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Foreword

ISO (the

International Organization for Standardization) is a worldwide federation of national standards bodies

(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
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ed has the right to be represented on that committee. International organizations, governmental and
brnmental, in liaison with ISO, also take part in the work. ISO collaborates closely with\th
bnal Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Y%

bnal Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

n task of technical committees is to prepare International Standards. Draft International Standard
by the technical committees are circulated to the member bodies for voting, |Publication as ap
bnal Standard requires approval by at least 75 % of the member bodies casting)a vote.

L2

tional circumstances, when a technical committee has collected data ©fya different kind from thg
normally published as an International Standard (“state of the art”, for-example), it may decide by

U <N W

ve in nature and does not have to be reviewed until the data,it provides are considered to be n

—

is drawn to the possibility that some of the elements of this document may be the subject of pater
O shall not be held responsible for identifying any or all*'such patent rights.

D241-310 was prepared by Technical CommitteeASO/TC 159, Ergonomics, Subcommittee SC 4,
I consists of the following parts, under thesgeneral title Ergonomic requirements for office work with
5play terminals (VDTS):

1: General introduction

2: Guidance on task requirements

4: Keyboard requirements

5: Workstation layout and postural requirements

6: Guidance‘onthe work environment

9: Requitements for non-keyboard input devices

11. Guidance on usability

— Part 12: Presentation of information

— Part 13: User guidance

— Part 14: Menu dialogues

— Part 15: Command dialogues

— Part 16: Direct manipulation dialogues

— Part 17: Form filling dialogues
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ISO 9241 also consists of the following parts, under the general title Ergonomics of human-system interaction:
— Part 20: Accessibility guidelines for information/communication technology (ICT) equipment and services
— Part 100: Introduction to standards related to software ergonomics [Technical Report]

— Part 110: Dialogue principles

— Part 129: Guidance on software individualization

1+ Part 151: Guidance on World Wide Web user interfaces

-+ Part 171: Guidance on software accessibility

-+ Part 210: Human-centred design for interactive systems

-+ Part 300: Introduction to electronic visual display requirements

-+ Part 302: Terminology for electronic visual displays

—+ Part 303: Requirements for electronic visual displays

-+ Part 304: User performance test methods for electronic visual,displays

- Part 305: Optical laboratory test methods for electronic.visual displays

—+ Part 306: Field assessment methods for electronic-visual displays

—+ Part 307: Analysis and compliance test metheds for electronic visual displays

-+ Part 308: Surface-conduction electron-emitter displays (SED) [Technical Report]
-+ Part 309: Organic light-emitting diede (OLED) displays [Technical Report]

-+ Part 310: Visibility, aesthetics and ergonomics of pixel defects [Technical Report]
-+ Part 400: Principles and.requirements for physical input devices

-+ Part 410: Design-criteria for physical input devices

—+ Part 420: Sélection of physical input devices

—+ Part 910: Framework for tactile and haptic interaction

-+ Part'920: Guidance on tactile and haptic interactions

Ll £o11 H k. pu | i+
T TUNOWITTY pJdalto artc uriluct propydalativult.
— Part 143: Form-based dialogues

— Part 154: Design guidance for interactive voice response (IVR) applications

Requirements, analysis and compliance test methods for the reduction of photosensitive seizures and
evaluation methods for the design of physical input devices are to form the subject of a future part 411.
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Introduction

This part of ISO 9241 summarises information that ISO/TC 159/SC 4/WG 2, Visual display requirements,
collected on pixel defects and their impact on aesthetics and ergonomics during preparation of ISO 13406 and
other parts in the 1SO 9241 “300” subseries. It uses terms and definitions from [SO 9241-302 and
VESA FDPM!¥YL,

=

It is baged on research and reports that were available at the end of year 2005. The annexes~contai
informatfon upon which the Working Group could not reach consensus, as well as some additional informatio
collected during the year 2006, that did not undergo the same review and analysis process @as\the earlie
material

= =
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Ergonomics of human-system interaction —

Part 310:
Visibility, aesthetics and ergonomics of pixel defects

IMPORTANT — The electronic file of this document contains colours which are,considerdd to be
seful for the correct understanding of the document. Users should therefore consider printing this
document using a colour printer.
1 Scope
This part of 1SO 9241 provides a summary of existing knowledge @nyergonomics requirements [for pixel
defects in electronic displays at the time of its publication. It also gives guidance on the specification of pixel
defects, visibility thresholds and aesthetic requirements for pixel,défects. It does not itself give requjrements
related to pixel defects, but it is envisaged that its information,eould be used in the revision of othel parts in
the ISO 9241 series.
2 Terms and definitions
for the purposes of this document, the followingterms and definitions apply.
21
ixel
gmallest addressable spatial unit of adisplay that can show all the colours of the display
OTE 1 Typical pixel heights for single-user displays range from 0,05 mm to 0,40 mm. Multi-user displays vigwed from
d distance use bigger pixel sizes:
OTE2  Adapted fromAS0Q9241-302:2008, definition 3.4.29.
2.2
gubpixel
independently.addressable unit of a pixel, the smallest addressable unit of a display, used for spatial dithering
tp change eolour or luminance
[ISO 9241-302:2008]
24
pixel defect
pixels that operate improperly when addressed with video information
EXAMPLE A pixel addressed to turn black could remain white. If it never changes state, it is said to be a stuck pixel.
If it changes state without the proper addressing signal, it could be intermittent.
[VESA FPDM 303-6]
© 1SO 2010 — All rights reserved 1
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stuck on pixel
bright pixel on a black background

NOTE

A stuck on pixel can be observed using a black screen.

[VESA FPDM 303-6]

2.6

stuck off pixel

dark pixél on a white screen

NOTE
[VESA F

2.7
stuck di

grey pix
NOTE
[VESAH

238
defecti
complet

[VESA H
29

partial
pixels o
EXAMPL
[VESAH
210

tempor3

(sub)pix

NOTE
using a W

[VESA H

2.11

A stuck off pixel can be observed using a white screen.
PDM 303-6]
pixel
| independent of a white or black background
A stuck dim pixel can be observed using a white and then a black screen.
PDM 303-6]
column/row
column or row of pixel defects

PDM 303-6]

subpixels that have defective sub area of:defects

= Part of the pixel is stuck on or off.but the rest of the pixel works properly.

PDM 303-6]
| and intermittent defect
| defect that exhibits-temporal variations not related to any steady-state video input

Temporal defécts can be intermittent, exhibit a sudden change of state, or be flickering. They can be observefi
hite and/or a.black screen.

PDM 303-6]

defect ¢

luster

more than one defect present in a cluster of pixels of a defined size, e.g. 5 x 5 pixels

[VESA FPDM 303-6]

212

fill factor
amount of the area producing useful luminance compared to the amount of the area allocated to the (sub)pixel

[VESA FPDM 303-3]

© 1SO 2010 — All rights reserved
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213

mura

Japanese word meaning blemish that has been adopted in English to provide a name for imperfections of a
display pixel matrix surface that are visible when the display screen is driven to a constant grey level

NOTE Mura defects appear as low contrast, non-uniform brightness regions, typically larger than single pixels. They
are caused by a variety of physical factors. For example, in LCD displays, the causes of mura defects include
non-uniformly distributed liquid crystal material and foreign particles within the liquid crystal. Mura-like blemishes occur in
CRT, FED and other display devices.

[VESA FPDM 303-8]

3 Review of research

3.1 Detection of spots

3.1.1 General

Detection of spots is somewhat different to detection of spatially periodic'\targets. The vision resg¢arch on
gpatially periodic targets is more extensive than the research on spots. Fhe main factors affecting the visibility
af small spots are spot size, spot duration, interaction of size and dufation, the oblique effect, light adgptation,
Ipcation in the visual field and spatial uncertainty.

Reading research [25] showed that the human being has/three contrast channels suitable for [reading;
Ibminance contrast, Red-Green contrast and Yellow-Blué.econtrast. In normal reading, the signal from the
gontrast channel with the strongest signal is used and the two other channels are ignored. Since rg¢ading is
dependent on detection of character features, it canbe assumed that the same mechanism is valid| for spot
detection.

Effects of defect colour on spot detection can.thus be analyzed for the three contrast channels separately and
the spot will be visible if one or more of thejthree contrast channels produces a signal that exceeds|contrast
threshold.

3.1.2 Spot size

3.1.21 General

For small spots the visibility threshold decreases as the target area increases (spatial summation). There are
flve different types of_spatial summation to consider in the study of pixel defects: Piper's Law, Ricgo's Law,
$-cones and M- ,andL-cones.

$patial summation explains why stuck on defects on a black background are more visible than stuck off
defects on.a white background. On a black background the bright spot is summed with its black bagkground
and the_eontrast between the summed area and its background remains high enough to be visible. Ojn‘ a white
k

ackground the black spot and its bright surround are summed and the contrast between the summed area
nd’its background rapidly becomes less than threshold, when the size of the summed area increases.

© 1SO 2010 — All rights reserved 3
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Figure 1 — Spatial summation as a function of target size and adaptation level

bment (solid lines) and log-decrement (dashed lines) thresholds AL/ L, plotted as a function of log
diameter for several adaptation levels. Complete summation (Ricco's Law) is given by a slope of -3.
b of complete summation decreases as mean luminance level increases. The test stimulus was
diameter circle (3,6'min to 121,0 min) presented for 6 s on a 10° background. Adaptation level, L{
Fom 105 to 10Zcd/m2. Observers were 19 women, 19 to 26 years old with normal vision. Each freel
the background from a distance of 18,2 m, so that viewing was probably parafoveal for the thre
Haptation/evels. The test spot could appear at one of eight positions projected on the circumference
aginary:3° radius circle, and a spatial forced-choice detection task was used to estimate threshold.
d was taken to be the point at which the probability of a correct detection was 0,5, corrected fg

VW < - )

=

chance.
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Figure 2 — Summation at cone level or Ricco's law is represented by the solid line with a gradient
of —1

Log luminance (quanta/sec.deg? is a another method of expressing illuminance, similar to troland) as a
function of area for two different stimulus duration. Spatial Barlow's data from Lamming D., Spatial Frequency
Channels. Chapter 8. In: Cronly-Dillon, J., Vision and Visual Dysfunction, Vol 5. London: Macmillan Press,
1991. [http://webvision.med.utah.edu/]
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3.1.2.2 Piper's Law (probability spatial summation)

Piper's law applies to large-sized spots which are close to visibility threshold: It can hold for up to 24° in size in
the peripheral vision. The mechanism behind the summation is probability summation. It has been
mathematically shown that the probability of detection increases with the square root of the number of retinal
ganglion cells involved.

IA=k, (1)

where
I |is the intensity of the spot;
A |is the area of the spot;

kp |is a constant.
When cgntrast and brightness are high, Piper's law has no impact on pixel visibility analysis.

3.1.2.3 | Ricco's Law (neural spatial summation)

Ricco's |lpw describes effects of neural-level spatial summation. If, close(10 detection threshold a spot i
creating|an image on the retina that covers several photoreceptorsi(cone cells), ganglion cells can b
connectg¢d so that they receive stimuli from several photoreceptorsyand spatially integrate the signal fron
several photoreceptors.

- U U7

In the fqvea, the amount of spatial summation is small and meural spatial summation occurs mainly in th
periphergl vision field. In the fovea, spatial neural summation'can occur only up to 2' to 3'. In the parafoveg,
the summation can be up to 30'. For rod vision in the peripheral visual field, the summation can be up to 2{.
The amagunt of spatial neural summation is dependent.of the intensity of the stimuli.

W

IxU=k, Q)
where
I |is the intensity of the spot;

A |is the area of the spot;

kg |is a constant.

When cpntrast and-brightness are high Ricco's law has no impact on pixel visibility analysis, which i
demonsirated by the'fact that humans can, in good conditions, detect spots subtending as little as 0,5'.

U7

3.1.2.4 | Spatial summation in S-cones (PSF and spacing summation)

The S-cone is critical to the blue-yellow contrast signal. It has (for small spots) only a minor contribution to
luminance contrast and no contribution to red-green contrast.

The human resolution to spots with short-wavelength light contrast is determined by the spatial spacing of the
S-cones and the limitations of the optical system of the human eye (light scattering, chromatic aberration etc).
The characteristics of the optical system can be quantified as the PSF (point spread function) of the eye. The
spacing of S-cones in fovea is well aligned to the PSF for short wavelengths. The highest density of S-cones
occurs not in the centre of the visual field, but at an excentrity of 0,35° to 1°. The peak density is slightly
higher than 10 cones/°, which is equivalent to a spacing slightly denser than one cone per 6'. In the central
visual field there is a zone with no S-cones at all. The diameter of this zone subtends about 0,35°.

6 © 1SO 2010 — All rights reserved
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If the spot is smaller than the S-cones spacing, then spatial summation will occur within the photoreceptor.
When evaluating if the blue-yellow contrast of a spot exceeds visibility threshold, any spots or features smaller

than this spacing shall thus be spatially summed for an area of subtending approximately 6'.

3.1.2.5 Spatial summation in M- and L-cones (PSF and spacing summation)

The M- and L cones contribute to all three contrast channels. These cones have the highest spatial resolution

in the fovea of all photoreceptors and set the absolute limit for human visual acuity.

ha masins n a H of-one
HCTaxXT o v—anta = CoOne—aeromty s e o equrvarCrittO—a—Spatmg—oronc

,9". When evaluating if the luminance contrast or red-green contrast of a spot exceeds visibility thfes|
pots or features smaller than this spacing shall thus be spatially summed for an area ©f ‘su
pproximately 0,5".

CTOTICO

Q- o

3.1.2.6 Ricco's area

Ricco's area is the area (in the spatial frequency domain) where only partial summation occurs. The
hetween full and partial summation, as well as between partial and no summation depends on the wa
luminance and duration of the stimuli. For practical applications, Ricco's'-aréa can thus be consiq
dpproximative definition that adds uncertainty to any analysis of spot detection. See Figure 2.

The uncertainty of Ricco's area also explains some of the differencestbetween reported research findi
3.1.2.7  Spatial summation: Summary
Vhen analysing spot visibility, the effect of spatial summation needs to be considered. For fovea vi

\
gpatial width of the summation will be at least 0,5 and ‘at the most 2’ to 3’ for luminance contrast
green contrast and 6’ for blue-yellow contrast.

1.3 Spot duration
\Vith lower average luminance, the maximum detectable frequency decreases towards about 40 Hz.

donstant:

Ixt=kg

Where

1 is thédntensity of the spot;
t «is'the duration of the spot;

kg is a constant.

oa M and | ~ana Aoy ES Gbcut 120 r\r\nr\ollo which o nnni\vlnlnn{— to-a cnanina ~Af cone per

hold any
btending

broader
elength,
ered an

ngs.

sion, the
and red-

The highest detectable temporal frequencytis slightly above 100 Hz, but for practical applications abouit 80 Hz.

For frequencies higher than 10 Hz Bloch’s law is valid, according to which the luminance times the dyration is

©)

For frequencies less than 10 Hz, the detection threshold is unaffected by the frequency.

3.1.4 Interaction of size and duration

Within Bloch’s law and spatial summation according to Ricco’s law and cone level spatial summation, the
summation effects are additive. At lower spatial and temporal frequencies no simple relationship exists.

© 1SO 2010 — All rights reserved
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3.1.5 The oblique effect

At horizontal and vertical orientations, elongated targets have lower thresholds than round or square targets.

3.1.6 Light adaptation

The literature and popular literature about contrast dynamics state contradictory ratios for maximum contrast
dynamics, e.g. 2,5:100, 1:100 and 1:1000. These are not in conflict with each other but refer to different
reference situations.

For the

assumed, extending from 1,5log units below adaptation luminance to 1,5log units above adaptatio

luminan

Thresho
0,1 cd/m
0,1 cd/m
luminan

kn
For

The sizg
adaptati
explain

neighbo

purpose of this Technical Report, a normal luminance dynamics range of 3 log units in total

L2

=

e.

d for light spots is dependent on the adaptation luminance. For adaptation luminances less thap
2, the adaptation luminance has no impact on visibility threshold. For adaptation luminances betweep
2 and 10 cd/m?, there is an increasing dependency on the adaptation luminancg. For adaptatio
es above 10 cd/m?, Weber’s law is valid:

=

A C)

is the intensity of the spot;
is the intensity difference threshold for detection;

is a constant.

normal usage situations k=100

of the area determining the luminance adaptation is not covered in this report. Local luminanc
bn occurs concurrently and contindeusly for different areas of the field of view and could partiall
why a certain spot luminance can’ be clearly visible against a background, dimly visible in th
irhood of other patterns and ndét.at all visible within the other luminance pattern.

W< W
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Figure 3 — A psychophysical model of detection thresholds over the full range of vision; source: [26]
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Figure 4 — Cone responses vs. Stimulus at various background intensities; source: [30]

d effect of light adaptation is the impact on visual acuity. The visual acuity improves with highg
bn luminance up to about 300 cd/m? (for young adults, the level increases with age).
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Figure 5 — For recognition tasks, visual acuity is greatly affected by the level of backgroynd
luminance

Two branches are evident, the lower belongs to the rod (scotopic) function and the upper to the cone
(photopic) function.«Note the asymptote for both indicating the maximum visual acuity (arrows). Tlhhe cone
kranch has a long"linear" range of about 3 log units which asymptote at the photopic level of about 30 cd/m?2.
The shallow curve at low luminances is due to the rod response and the large sigmoidal curve is djie to the
gone response: The horizontal arrow identifies the maximum resolution of rod and cone systems. Konlig's data
from Riggs L. A., Visual acuity. Chapter 11. In: Graham, C. H. (ed), Vision and Visual Perception. New York:
John Wiley and Sons, Inc., 1965. [http://webvision.med.utah.edu/]
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gure 6 — Shaler, S. (1937) The relation between visual acuity and illumination; source: [31]
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luminance); Blackwell (1946, 1971) from http://arrow.win.ecn.uiowa.edu/

Figure 7 —The relation between threshold contrast and background luminance (adaptatiTn
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Figure 8 —The relation between thréshold contrast, background luminance and visual angle of target
xposure time unlimited; Blackwell (1946), part Ill. from http://arrow.win.ecn.uiowa.edu/

3.1.7 (ontrast adaptation

Contrasf adaptation is.a not so well-known effect which might impact spot detection. It could partially explai

- ¢
W< =

of the adaptatlon luminance can be perceived, human belngs do not have that resolutlon ava|lable in the
whole luminance range at the same time, but only in a small window, around the adaptation contrast.
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Note that the low contrast response function on the left is ideally suited to.detect differences in|contrast
hetween 2 % and about 25 %. But for contrasts above 25 % the neuron can gnly respond at its maximum level.

Key
contrast in %
response

Figure 9 — Example contrast response functions with low (left curve) and high (right curve) cpntrast
adaptation levels; source: [27]

3.1.8 Spatial uncertainty

For spots that are close to detection thresholdy the detection threshold decreases if the user knows the spatial
Ipcation of the spot. (Uncertainty about the intensity or contrast does not decrease detection threshold]

~

3.1.9 Spot colour

In some reports a dependency.on spot colour has been reported. This dependency can more o1 less be
attributed to the differences imuminance or luminance contrast.

Gordon Legge et al [28], showed that the human being has three contrast channels suitable for |reading;
lbminance contrast, (Red-Green contrast and Yellow-Blue contrast. In normal reading, the signal from the
gontrast channel with the strongest signal is used and the two other channels are ignored. Since r
q
q

Contrast'is perceived through three channels: achromatic (luminance), Red-Green and Blue-Yellow.
detection, the detection is based on the channel with the highest contrast and the channels which
o i i . ; i i = contrast
channel is not as good as the luminance channel, and will not be as efficient in detecting pixel defects
appearing as small spots.

Summarizing, for practical application, it can safely be assumed that the colour will influence pixel defect
detection only through the luminance contrast created by the colours.
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3.1.10 Conclusions

Spot detection depends on several factors described above. For the context of electronic visual displays
(currently available technology) the following factors seem to be the most important:

— size of the spot;
— contrast of the spot;

N adaniafir\n luminanca
tatOR—THHHAGHRGE-

Differenges between positive polarity and negative polarity pixel defects are fully explained by the difference i
light adaptation level and contrast (see Figure 1).

=]

Thus th¢re seems to be no need to define different requirements for positive and negative polarity, if th
requirements are defined as a function of both contrast and adaptation luminance.

Y%

3.2 Visibility of pixel defects

the hypdthesis that for stuck on pixel defects on a black background the luminance times the area is constan
This is the effect occurring from both Ricco's law and from photoreceptor-level spatial summation. He als
identified several factors that influence the experimental conditions; i.e. factors that need to be included in
model fgr pixel defect visibility threshold:

Yoshita%:a [9] reported a study on the spatial summation related to pixel defect visibility threshold. He verified

WU

a) display factors:

— |colours (wavelength);

— |viewing angle characteristics;

— |background luminance;

— |reflectance;

— |fill factor.
b) test pubject factors:

— |visual characteristics.such as visual acuity.
c) envifonment factors:

— [screen illuminance;

— |viewing distance;

— viewing angle.

Strik [10] reported a study on the perception of subpixel defects in displays. The display was a typical
advanced mobile phone display. This means a smaller display size and a smaller pixel size compared to
earlier studies. Also the impact of ambient reflections on the display is different from fixed-position larger
displays.

NOTE 1 At the time, high-end mobile displays had a pixel size of 0,15 mm to 0,30 mm. The report should not be
interpreted outside of that context.
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Strik and his colleagues draw the following conclusions, which are valid only for the display characteristics that

the test display had:

a) experts have a significantly lower pixel defect detection threshold than non-experts;

b) defects covering two or more neighbouring pixels will always be noticed by users. (The stroke width of the

test display was one pixel);

c) green subpixels will be noticed by end users;

d) stuck-off blue subpixels are not visible for most viewers;
@) red subpixels are almost invisible for non-experts;

f)  a better controlled study is needed to find a numeric acceptance threshold. At least luminance,
and ambient illumination need to be controlled.

bwinkels et al [11] conducted a well-controlled visual perception study, as a ‘eontinuation of the

eported by Strik, with the aim of establishing a numeric visual detection threshold. The results they
vere compared with existing models of vision and they were able to establish‘a numeric model for br
efect detection on black background, based on numeric addition of-the effects from spatial sur
daptation luminance and Weber's law.

107 /L, 1
:—2+Lbk oLy
tan® a 100

Q. QO <= S (N

th

Where

Ly, is the threshold luminance for pixel defect\detection;
Ly is the luminance of the background-of the pixel defect;

o is a the visual angle subtended’by the pixel defect, in degrees.

IOTE 2 In the experimental condition the adaptation luminance was equal to the background luminance. |
ituations the adaptation luminance is the local average luminance around and including the pixel defect. Thus
brm in the equation should probably be L

— (N ==

adaptation®
The model has the fallowing known limitations:

-+ The modelas been validated with data from only one experiment and that experiment was ca
only with bright pixels on a black background.

+ The-model is valid for healthy, young adults with normal vision. For older people and for ped
vistal disorders the threshold luminance will be higher.

ixel size

fesearch
pbtained
ght pixel
hmation,

(®)

n real-life
the third

rried out

ple with

— T e modetpredicts onty theworst tase pixetdefectvisibitity, e a singte pixetdefectimaknowr

location

on a spatially uniform background. In real-world situations the background is usually spatially non-uniform
and there are usually ambient reflections on the screen and some amount of glare in the visual field of the

user. All of which increase the threshold for pixel defect detection.

— The model does not include the change in visual acuity as a function of adaptation luminance.

The data by Swinkels et al has been correlated both to the model proposed by Swinkels et al and to the

contrast thresholds predicted by the simplified contrast sensitivity function by Barten [7], see 3.1.1.
and the correlation indicate that both models predict pixel defect detectability equally well.
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s rcorrelation coefficient is 0,996 for both equations. The contrast is defined as the luminanc
e (spot — background) divided by the background (adaptation)Juminance.

w

Swinkel's data
Swinkel's equation

Barten's equation

10 — The correlation of the Swinkels and Barten equations to the Swinkels et al empirical data

ected that the Barten model can be more widely applied to different pixel defect cases, such a
pixel defects. No explicit validation has however been made. The larger number of parameters in th

v

en & Lindfors 2005] [12] asked their test persons to rate pixel defects on a 9-point scale. For th
Ised, all types-of pixel and subpixel defects were visible in negative polarity, whereas in positiv
stuck off lowcontrast subpixel defects were very close to imperceptible; and all types of pixel defect
se to imperceptible at the lowest tested amount of pixel defects (covering 0,02 % or less of the tota
rea).

-_ U7\
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Rating results are plotted as a function of the display area (%) that the defects cover. Visibility of pixdl defects
was assessed with 9 point scale labelled as follows: 1 = vefy annoying, 3 = annoying, 5 = slightly annoying,
1 = perceptible, but not annoying, 9 = imperceptible. Each:data point represents the average overl|five test
qubjects and error bars are standard errors of the mean.*Logarithmic trendlines are added.

Key
percent of display area that the faults cover.
visibility of pixel defects
I reference
stuck off low contrast,subpixel
stuck off high contrast subpixel
I stuck off pixel
o stuck off pixel (2 x 2)

Figure-11 — Subjective evaluation of stuck off defects on white background and stuck on defg¢cts on
black background

For techniques used in medical displays to make visible pixel defects non-visible, see 3.4.2.
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3.3 Aesthetical acceptability of pixel defects

3.3.1 Japan-Korea study 2004

Hisatake et al [13] studied the user patience limit for pixel defects with 4 typical contents on a 15 inch display,
4 typical contents on an 8 inch display, 4 typical contents on a 4 inch display and 5 typical contents on a
2,2 inch display. The contents were non-identical over display resolution. The visual angle subtended by one
pixel was non-identical over display resolution. The luminances were not recorded. Thus the results cannot be
used for establishing a model for pixel defect visibility, if the criteria for a model established by Yoshitake [10]

- WU

A concqpt of R-values was introduced by Hisatake et al. The patience limit (how many defects can b
accepted in a display) is defined as a numerical value times the coefficient R. R is a function of at least paneg
size, viewing distance, display resolution and application area. Some tables of R-values have been published.
Since the model includes only some of the parameters affecting aesthetical acceptability, then R-value has nqt
been acgepted as a general model for aesthetical acceptability.

Y%

In [Mustpnen & Lindfors 2005] [12] or [17] the test subjects were asked to tate the subjective comfort relate
to the Visible pixel defects. The questions were asked after the test subjects had performed a visua
performgnce test with random-character pseudo-text in positive and negative polarity using the procedure i
ISO 924{1-3. The threshold for reduced subjective comfort was 0;01*% for black background and 0,6 % fd
white background, where the percentages describe how large pertion of the total display area is covered b
pixel faults.

X S O =

3.4 Erngonomics limits related to pixel defect

3.41 General office use

[Mustongn & Lindfors 2005] tried to replicate;the non-published research and understanding that lay behin
the pixel| defect limits of the original text for'ISO 13406-2. They conducted a visual performance test with
high number of repetitions in controlledilighting and viewing distance conditions. The test users performed th
ISO 924{1-3 visual performance testTin a reference condition free of pixel defects and with a logarithmicall
increasinng number of pixel defects until significant performance decrement could be observed. The test wa
repeated in both positive and™negative polarity. The test was repeated with different pixel defect sizeq,
average|luminance levels and-{uminance contrasts.

U <KW ALl

The ordgr of effects frof pixel defects in normal reading tasks was identified:
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Key

number of faults

amount

number of detected faults

reduction of subjective reading comfort
reduction of reading speed

number of reading errors

DGO DY

\ relation between reading speed and the.amount of pixel defects was found. It was found that the dg

ize of pixel defects. The contrast of\the pixel defects did not have a significant further impact on the

<= (0 (0 _—h 3

vas amazingly high.

© 1SO 2010 — All rights reserved

Figure 12 — Relation between detection threshold, comfort, reading sped and reading errors [17]

pendent

bctor is the total area covered by pixehfaults, not the number of pixel faults. This expression is valid for any

reading

peed once the contrast was clearly’ above the visibility threshold. The threshold for performance rfeduction
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1 1SO 13406-2 fault classes

Figure 13 — Reading speed as|a function of total area of pixel defects [17]

3.4.2 Nledical use

Den Bogr et al [19] report that displays used for medical applications have a typical pixel defect density (i
number [of pixel defects) of 0,001-%. They report that for medical applications this pixel defect ratio can b
eliminated in image processing-by nearest neighbour interpolation without compromising the need to reac
equal qyality with traditional¥film-based X-ray images. This was reported for a display with 0,155 mm pixel-tg
pixel distance.

(=A==

[y am <o, tu——;

pixel defect was significantly reduced in all cases and in most cases the pixel defect became totaIIy invisible.
Based on their experience with medical displays the authors believe this is a sufficient solution even for the
most demanding medical applications.

22 © 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=09aff8915f3bb117227dc3c3ff4a17c1

4

4.1

ISO/TR 9241-310:2010(E)

Review of standards

ISO 13406-2, Ergonomic requirements for work with visual displays based on flat
panels - Part 2: Ergonomic requirements for flat panel displays

411 Origin and intent of the fault class table

The rationale behind the pixel defect classes of ISO 13406-2 has not been clearly documented. The following
is an account of the creation of the fault classification.

)

Q)

[l
~

)

In 1992 the Working Group ISO/TC 159/SC 4/WG 2 "Visual display requirements" totally redefined

fault classification. The new classification established in 1992 is included in Table 1. The rationale for
dlasses has been researched by reviewing ISO/TC 159/SC 4/WG 2 documents from 1992 and-by intsg
members present at the meeting at that time. The rationale was the following:

industry, the-following companies and organisations participated in the creation of the following tab

At that point instime, the pixel fault requirement was completely rewritten to reflect the state of the 3
[
$harp, Toshiba, Hitachi, IBM and EIAJ.

the document was being prepared as an annex to ISO 9241-3, the scopg, \of which was li
alphanumeric text presentation;

ergonomics was considered strictly according to the definitions of ISO 6385 and the scope of ISG

the pixel
the four
rviewing

Mmited to

9241-3.

The then current state of the art was considered to meet all known lergonomics requirements with great

margin, e.g. X-ray image analysis was not included in the scope;
in addition to ergonomics requirements, the Working Grodp knew about aesthetic requirem
commercial requirements, which were more stringent than‘ergonomic requirements. They were,
considered to be outside the scope of this ergonomics standard;

current state of the art in display manufacturing was represented by class C;

class D was simply defined as 10 times more” pixel faults than class C, the number 10 had
background. It was included since class D was considered to still meet all ergonomics requirem

nts and
owever,

ho other
ents and

thus introduce some margins for manufacturers and because 1SO is committed to avoid the intjoduction

of unnecessary barriers to technical innovation;

class B was simply defined as 4/10the amount of pixel faults as in class C, the number 1/10 had
background;

in 1992 it was not conSidered to be realistic to mass-manufacture LCD displays with less fa
represented by classB;

class A was defined as "zero errors".

no other

hlts than

rt. From
e: NEC,

© 1SO 2010 — All rights reserved
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Maximum number of faults per type per million pixels.

Table 1 — Fault classes

Class Type lor ll Type lll Cluster
A 0 0 0
B 5 50 0
C 50 500 5
D 500 5000 50

Flat panels should be in class A.

NOTE 1
NOTE 2

causes

Prault * Pforegroun

Class C panels are considered state-of-the-art today. All classes are useful in most applications.
The required fault level contains large margins for protection against usability issues. The probability that g
faulty pixgl is a foreground pixel is about 0,05. The probability that a foreground pixel is critical to usahility (e.g. that if
he incorrect identification of a character) is a number in the 104 range. The Yjoint probability
d * Peritical 1 in the order of 109 even for class D.

Thus thg original intent of the table in ISO 13406-2 was twofold: to reflect current state-of-the-art (class C) an
to communicate that even a high number of pixel faults is not detrimental to usability or performance.

When analyzing this status it has to be kept in mind that class C was(state-of-the art and the state-of-the a
pixel siz¢ was big; 0,4 mm x 0,4 mm or larger. Pixels and subpixels were big enough to be visible.

4.1.2 Hinal version of ISO 13406-2

Maximum number of faults per type per million pixels.

Table 2 — Fault classes in ISO 13406-2

==

Class Type 1 Type.2 Type 3 Cluster with Cluster of type 3
more than one faults
type 1 or type 2
faults
I 0 0 0 0 0
| 2 2 5 0 2
Il 5 15 50 0 5
\Y/| 50 150 500 5 50

Flat panels should benin class I. If not, the supplier shall specify the class of the display.

24

© 1SO 2010 — All rights reserved



https://standardsiso.com/api/?name=09aff8915f3bb117227dc3c3ff4a17c1

ISO/TR 9241-310:2010(E)

Table 3 — Fault types in ISO 13406-2

Fault type Description

Type 1 fault Pixel in stuck high state

Type 2 fault Pixel in stuck low state

Type 3 fault Pixel or subpixel abnormal, but not of type1 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
block of pixels.

)

IOTE This is an abbreviated version of the full table in ISO 13406-2.

1

At time of finalization of ISO 13406-2 in 1998, state-of-the-art of displays had a few faulis per millig
[he pixel size studied was 0,3 mm x 0,3 mm and bigger.

.1.3 Deployment of ISO 13406-2

.1.3.1  Approval

h the authority approval industry ISO 13406-2 has been important. Most current display certification
equire compliance to the ISO 13406-2 pixel defect requirement, 4o receive the approval.

IOTE The European CE label and the Swedish TCO label _do not require compliance with the ISO 134
efect requirement, whereas for instance the German GS mark and the US AAPM label require compli
hformation on GS see www.zls-muenchen.de. For information on AAPM see www.aapm.org.

1.3.2  Quality control and quality assurance

n pixels.

schemes

6-2 pixel
nce. For

h 100 % inspection ISO 13406-2 is generally not used. In random inspection both 1ISO 13406-2 a

ot possible to differentiate between fault types within a reasonable time or with a reasonable a
perator effort. A third factortis that the manufacturing industry had already adopted differen
ssurance and technical specification methods, which the new ISO standard did not replace.

.1.3.3  Sales and-marketing

Dn the desktop/display market ISO 13406-2 is the recognized requirement for pixel defects. Manu
nay e.g. publish-the pixel fault classification for each model.

.1.3.4 >~ Research and development

he_pixel fault definitions in ISO 13406-2 did not become generally adopted in the industry as

d other

nethods are in use. Some factors affecting the choice of method are: Faults like mura are not|covered
50 13406-2, but still need to be controlled in display manufacturing. The ISO subdivision into faul{ classes
oes not fit well enough into vision based manual inspection tasks. In most existing inspection procedures it is

ount of
t quality

facturers

echnical

nnr\rﬁr-chr\ne 'Fr\r rhc-nla\l components—or—displav—modules- IQ('\ 13406-2—is—a parl- nF the n:sq

lirement

Spe

uuuuuuuuuuuuuu

specification in the offlce computing industry. One reason is that faults like mura are not covered in
ISO 13406-2. Another reason is that the subdivision into fault classes does not correlate well enough with
either the technological reasons for the defects or with the methods used in research and development for
visual inspection of display samples. A third reason is that industry had already adopted different quality
assurance and technical specification methods.

© 1SO 2010 — All rights reserved
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4.2 1S0 9241 300-series
ISO 13406-2 was revised and partly replaced by ISO 9241-307. This International Standard follows the main

lines of ISO 13406-2 and it is expected that it will have the same impact on industry, market and authority
approvals as ISO 13406-2.

Table 4 — Table 183 "Number of faults" from ISO 9241-307

Classpixel Type 1 Type 2 Type 3 Cluster with more Cluster of
- thanone-type-tor—r—type-3-faults
stuck high stuck low type 2 faults
0 0 0 0 0 0 0
| 1 1 2 1 0 0
(for Type[3 = 1 1 1 3 0 0
5PSU
1 1 0 5 0 0
Il 2 2 5 0 0 1
(for Type|3 = 2 2 5-1x%xny 2 xny 0 1
10 PSY)
2 2 0 10 0 1
1] 5 15 50 0 0 5
(for Type|3 = 5 15 50 -1 x%ny 2 xny 0 5
100 PS
00 ) 5 15 0 100 0 5
\Y] 50 150 500 0 5 50
(for Type|3 = 50 150 500 -1 x ny 2% Ny 5 50
1000 PSU)
50 150 0 1000 5 50

The follgwing notes refer to table 4, column 4, Type 3.

NOTE 1 Faults that are below visibility thresheld are not considered.

w

NOTE 2 For ergonomics performancgethe number, size and contrast of blemishes and pixel faults shall not exceed th
threshold|for performance decrease.

w

NOTE 3 | For reading tasks @-display in any of the pixel fault classification classes (0 -1V) will be well above th
threshold

NOTE 4 These fault elasses consider

&8

a) thatporight sub\pixel faults are perceived more sensitive than dark sub pixel faults. Therefore pixel faults are weighte
in Pérceived-Sensitivity Units (PSU), where

1 Tvnae 3 ctiick hiah foault — 2 DS |
I Fype-3-stuckhigh-fault=21
— 1 Type 3 stuck low fault =1 PSU
Therefore different combinations of Type 3 faults in ClassPixel I, Il, 1ll and IV are possible:

b) that for smaller displays < 9,1* (23,1 cm) in predominant the pixel density is higher and less sensitive as for bigger
displays >9,1” (23,1 cm) with less pixel density,

c) aclass definition, that addresses primary the acceptance levels of the users and their related tasks, were for example
the classes can reflect the following contexts,
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1) Classpixel 0, for special video display unit tasks with a very high sensitivity and importance to minimize risks in
the information perception, like inspection of critical information in processes or critical process indicators with a
high risk of wrong decisions and process inherent errors;

2) Classpixel |, for specific video display tasks with high sensitivity and special importance to pixel faults, like
observation, surveillance, image quality inspection tasks with less risks to inherent faults in the case of reading
and observation errors;

3) ClassPixel ll, for general user display tasks with a sensitivity to pixel faults, like reading and process text
information, perceive object and symbol information with a sufficient reading performance to operate the task;

4) ClassPixel lll and ClassPixel IV, for display tasks with less sensitivity to pixel faults, likeprocess public
information and advertisement, text book reading, fast moving images, but with a sufficient] performance to
perceive the information without discomfort by the user.

NOTE 5  Related ergonomics performance criteria with the threshold values of defects for visibility and diffefent tasks
gre under investigation. Please observe Technical Reports and annexes to this standard.

IOTE6  Type 3 faults are including dim pixels of 25 % < Lx < 50 % (dark), 50 % sdx.< 75 % (bright), where Lx is the
verage pixel response to a maximum luminance command (e.g. white). Intermittent/pixels or blinking pixels are fated with
PSU’s. The weighting of the PSU is indicated in front of the multiplier nClassPixel af Type 3 faults.

DN Q) =

IOTE 7 Multiplier nciasspixel can vary with the PSU and can take n;= 1 to 4, njj = 1 to 49, ny= 1 to 499. If not fault class,
lassPixel 0 or | the supplier shall specify the fault class, ClassPixel as well as the multiplier nciassrixel depending on the
pecified distribution of PSUs.

(o =

NOTE8  Maximum number of faults in addition is calculated asfollows:

gd) for displays < 9,1 (23,1 cm) with > 1 million pixels: maximum number of faults per type per million pixels;
k) for displays < 9,1 (23,1 cm) with < 1 million pixelsinumber of faults per display;

q) for displays < 9,1“ (23,1 cm) with < 100 000-pixels: number of faults per type per 100 000 pixels;

d) for displays < 9,1 (23,1 cm) with < 10000 pixels: number of faults per type per 10 000 pixels.
Compared to ISO 13406-2, 1ISO 9241-307 introduces new finer distinction between fault types. Since quality
ssurance of manufacturingsprocesses and end users were not able to efficiently do the fault type
lassification of ISO 13406.2, this new addition will only impact labs with advanced equipment for pixel defect

(

Q

gnalysis. The limit values-of the classes have been changed and have become more strict, basefl on the
ALARA principle (as Jow. as reasonably achievable) based on the product maturity level of LCD displdys in the
q
M
I
V
I

ffice computer market. The new limits are not based on published and validated research reslits. The
pvision also introduces a new calculation parameter, called PSU. The changes from ISO 13406-2 to
50 9241-307 are not based on the research reviewed in this technical report. This technical report was
vritten after\the finalization of the technical content of the pixel defect requirements of 1SO 92414303 and
S50 9241:307.

Between 1998 and 2005, the state-of-the-art of LCD technology improved considerably. The smallgst pixels
gvailable in_commercial consumer products have a pixel-to-pixel distance of 0,08 mm and a sulbppixel-to-
subpixel distance of less than 0,03 mm. These pixels are so small, that single subpixel or single pixel defects
might not be visible even in worst case conditions.

The error rate in high end LCD displays (medical field, year 2005) is 1 non-functional transistor per 3 Million
pixels. In consumer products, error rates as high as one non-functional transistor per 5000 pixels are
common and fully accepted by users. Such displays would be in class IV if all the defects are visible. When
promising new technologies for rollable and ultraportable displays reach the market in 1105 years, it is
expected that the number of pixel defects will rise even further. Some displays won’t meet class IV if both
visible and non-visible pixel- and sub-pixel defects are counted. The number of defects will grow because
less-mature display technologies will initially have more faults, and because of the switch to flexible
electronics. The flexible products will be more suspectible to errors and wear-out during operation.
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4.3 International Electrotechnical Commission (IEC)

IEC has produced a standard series — IEC 61747 — covering LCDs. It has been intended to include pixel defect
and mura error classification in this series but at the time of writing (2005) no such drafts had yet been published.

4.4 Video Electronics Standards Association (VESA) Flat Panel Display Measurements
(FPDM)

The VESA FPDM document (2001) contains several sections related to pixel defects.

Section
but not @

Section
defines

Section

defines the measurement and specification methods.

Section
methods

5 Re

51 G

The matuirity of LCD technology has developed considerably when it.comes to pixel defects, as shown in Figure 14.

B03-8 of the VESA FPDM document (2001) is an extensive section on
for Mura defects.

yiew of industry practice

bneral

303-6 of the VESA FPDM document (2001) is a measurement specification technically identical with
overing all of ISO 13406-2. The details and concepts are described in an easy to read fashion.

B03-6B of the VESA FPDM document (2001) is an extension of the cluster concept of ISO #:3406-2. |t
lustering to the extent to make it suitable for automated measurements.

B03-6C of the VESA FPDM document (2001) Introduces a new concept about defect separation ang

measurement and specificatio

=
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Figure 14 — Display size and defect density in LCD displays in the years 1980 to 2000; source: [32]
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In 2005, state of the art high end displays for medical use have one defect transistor per 3 million pixels.
[Tom Kimpe, Stefaan Coulier and Etienne Dorval. Solving the Problem of Pixel Defects in Matrix Displays
based on Characteristics of the Human Visual System. In Proceedings of EuroDisplay 2005, Edinburgh,
Scotland, pp 822 — 84.] Consumer products might have as much as 1 defective pixel per 5000 pixels and still
be accepted by users. Some future technology products are expected to have even more defects and still be
acceptable on the market. This is possible for technologies (such as rollable displays) which do not compete
in terms of cost or image quality, but in terms of unique end-user value-adding features that are not possible
to create with conventional display technology.

52—Technical specification
W ITTOUALTOITTY

In the display industry, the technical specification of pixel defects and mura is widely based on| existing
qutgoing inspection methods and quality statistics from the outgoing inspection.

5.3 Specification for end customers

bpecification for consumers used to be very limited or non-existent, but has improved recently and npwadays
LIl pixel fault specifications are available for at least leading display brands. In the past it happened that the
alesman gave the impression that the display was fault-free, even if somewhere in the user's mantal there
vas a sentence or a reference that allows the manufacturer to have a' small number of pixel|defects.
S50 13406-2 was then wrongly used as an excuse to for claiming fault-freeness even with a few pixel fdefects.

— < (N _—h N

h the high end professional market (medical displays) where a, pixel defects can be critical it is pommon
ractice among some companies to screen every display befare delivery to the customer and give @ map of
vhere the pixel defects are located. The intention is to make thé radiologist aware of where the pixel defects
re so that the doctor can take that into account when judging an electronic X-ray image.

Qs S5 —

5.4 Outgoing inspection

(Qutgoing inspection at manufacturing plants is.widely based on manual, visual inspection by trained gperators.
The inspection sequence can, for example, proceed as follows:

— with the display in full black state, the-number of bright defects and dim defects are counted;
— with the display in full white state, the number of dark defects and dim defects are counted,;

— if any of the four sets of defects exceed the quality limit, the display is not accepted but sent to the quality
department for furtherjudgement.

In order to detect only-defects that will be visible to end users, the inspection can be carried out in cpntrolled
llghting conditiops.and the display might be viewed through a neutral density filter to adjust the sensitivity of
the detection.

In the year 2005, automated testing inspection is not used very widely. In the microdisplay industjy and in
displays:with very small pixel number automated inspection is more widely used. (This is used in are%:s where
v
[

isual, inspection is not possible and areas where automated inspection is more efficient than visual
hspection.) Since 2005, the availability of automated inspection systems has improved.

Summarizing; the limitations of what is practical and feasible in outgoing inspection is heavily affecting all
industry activities and efforts in the area of pixel defects.

© 1SO 2010 — All rights reserved 29


https://standardsiso.com/api/?name=09aff8915f3bb117227dc3c3ff4a17c1

ISO/TR 9241-310:2010(E)

5.5 Incoming inspection

Incoming inspection is performed by large companies, such as system integrators or distributors, when
receiving displays from display manufacturers. The industry trend is to do only final random inspection or no
incoming inspection at all. When the total number of samples to inspect is small, then laboratory methods, like
ISO 13406-2 are used, especially in the desktop display industry. Large-scale inspection is almost entirely
based on manual, visual inspection. The inspection is sometimes further simplified compared to outgoing
inspection. For higher grade displays, the criteria in the inspection can be that the display is set aside if any
type of defect is detectable within, for example, 15 s. Those displays set aside are separately analyzed by a
quality team

For spetial markets, 100 % incoming inspection can be made and the customer can even receive a. pixe
defect map (medical X-ray imaging).

6 lllustrations and descriptions of pixel defects

Figure 15 — lllustration of the difference in spatial dimensions of total pixel defect area in positive and
negative polarity
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The fill factor will impact the effective size. In negative polarity the effect will be cancelled by spatial
summation. In positive polarity the effect can be significant for visibility threshold.

The size of a stuck on subpixel fault on a dark background is the “addressable size” of the subpixel times the
“fill factor” of the subpixel. The size of a stuck off subpixel fault on a bright background is the “addressable
size” of the subpixel divided by the “fill factor” of the subpixel.

Figure 16 — Subpixel defect in a transflective LCD in dark
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Figure 17 — Subpixel defect in a transflective'LCD in ambient lighting

Figure 18 — Subpixel defect in a transflective LCD in dark
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i

Figure 19 — Cluster of partial subpixel defects in a transflective LCD in dark, full white screen

Figure 20 — Cluster of partial subpixel defects in a transflective LCD in dark, full black screen
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Figure 21 — Non-pixel-related defect in a transflective LCD
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Annex A
(informative)

Overview of the ISO 9241 series

ISO/TR 9241-310:2010(E)

The annex presents an overview of the structure of ISO 9241. For an up-to-date overview of its structure,

g

J

.
A
A

1ISO 9241 series

ubject areas and the current status of both published and projected parts, please refer 10:

Table A.1 — Structure of ISO 9241 — Ergonomics of human-system interaction

[he structure reflects the numbering of the original ISO 9241 standard; for example, displays were originally
Part 3 and are now the 300 series. In each section, the “hundred” is an introduction to the-section; forjexample,
Part 100 gives an introduction to the software-ergonomics parts.

Part Title
1 Introduction
2 Job design
11 Hardware and software usability
20 Accessibility and human-—system interaction
21-99 |Reserved numbers
100 Software ergononiics
200 Human-systentinteraction processes
300 Displays«and display-related hardware
400 Physical input devices — Ergonomics principles
500 Waerkplace ergonomics
600 Environment ergonomics
790 Control rooms
900 Tactile and haptic interactions
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Annex B
(informative)

Pixel defect industry and market status 2005

The current quality level of pixel defects is dependent on market segment and technology. This annex briefly

describ

standards.

In the medical display market, the displays are mostly class 0, but also class | can be found. Class-Q display
are basgd on 100 % screening of manufacturing.

In the cgnsumer TV market, class | is most common. Individual products can be class 0 too but'manufacturer
do not usually guarantee class 0.

In the ¢
likely it

perfectly
guarantg

In the m
static th4

acceptalple than in other areas.

In the i
requiren

For new

definitions of ISO 9241, a display might formally get'a bad class rating but might appear better, and vice vers

In such
and app
new typ¢
situation

the currently avallable quality level expressed In the terms used In the 150 92471-5UU series._ g

mputer display market, classes | and |l are most common. The smaller the pixel size is, the mor
s that the market accepts a less good class. This is natural since the SO 9241 definition is ng
linked to pixel defect visibility. Individual products can be class 0 %00 but manufacturers do ng
e class 0.

obile device display market classes | and Il are most commen,Since the user interfaces are mor
n in computer and consumer TV markets, there are areas of the screen where pixel defects are mor

hdustrial markets, classes 0, I, Il and Ill can be_Afound, depending on the specific needs an
ents of the task.

technologies, all classes (0 to I1V) can be found. For new technologies, that do not fit so well into th

cases, the class rating is not useful for.quality judgement. In other cases the class rating can be bad
bar bad, but the product might still be'acceptable on the market, since the technology might enable
e of task or device interaction, which'is not possible with conventional display technologies. In suc
5 users tend to accept a less good pixel defect quality rating.

f

)

—~ e~ \U 192)

W

o
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Annex C
(informative)

A draft of a model for acceptable pixel level

C.1 General

The relevant ISO working group has not reached full consensus about modelling the acceptable pi
The working group decided to include both proposed models as an annex.

cceptable pixel defects and size of display. On the contrary, the data shows that/standard visual
nodels accurately predict how the number of average acceptable pixel defects,changes as a fu
ontrast and defect size. There seems to be a strong relationship between<average number of ag
ixel defects and the ratio between defects contrast and threshold contrast forwisibility.

o o T o Wi S o L W |

Contrast is being defined as the percent contrast between the luminance’ of the defect and the local
[bminance.

C.2 First model based on data by Hisatake et.al

For the purpose of amending ISO 9241-307, the following model was developed and was proposed tq
note 7 of that standard. Maximum number of faults is calculated as follows:

g4) Fordisplays > 9,1" (23,1 cm): maximum nurmber of faults per type per million pixels.

B) For displays < 9,1" (23,1 cm) with >250 000 pixels: maximum number of faults per type per
pixels.

q¢) Fordisplays < 9,1" (23,1 cm)'with < 250 000 pixels: maximum number of faults per display.

C.3 Second modelbased on data by Hisatake et al

C.3.1 General

The best available research data is the Hisatake et al results reported at SID 2005 [13]. The full data
by the secdretariat of ISO/TC 159/SC 4/WG 2 Visual display requirements and is available for future re

\When these data are analyzed, the relationship is very strong and independent of the size of the dis

el level.

[here is insufficient proof for any of the proposed generic simple numeric correlations between nymber of

contrast
hction of
ceptable

average

replace

250 000

s stored
search.

play, the

viewing distance etc. The contrast-to-threshold-contrast-ratio explains all variation, as long as the s

hme test

image is compared.

In the Hisatake et al [13] data, there is an additional variation between test images, a "shift leftwards
log-plot of the data.

in a log-

This left-right-shift seems to depend on the screen content and can either depend on the masking effect
caused by the content or be caused by the fact that the actual local average luminance values were not

recorded, but predicted.

The shift might also be caused by limitations of the Swinkels et al [11] equation.
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Further study of the Hisatake et al data can possibly provide an explanation of this other correlation.

At this point, a general formula can be presented for the average acceptable number of pixel defects:

N=a-R”
where
N is the average number of acceptable pixel defects
R |is the ratio between pixel defect contrast and visibility threshold contrast (calculated with ‘the
Swinkels et al equation)
a |is a constant with a value of approximately 2000 to 20 000 depending on the content or.depending
on the local average luminance (see above)
b |is a constant with a value of approximately 2.4 to 2.8
At this gtage, with the aid of the Hisatake data, the general equation is already-useful for manufacturersg,

consumer organizations and test houses.

Itis, how
range of

C3.2 E

Hisataksg
excluded
known.

The earl
found in
related t

1%

ever, important to compare the general equation with data from othéer research in order to validate th
values for constants a and b.

arlier data from Hisatake et al

v

et al made a prestudy which was less rigorously controlled but had some test cases which wer
from the final study. From the pre study, the extreme values (not only the average values) are als

o

er data from Hisatake et at thus shows more: variation, but supports the same type of correlation ap
the final study by Hisatake et al. This also’illustrates the need for careful control of any experimer
D pixel defect acceptability.

—
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C.3.4 Analysis of the Hisatake and Lee data

Key
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Figure C.2 — Analysis of data from Hisatake et al (SID 2005)
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