate the conformance assessment values. 89, 90 89, 90
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A.2 Guidance on flat panel display colorimetry

Measurements of some flat panel display technologies (e.g. LCD) are much more complicated and difficult than
most other colour measurements because the display is anisotropic and it produces polarized light. Since many
other measurement areas do not need to consider the effects of anisotropy and polarization, this means that many
commercially available measurement devices and measurement methods cannot be used with such flat panel
displays without causing unpredictable measurement errors. For example, a device for which the manufacturer
states “low polarization error” is good enough in many other fields of measurement but might not be usable for LCD
display measurements.

CIE 53-19

2. Methods of characterizing the performance of radiometers and photometers can be

used as

guidance w,

For 8.7.27
obtain morg
spectrums
between th
spectral mg
methods c3
spectrum. §

The key is

together with test samples, including uncertainty calculations, before starting to issue test reports.

If an in-deq
calculationg
screen illum

hen analysing the suitability of a particular measurement device.

Colour differences, it was decided to primarily use spectral measurements and calculations ir
accurate results and uncertainty predictions. The main reasons were the problems of non-cq
bf flat panels and some laboratory light sources as well as problems arising from differences in
b design screen illumination and the laboratory light sources. These problems<do not disap
asurements, but they are easier to predict than for tristimulus measurements:’Furthermore, t
n produce errors if the matching with the x, y, z functions is not good/@nough over the whg
pectral devices can have weaknesses too.

bue is to make an in-depth validation of the measurement device’ and the laboratory light
th uncertainty study has been made, then it is also allowed to perform the measurementg

using the CIE 1931 tristimulus coordinates. Note that the*uncertainty will be a function of coloy
ination spectrum and laboratory light source spectrun

order to
ntinuous
spectrum
bear with
istimulus
le visible

sources,

and the
r, design

X, Y and Z @re approximations only. The more complex the;¢ealculations are, the more this approximation |will differ
from resultg§ obtained through spectral calculations. Thisis not so critical with emissive flat panel monitorg, but the
importance|increases for reflective and transflective displays.

For the spgctral measurements and calculations,-the bandwidth must be small and the wavelength range wide if
measuremgnt is to be accurate for any colour, type of display, design screen illumination and laboragtory light
source. In [most cases, different wavelength intervals, A4, than 5 nm and different wavelength ranges than
360 nm ... B30 nm can be used. AL 5nm-at 380 nm ... 780 nm is enough for most practical purposes and even
narrower wavelength intervals might(produce satisfactory results. Using a narrow wavelength interval wil| produce
errors for the colours which include, light from the ends of the visible spectrum (e.g. blue and red). See|CIE 15.2
Colorimetry|for more guidance,

A.3 Limitations of-the CIE colorimetry

The CIE oljective was to provide a “ . . . colour-difference formula for predicting the magnitude of the perceived
colour differlence between two given colour stimuli . . . ”. The experimental conditions were the following.

— Size of the colour difference: 1 to 10 units.

— Field size: 4 .

— Nature of the surround: uniform.

112

Luminance of the surround: 100 cd/m2 to 1 000 cd/m?2.
Chromaticity of the surround: CIE D from 5 500 K to 7 500 K.

Luminance of the sample: 5 % to 500 % of surround luminance.
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— Dividing line (between sample and reference): approaching zero width.

— Observers: perceptibility judges, without acceptability bias.
— CIELUV, AE;V has a number of limitations when applied to visual displays.

— Visual targets vary in size from 10' to 5° or more. For small targets, Au’ is much more important (up to 5 times)
than Av'.

— There is no obvious interpretation of the white-point requirement. For example, Y, is often user adjustable and
influenced by the magnitude and colour temperature of the screen illumination plus the scregn reflection
properties that can vary with viewing direction.

— All DT technologies have low spatial frequency luminance nonuniformity. ISO 9241-8)allows 1,7:1. In the
presence of luminance nonuniformity, the accuracy of CIELUV is reduced.

— CIELUV does not incorporate all salient variables.

— Itis pot valid for flashing or briefly presented targets.
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Annex B
(informative)

Flicker determination

B.1 Introduction

Flicker on flat panel displays is difficult to quantify. The method proposed here, extends the method.in arl\nex A of
ISO 9241-311992. Several flat panel technologies present issues that make psychophysical methods of defermining

flicker problematic. By extending this method to cover new issues, these problems can be avoided..The e
presented here take advantage of the linearity of the Fourier transform. The sum of added lumina

tensions
nce-time

functions cgn be treated one at a time, and the results added. This allows the luminance-time function to be
measured, rather than calculated from phosphor time constants. With these exceptions/there are no departures

from the original work.

NOTE The actual perception of flicker is known to vary between individual observers~and within an individual

observer.

Some of thepe variations are systematic. Flicker sensitivity decreases with age (between individuals) and with fatigjyie (for the

individual). The precision of any flicker method is subject to the characteristics of the subjects used in the underlying
In addition, the conversion of display luminance to retinal illumination requires afi assumption about the luminance

pupil response. In positive polarity displays, average display luminance and “adapting” luminance can be assumed
same. There|is some evidence that this is not true for negative polarity displays. Due to cross-coupling of photo recep

research.
hat drives
to be the
tors in the

eye, the correct value probably lies between the average and peak luminance. The average luminance is the worst case and is

used in this gnnex.

B.2 Analytic model

B.2.1 Principle

It can be predicted whether people will detect a homogeneously illuminated display appears to flicker or n
amount of gnergy in the temporal frequencies of the display (DeLange, 1961; Kelly, 1961, 1962, 1964; Far
1987). The first step in the method therefore, is to find out the amount of energy in the temporal frequencis
These numpbers are then compared.to the amounts of energies that people will detect as flicker, the
flicker threghold, Epreq - The departure from annex A of I1ISO 9241-3:1992 is that flat panels exhibit mor
luminance-fime functions thanprogressively scanned cathode ray tubes, so significant energy may exist 3
different frequencies. The .ihdex, » is carried from 1, at the fundamental repetition frequency of th
(generally, 10,5 times theyrefreshment rate is necessary on LCD panels), in integer steps until the f
exceeds 140 Hz. The observed energies may be calculated or measured. The energy at various frequ
learned by ¢xamining the Fourier transform of the luminance-time function.

If Eqps < Epjeq 8t every frequency then it is likely that people will not see flicker.

ot by the
rell 1986,
S, Eobs n-
predicted
b diverse
t several
e display
requency
encies is

If Eqns > Epred at any frequency then it is likely that people will see flicker.

B.2.2 Fourier coefficients

The average luminance of a luminance-time function, £{¢) is:

—aNN

f(¢)dt

1
COZ?

I
NS

(113)
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where
co, the zero Fourier coefficient, is the dark-room luminance averaged over time;

T is the repetition period of the luminance-time function. For progressively scanned cathode ray tubes, the
refreshment rate is 1/T. See B.5 for notes on the Fourier transform.

NOTE When measuring f{z) and using a fast Fourier transform, FFT, it is sometimes not appropriate to use FFT(v)q for cq
since this could lead to errors depending on the specific form of FFT used.

FFT(v)y is the 0 term of the fast Fourier transform of v.

v [is the list of measured samples of f(¢). The number of items in the list must be a power of 2 and ap integer number of
repetition times must be sampled.

The avelfage luminance, cq is calculated from dark-room measurements. Lg = gEs. In this-model, th¢ “adapting”
luminande, Lt used in converting cd/m? to trolands is cq + LR

The gengral coefficients are:

r
2 .
1 -2nint
I j ft)e 7 dt (114)
T
_r
2
where

¢, lis the nth Fourier coefficient,
i= [V-1
T |is the repetition time of £{z).

In the cage where f{z) is the sum of components, for example, red, green and blue, the coefficients can pe obtained
one at a fime and added.

M=

cod 2 co/ =Lt —Ly (115)
j=1
m
end D e (116)
j=1
2xlc..|
AMP, = ——— (117)
o

If there are m components, then:

leu| = \/I:Re(c,,)]z + [Im(cn)]z (118)

where AMP is a value between 0 and 2 that is identical to the term in ISO 9241-3.
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The frequency associated with AMP,,, £, is:

n
=—forn=1,2...
S T forn

while f, <120 Hz

AMP,

2xFFTOqJ
FFT(v),

(119)

(120)

When using
processed
frequency i
result.

B.2.3 Pup

The pupil a
for pupil arg

B.2.4 DC

the fast Fourier transform, the set of observations, v, forp =0 ... 27 -1 is sampled at frequengy, fs and

with FFT, where z is 6, 7 . . . The value AMP,, has a corresponding frequency n x fs/z~The [sampling

il
a can be simplified:

bq
Lt

p,451 84
D,160 32

he adaptation luminance = Ly_qark (€ps#D) + 91 (6D, ¢D) Es.

component

To calculatg the amount of energy in the temporal frequencies of interest.

a) Convert the screen luminance into units of retinal illuminance (trolands).

b) Calculs
c) The D(
DC = 4

te the pupil area, 4’from the formula (121).
[ componenbis:

1><Co

5 &k x 2%/T, where k=1, 2, ... The period of f(r) must be determined. Generally, £ =1 "yieldd the best

ea must be known to convert the luminance to trolands. The expressiob-n“annex A of ISO 9241-3:1992

(121)

B.2.5 Decistoncriteria

Energy ate

ach frequency is:

Eops» = DC x AMP,,

116

(122)
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