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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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— Part 151: Guidance on World Wide Web user interfaces

— Part 154: Interactive voice response (IVR) applications

— 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 methods for electronic visual displays
— | Part 308: Surface-conduction electron-emitter displays (SED)

— | Part 309: Organic light-emitting diode (OLED) displays

— | Part 310: Visibility, aesthetics and ergonomics of pixel defects

— | Part 331: Optical characteristics of autostereoscopic’displays

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

— | Part 410: Design criteria for physical input.dévices

— | Part 420: Selection of physical input devices

— | Part 910: Framework for tactile and haptic interaction

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

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

When a person views a three-dimensional object, the lateral distance between the eyes provides
each with a slightly different retinal image. The fusion of these retinal images by the brain provides a
single percept with an associated sense of depth termed as stereopsis. Recent advances in the imaging
technology have created a notable increase in our chances of viewing artificially-created stereoscopic
images. The technology creates two different images, one of which is seen by one eye and the other by
the other eye. Their fusion results in the sensation of stereopsis.
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3

Terms and definitions

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

3.1
stereopsis
binocular, visual perception of depth or three-dimensional space

Note 1 to entry: See ISO 9241-302:2008, 3.3.40.
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3.2

binocular parallax
apparent difference in the position of an object as seen separately by one eye and by the other while the
head remains in a fixed position

Note 1 to entry: See ISO/TR 9241-331:2012, 2.2.1.

Note 2 to entry: Extent of binocular parallax of a point is equivalent to the optic angle between the visual axes of
both eyes when they are fixated on the point.

3.3

horizontgl disparity

difference|in the relative position of visual images of an object on the two retinas

Note 1 to ehtry: See 1SO 9241-302:2008, 3.5.26.

3.4

vergencelangle

angle between the visual axes of the left and right eyes

Note 1 to eptry: See ISO 9241-302:2008, 3.5.55.

3.5

accommodation

adjustmernt of the optics of an eye to keep an object in focus on the retifiaas its distance from the eye vaties
Note 1 to eptry: Accommodation can also be a process of adjusting the\focal length of a lens.

Note 2 to ehtry: Accommodation can also refer to an increase in thé’power of a lens of an eye.

Note 3 to ehtry: See ISO 9241-302:2008, 3.5.1.

3.6

visual gldbal motion

wide spatial range of visual motion composed gf different velocities and directions thatare systematicglly
aligned inja moving image

Note 1 to gntry: There are generally six¢ypes of visual global motion that correspond to the different typef of
motion of 4 camera during the shooting of images which are rotation around and translation along the pitch, ypw,
and roll axe¢s.

3.7

stereoscgpic display

display device or systemthat makes depth perception possible as a result of binocular parallax (3.2)
Note 1 to eptry: People perceive depth owing to the retinal disparity produced by binocular parallax.

3.8

stereoscgpic,image content

set of imagetiformationthatrestdtsinstereoscopicimages {39 whenshownonastereoscopicdispfay{3.7)
39

stereoscopic images
set of images presented on a stereoscopic display

3.10

stereoscopic presentation
presentation of stereoscopic images on a stereoscopic display

3.11

stereoscopic view
single sight produced as a consequence of fusion of left and right views of a stereoscopic presentation

(3.10) whi

2

ch induces stereopsis (3.1)
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3.12
interocular vertical misalignment
difference between vertical positions of the left and right views of a stereoscopic presentation

3.13
interocular rotational misalignment
difference between rotational positions of the left and right views of a stereoscopic presentation

3.14
interocular magnification difference
difference hetween appnarent size of the

ge¢metrical misalignment of the left and right views of a stereoscopic presentation ih¢luding interocular
venftical misalignment (3.12), interocular rotational misalignment (3.13), and interocular magnification

difference between the luminance values of the left and right views ef@stereoscopic presentation

difference between the luminance contrastvalues oftheleftandright views of a stereoscopic presentation

difference between the chromaticity values of the left and right views of a stereoscopic presentation

phptometric mismatch between the left*and right views of a stereoscopic presentation|including
interocular luminance difference (3.16),interocular contrast difference (3.17), and interocular chfomaticity

difference in distance infermation indicated by accommodation (3.5) and convergence stimuli df an object

Note 1 to entry: Accommedation-convergence mismatch can be produced when stereoscopicimages ar¢ presented
h depth plane (esg. stereoscopic display surface) which is well nearer or further from the viewers than where
d images are simulated.

arce'or range of distances between the viewers’ eyes and the screen of a stereoscopic display that is
designed for stereoscopic presentation II'

Note 1 to entry: Design viewing distance can be specified for both stereoscopic image content (3.8), stereoscopic
displays, and stereoscopic presentation.

4 Guiding concepts

4.1 Framework

To reduce the potential visual discomfort and visual fatigue experienced during viewing of stereoscopic
images, the recommendations in this part of ISO 9241 are established based on the review of the
factors (see 4.2) that are considered in terms of the stereoscopic optical stimulus of disparate images

© IS0 2015 - All rights reserved 3
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presented binocularly. Therefore, other standards specific to each type of stereoscopic image content or
stereoscopic display could be established by referring to this part of ISO 9241.

4.2 Review of factors

4.2.1 General

This part of ISO 9241 focuses on the major factors that have the potential to induce visual discomfort and
visual fatigue durlng v1ew1ng of stereoscoplc 1mages These factors listed below, have been emplrlcally
determln 129 i the

1) Interqcular geometrical differences: Interocular vertical misalignment, interocular cotatiopal
misal{gnment, and interocular magnification difference.

2) Interdcular photometric differences: Interocular luminance difference, interocular contrpst
differpnce, and interocular chromaticity difference.

3) Accommodation-convergence mismatch.

4) Other] factors to be considered for stereoscopic presentation: Intergecular temporal asynchrgny,
visua] motion-induced motion sickness, and vergence limits.

In establifhing guidance, the above-mentioned factors must be eonsidered in light of their level of
importange by reviewing the four items listed below.

a) Efficafcy of factor: The probability that a factor will cause visual discomfort or visual fatigue in the
viewelrs of stereoscopic images.

b) Inevitlability of factor: The extent to which the effect of a factor can be reduced especially when the
origir] of the factor might be related to the principle of stereoscopic presentation.

c) Accurhulation of scientific knowledge: Whether a sufficient amount of scientific data whiich
determine the relation between each of the'factors and visual fatigue, and/or discomfort, have b¢en
collected as well as their practical applicability to ergonomic guidance.

d) Availdbility of measurement methods: Whether measurement methods are readily available [for
assessing products.

In the following subsections; the major factors listed above (items 1 to 4) are reviewed in termq of
items A tg D.

4.2.2 Interocular geometric differences

4.2.2.1 [General

Interoculdr-geometric differences refer to the geometrical misalignment of the left and right vigws
of a stereoscopic presentation such as interocular vertical misalignment, interocular rotational
misalignment, and interocular magnification difference which are generally thought to induce visual
fatigue and discomfort. The geometrical misalignment of the left and right views of a stereoscopic
presentation is determined by the interaction between such differences in stereoscopic images and
stereoscopic displays.

4.2.2.2 Efficacy of factor

Even a relatively small interocular geometrical difference can easily induce discomfort and make
binocular fusion difficult.

4 © IS0 2015 - All rights reserved
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4.2.2.3 Inevitability of factor

Interocular geometric differences can be caused by misalignment of the left and right cameras in the
shooting of stereoscopic images and/or by misalignment of the left and right displayed images of a
stereoscopic display that does not present those images within the same spatial frame. The differences
can be reduced to some extent by making adjustments during the editing of images by adjusting devices

and by carefully setting the viewing conditions.

4.2.2.4 Accumulation of scientific knowledge

U d d
tal data have been collected which determine the relation between each.oft

asurements of stereoscopic image content can be performed by geometrical analysis by
ors of interocular vertical misalignment, interocular rotationalymisalignment, and i
mdgnification difference can be extracted separately as the factor of optical distortion
lens aberration (e.g. Hartly and Zisserman, 2004). Secondly, measurements of stereoscopi
caf be performed using generally available optical measurément devices.[30] Thirdly, mea
of ptereoscopic presentations can be performed by combining the optical measurements
stegreoscopic image and geometrical analysis of the image.

4.2.3 Interocular photometric differences

4.2.3.1 General

Interocular photometric differences refer to-the photometric mismatch between the left and rig
a sfereoscopic presentation such as thelinterocular luminance difference, interocular contrast
andlinterocular chromaticity differehice which are generally thoughtto induce visual fatigueand d
Photometric mismatch between,the left and right views of a stereoscopic presentation is dete|
thq interaction between such.differences in stereoscopic images and in stereoscopic displays.

4.2.3.2 Efficacy of factor

In
(e.

erocular photondetric differences might induce discomfort when present to a relatively laj
. see References [2] and [11]).

4.2.3.3 Inevitability of factor

An| interocular photometric difference can be caused by a photometric difference betweg

he factors

Preoscopic

hge content and stereoscopic displays or for final products of stereosgopic presentatiofs. Firstly,

which the
hterocular
raused by
c displays
urements
f a whole

ht views of
Hifference,
iscomfort.
rmined by

ge degree

n the left

andl ‘right cameras during the shooting of stereoscopic images and/or by a photometric

difference

between the left and right displayed images of a stereoscopic display. The difference can be reduced
to some extent by making adjustments during the editing of images and by adjusting the devices. Since
luminance, contrast, and chromaticity in a stereoscopic presentation are, in general, mutually related,
they generally cannot be manipulated independently.

4.2.3.4 Accumulation of scientific knowledge

There are few scientific data determining the relation between interocular photometric difference
and discomfort (e.g. see References [2] and [11]). A number of conditions can be considered as major
contributory factors such as the display size, the surrounding lighting conditions, and the duration and
frequency of the presentation of the factors.
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4.2.3.5 Availability of measurement methods

Depending on necessity and feasibility, measurement can be taken separately for stereoscopic
image content and stereoscopic displays, or for final products of stereoscopic presentations. Firstly,
measurements of stereoscopic image content can be performed by comparing the photometric results
obtained for corresponding points in the left and right image content. Secondly, measurements of
stereoscopic displays can be performed using generally available optical measurement devices,
whereas the measurements usually differ depending on the type of stereoscopic display. Thirdly, the
measurement of stereoscopic presentations can be performed by combining the optical measurements
of a whole stereoscopic image and comparing the photometric results obtained for the corresponding

points in theteftandr ight trages:

4.2.4 Interocular photometric interaction

4.2.4.1 [General

Interoculdr photometric interaction refers to unwanted photometric interaction; 'Such as crosstalk,
which affdcts the view in one eye through information about the image in the othey €ye.

4.2.4.2 Efficacy of factor

Crosstalk|is recognized as “a primary factor affecting the image{quality” of stereoscopic imjge
presentatjonl24] and might induce discomfort (e.g. see References [41]and [26]).

4.2.4.3 [nevitability of factor

Crosstalk|can occur in the capture, transmission, storage, editing, display, and separation stages, put
most of th literature focuses on the display and separation stagesl24] which can be the major stage$ of
crosstalk pccurrence. Crosstalk can be reduced to sonte extent by adjusting the devices.

4.2.4.4 Accumulation of scientific knowledge

Although trosstalk in stereoscopic image presentation has been widely studied (e.g. Reference [24] [for
review anfl References [11], [25], [26], [27], and [28]), the literature does not necessarily contain reports
about the| effects on visual fatigue-and discomfort. Moreover, the numerical range of quantitative
characteristics varies widely more-than tenfold among the literature and sometimes experimerjtal
condition§ relating to visual images, devices, and so forth, are not clear. The conditions of binocular
disparity jand contrast can_be Considered major contributory factorsl28l. For quantifying crosstdlk,
several methods have beefi-proposed. However, they are not necessarily perceptually relevant. Findlly,
crosstalk |s quantified by using various equations which might sometimes lead to miscommunicatiops.

4.2.4.5 Availability of measurement methods

Optical mpastirement devices can be used to measure crosstalk. In fact, measurement methods have
been repopted to use various optical devices.[24] However, the measurement methods differ by typg of
stereoscopic display (see ISO/TR 9241-331). The measurement methods using grayscale charts have yet
to be established for stereoscopic displays in which the crosstalk process is highly non-linear.

4.2.5 Accommodation-convergence mismatch

4.2.5.1 General

In stereoscopic presentations, when visual targets are simulated as being in front of or behind the
stereoscopicdisplaysurface, therecanbeadifference betweenthe distanceinformation ofaccommodation
and convergence. The factor of accommodation-convergence mismatch, thus, refers to a mismatch
between the accommodation and convergence stimuli and can possibly induce visual discomfort.

6 © IS0 2015 - All rights reserved
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4.2.5.2 Efficacy of factor

Discomfort associated with a large extent of simulated depth has been well established empirically and
has also been observed experimentally (e.g. see References [4], [5], [17], and [22]). Although there are
large individual differences in the effect of accommodation-convergence mismatch on discomfort, the
obtained results are basically consistent among the literature.

4.2.5.3 Inevitability of factor

Stereoscoplc displays included in the scope of this part of ISO 9241 in pr1nc1ple include this factor for
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Hepth of focus and fixation disparity respectively. Therefore, the effect of this factor can}y
some extent by reducing the simulated depth of visual objects from the stereoscopige,displ3

.5.4 Accumulation of scientific knowledge

ious experimental data have been reported for accommodation-convergence mismatc
ferences [1], [13], [15], and [21]). However, a number of conditions remain to be explor
h as the spatial distribution of simulated depth (especially in relation to edge violation)
iation, size, and duration of presented images.

.5.5 Availability of measurement methods

b measurements are performed basically for both stereoscopic displays and stereoscq

he display surface can be evaluated through optical'measurements and/or geometrical {
hge content.

.6 Other factors to be considered for stereoscopic presentation

.6.1 General

bre are other factors to be considered as well such as interocular temporal asynchrony, visu
uced motion sickness, and vergence limits. These factors are respectively defined as follo
poral difference of corresponding left and right images presented stereoscopically; (ii) vij
tion and other spatially wide ranges of motion that could induce motion sickness; (iii) th
gence which is the pointatwhich the visual axes of the two eyes diverge beyond the point of bei

.6.2 Interocular temporal asynchrony

.6.2.1 Efficacy of factor

erocular temporal asynchrony possibly raises multiple other factors such as interocular gg
| photometric differences.
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4.2.6.2.2

Inevitability of factor

Interoculartemporalasynchrony canbeinduced whentheleftand rightimages of stereoscopicpresentation
are not optimally synchronized. This asynchrony can occur in the capture, transmission, storage, editing,
display, and separation stages. It can also be reduced to some extent by adjusting the devices.

4.2.6.2.3 Accumulation of scientific knowledge

Basic experiments have been reported for interocular temporal asynchrony and visual motion-induced
motion sickness.
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4.2.6.2.4 Availability of measurement methods

Depending on necessity and feasibility, measurements can be performed separately for stereoscopic
image content and stereoscopic displays, or for final products of stereoscopic presentations. However,
the measurement methods of interocular temporal asynchrony are not yet established.

4.2.6.3 Visual motion-induced motion sickness

4.2.6.3.1 Efficacy of factor

Visually induced motion sickness, which can also be caused by traditional two-dimensional imaged, is
thought ta be enhanced by the stereoscopic images, though this has not yet been fully documented in
scientific ¢xperiments.

4.2.6.3.2 | Inevitability of factor

Dynamic yisual motion, which is thought to induce motion sickness, is independent of the principle
of stereodcopic presentation. Thus, visually induced motion sickness is not inevitably induced|by
stereoscopic images.

4.2.6.3.3 | Accumulation of scientific knowledge

The condjtions affecting visually induced motion sickness by stereoscopic images have not b¢en
fully repojrted on.

4.2.6.3.4 | Availability of measurement methods

The visual motion contained in stereoscopic images can-he measured. However, it is necessary to further
clarify thg conditions other than visual motion that produce visually induced motion sickness.

4.2.6.4 Vergence limits

4.2.6.4.1 | Efficacy of factor

Discomfoit is thought to be easily(induced by stereoscopic images that cause the visual axes of the
two eyes fo diverge beyond the point of being parallel. At the same time, there are thought to be lafge
individual differences in the dégnee of these effects.

4.2.6.4.2 | Inevitabilityoffactor

Condition under which the visual axes of the two eyes diverge beyond the point of being parallel ¢an
be caused|by the following: (i) maladjustments during the production of stereoscopic image content or
during stqreoscepic presentation using a projection method; (ii) stereoscopic presentation at a larger
presentatjon’size than that assumed during the production of the stereoscopic image content. This
factor canlbeteduced to some extent, by making adjustments during the editing of images, by adjusting

devices, and by adjusting settings for an appropriate presentation size.

4.2.6.4.3 Accumulation of scientific knowledge

Few reports in the scientific literature have covered the effects of the relative disparity that causes the
visual axes of the two eyes to diverge beyond the point of being parallel.

4.2.6.4.4 Availability of measurement methods

Measurements are performed for stereoscopic images that are presented on stereoscopic displays.
In general, it is rather difficult to consider the effect of this factor separately for stereoscopic image
content and stereoscopic displays. However, if a combination of conditions, such as the presentation size
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of stereoscopic image content and stereoscopic displays is considered, this factor can be estimated by
measuring the corresponding points in the stereoscopic image content and the stereoscopic displays.

4.2.7 Summary

The review of factors in 4.2.2 to 4.2.6 made it clear that the influence of various factors has been
examined to only a limited extent and that it is necessary to further investigate the effects of those
factors before numerical criteria for requirements and recommendations can be determined. In this
summary, the appropriateness of providing or not providing numerical criteria as reference information

is described below for each factor.

Th
du
thi
Th
thd
dis
to

e effects of interocular geometrical differences are relatively larger than the effects of ot}

5 factor is not an inevitable result of stereoscopic presentation and can be eliminated/to so
b factor can also be measured relatively, easily, and its effect on discomfort has’been r¢

scientific literature. Although there are various conditions to be further considered, bag
comfort induced by interocular geometrical differences have been reported.'It is therefor
etermine the numerical criteria for interocular geometrical differences,as reference infor

Int
of s
to

be
dif]

erocular photometric differences can readily induce discomfort. Thisfactor is not an inevit
tereoscopic presentation and can be eliminated to some extent. Although there are various

be further considered, basic data on discomfort induced by, interocular luminance diffey
bn reported. Therefore, it is possible to determine the numerical criteria for interocular

ference as reference information.

Crosstalk, a factor of interocular photometric interaction,is a primary factor affecting the im4
of §tereoscopic image presentation and can induce discomfort. Crosstalk mainly occurs in disy
andl can be reduced to some extent by adjusting*the devices. However, the reported char
of perceptual effects vary widely in quantitative terms, possibly because of the differen|
measurements (perceptual threshold, subjective image quality, and discomfort), different

quantification, different types of stereoscopic displays, and different visual image conditions (
comtrast and binocular disparity). Due to the variations, it is very important to clarify the eff
different visual image conditions and-display types before the numerical criteria can be dete

Various experimental data have, been reported for accommodation-convergence mism

b to the factthateven asmallinterocular geometrical difference can easily induce discomnifort.

jer factors
However,
e extent.
pported in
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e possible
mation.

hble result
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ence have
uminance

ge quality
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hcteristics
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ethods of
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atch. The

.[The effect

S from the

ppears to
be large 1nd1v1dual differences in the effects 1t produces and almost no experlmental data have been
reported regarding its effect on discomfort. It is therefore important to further examine the effect of
this factor before numerical criteria can be determined.

Based on the descriptions given above, for the items indicated with 'numerical criteria,” the numerical
criteria are then presented in Annex C and referenced in Clause 5. For the items indicated with ‘cautions,’
the precautions to be taken are presented in Clause 5.

Interocular geometrical differences

Interocular vertical misalignment - numerical criteria

Interocular rotational misalignment - numerical criteria
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— Interocular magnification difference — numerical criteria
Interocular photometric differences

— Interocular luminance difference - numerical criteria

— Interocular contrast difference - caution

— Interocular chromaticity difference - caution

Interocular photometric interaction

— Crosstalk - caution

Accommoflation-convergence mismatch - numerical criteria
Other factprs to be considered for stereoscopic presentation
— Interdcular temporal asynchrony - caution

— Visua| motion-induced motion sickness - caution

— Vergehce limits - caution

5 Ergopomic recommendations

5.1 General

This part pf ISO 9241 intends to reduce the potential for visual discomfort and visual fatigue induced in
the viewers who watch stereoscopic images in appropriate viewing conditions which are described in
Annex B. Therefore, the case where stereoscopic imagés happen to be viewed by a person who does hot
intend to ywatch the images is beyond the scope of this part of ISO 9241.

To reduce| the potential for visual discomfort;and visual fatigue during the viewing of stereoscopic
images, the provider of stereoscopic image,'content, stereoscopic displays, and the final productq of
stereoscopic presentation should evaluate the content described in 5.3, 5.4, and 5.6.

5.2 Viewing conditions

5.2.1 General

It is impoftant to congider the viewing conditions for stereoscopic presentations. In this regard, the
design vigwing distanee, the associated viewing size of the stereoscopic presentation, and the assumed
interpupilllary distance are important, not only in terms of the perceived extent of depth perception, put
also in terjms of-wisual fatigue and discomfort.

5.2.2 D¢ cign vinuring distance

The design viewing distance of a stereoscopic presentation is determined according to how stereoscopic
imageswillbeused aswellaswiththe conditions ofthe stereoscopic presentation such asthe presentation
size and resolution. For some types of stereoscopic displays, such as head-mounted displays, the distance
equivalent to the design viewing distance (i.e. distance to virtual screen [refer to ISO 9241-305:2008,
Figure 74]) can be used. The design viewing distance (or equivalent design viewing distance) should be
specified for stereoscopic image content and stereoscopic displays.

5.2.3 Interpupillary distance

For stereoscopic presentations, the extent of perceived depth can be affected by the assumed
interpupillary distance. Although a distance of approximately 60 mm is generally assumed, it should
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be taken into consideration that there are large individual differences in interpupillary distance[141[23]
and that the interpupillary distance of children and teenage individuals is generally shorter than that
of adults.14] For the adjustment of stereoscopic displays, such as head-mounted displays, the range of

dis

5.3

5.3.1

In

tances is described in ISO 9241-303:2011, Annex E.14.
Interocular geometrical differences

Interocular vertical misalignment

rocular vertical misalignmentis produced by the interaction between such vertical misali

onment in

ste

Fo1

po
mi

Fo1

reoscopic image content and in stereoscopic displays.

stereoscopic image content, interocular vertical misalignment is the difference between t
bition of the left and right images of each image frame. For stereoscopic displays, ihterocul
balignment is the apparent difference between the vertical positions of the left and’right dis

the numerical criteria used as a reference for interocular vertical misalignment of a st

he vertical
hr vertical
blay areas.

Preoscopic

pré¢sentation, C.3 should be referred to.

5.3.2 Interocular rotational misalignment

Interocularrotational misalignmentis produced by theinteractign betweensuchrotational misplignment
in $tereoscopic image content and in stereoscopic displays.

For stereoscopic image content, interocular rotational misalignment is the difference befween the
roffational position of the left and right images of each image frame. For stereoscopic displays, ifterocular
roffational misalignment is the apparent difference befween the rotational positions of the leff and right
digplay areas.

For the numerical criteria used as a reference\for interocular rotational misalignment of a st¢reoscopic
présentation, C.4 should be referred to.

5.3.3 Interocular magnification-difference

Interocular magnification difference is produced by the interaction between such magnification
differences in stereoscopic image content and in stereoscopic displays.

For stereoscopic image gontent, interocular magnification difference is the difference betweeh the sizes
of the left and right images in each image frame. For stereoscopic displays, interocular magnification
difference is the apparent difference between the size of the left and right display areas.

For the numerical criteria used as a reference for interocular magnification difference of a st¢reoscopic
pr¢sentatiomm€.5 should be referred to.

5.4 4Anterocular photometric differences

5.4.1 Interocular luminance difference

Interocular luminance difference is produced by the interaction between such luminance differences in
stereoscopic image content and in stereoscopic displays.

For stereoscopic image content, interocular luminance difference is the difference between the
luminance values of the corresponding left and right images in each image frame and can be expressed
as the difference between the luminance level of the left and right image content. For stereoscopic
displays, interocular luminance difference is the apparent difference between the luminance level of
the left and right display areas. For stereoscopic displays with glasses, interocular luminance difference
is considered to be the difference in luminance level in the display area as seen through the glasses.
For autostereoscopic displays, interocular luminance difference can be affected by the positions of the
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left and right eyes relative to the light ray distribution from the display and thus, can be affected by
interpupillary distance and viewing distance.

For the numerical criteria used as a reference for interocular luminance difference in a stereoscopic
presentation, C.6 should be referred to.

5.4.2 Interocular contrast difference

Interocular contrast difference is produced by the interaction between such contrast differences in
stereoscopic image content and in stereoscopic displays.

For steredscopic image content, interocular contrast difference is the difference between the lumifrafpce
contrast yalues of the corresponding left and right images in each image frame. For stereqscopic
displays, Interocular contrast difference is the apparent difference between the luminance | eontrpst
level (dynpmic range of luminance) of the left and right display areas.

Due to thefinterocular contrast difference in stereoscopic image content being affected by the interocular
differences in luminance, black level, and gamma characteristics, it is rathercdifficult to contfol.
Adjustments should be made to reduce the difference as low as reasonably achievable.

NOTE Monocular contrast is also an important factor that can affect visual fatigue. See the relevant sectipns
of ISO 9241-303:2011, 5.4.4, 5.5.2, and Annex D for the factor of monocular contrast.

5.4.3 Interocular chromaticity difference

Interoculdr chromaticity differenceis produced by the interactionbetween such chromaticity differenfes
in stereosfopic image content and in stereoscopic displays.

For stere@scopic image content, interocular chromaticity difference is the difference between fhe
chromatidity values of the corresponding left and right'images in each image frame. For stereoscopic
displays, ihterocular chromaticity difference is the apparent difference between the chromaticity valties
of the left pnd right display areas.

Because tlhe interocular chromaticity difference in stereoscopic image content is affected by the
interoculgr differences in luminance, black/ level, and gamma characteristics, it is rather difficulf to
control. Hhie and saturation should be adjusted to reducell6] the interocular chromaticity differencq as
low as reajsonably achievable.

5.5 Int¢rocular photometric interaction

5.5.1 Crosstalk

Crosstalkfis the condition in which the optical stimulus presented in one eye is contaminated by the
optical stmulus<préesented to the other eye in stereoscopic presentation. Crosstalk might not oply
reduce thp quality of stereoscopic image presentation and depth perception,[25]126] but might allso
induce dig
discomfor
made to reduce crosstalk as low as reasonably achievable.

5.6 Accommodation — convergence mismatch

In a stereoscopic presentation, the visual objects in the stereoscopic images can be perceived either in
front of or behind the surface of the stereoscopic display depending on the horizontal disparity which is,
in effect, a relative horizontal shift between the objects in the left and right images on the display. When
the horizontal disparity is defined as zero for an object whose position is simulated to be at the depth
of the surface of the stereoscopic display, the positive and negative values of horizontal disparity are,
in general, defined as follows: (i) the horizontal disparity in the simulation of an object in front of the
display surface is defined as a negative value; (ii) the horizontal disparity in the simulation of an object
behind the display surface is defined as a positive value.
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When visual objects with some degree of horizontal disparity are simulated in front of or behind the
surface of a stereoscopic display, the distance information of accommodation and convergence can be
different. When the difference in this distance information exceeds the insensitive region (i.e. depth of
focus and fixation disparity), the difference can be the factor in visual fatigue and discomfort. Thus, this
factor needs to be carefully considered.

It is thought that visual fatigue and discomfort might be affected by the duration of a certain extent
of horizontal disparity and by the spatial distribution and temporal variation of the disparity. The
horizontal disparity should be considered with respect to these possibilities. The possible effects of
horizontal disparity on visual fatigue and discomfort are described in C.7 in which numerical criteria
ar

o

rad £ £
lJl COUCIILCU TUT TUICTTTCIICT.,.

5.7 Other factors to be considered for stereoscopic presentation

Other factors to be considered for stereoscopic presentation are interocular temporal af
visjual motion-induced visual fatigue, and vergence limits.

ynchrony,

Interocular temporal asynchrony might influence interocular geometricaldnd photometric d
ing to pseudo-matching between the left and right images which~can induce visual f3
digcomfort (see D.1). To reduce the potential for interocular tempgral’asynchrony, maint
temhporal synchrony of two corresponding images in a stereoscopic.presentation should be c

fferences,
tigue and
hining the
nsidered.

Vidqual global motion and other visual motion that covers a wide area on a stereoscopic di

splay might
induce motion sickness depending on the conditions. Visualglobal motion depends on the ima:%e content

angl is generally caused by motion of the camera during théshooting of images that involve co

binations

of fotation around and translation along three axes namely pitch, yaw, and roll. The type$ of global

mdtion and their undesirable effects are summarizedin D.2.

ne value of
iewing an
separately
e percept.
bnce angle
g parallel,
e the two

The vergence angle is the angle between the visual axes of the left and right eyes (see C.7.1). Tl
thik angle is 0 °© when viewing an object at aniinfinite distance and is a positive value when v
ect at a shorter distance. When visual objects in a stereoscopic presentation are displayed
the left and right images, viewers converge both their eyes to fuse the images into a sing
hvergence demand is the vergence. dangle that is required for this fusion of images. A verg
h a negative value, which indicatesthat the two visual axes diverge beyond the point of beir
hot usually required under natural viewing conditions. Stereoscopic images that requiy
ual axes to diverge furtherbeyond that point should be avoided.

How to use the ergonomic recommendations

6.1 General

Fo1
dig

Preoscopic
iscomfort

developing products of stereoscopic presentation, stereoscopic image content, and st
plays, this part of ISO 9241 provides general guidelines for reducing visual fatigue and ¢

experienced during viewing of stereoscopic images.

followed.

6.2 Report

For reference purposes, the subclauses in 5.3, 5.4.1, and 5.6 are listed in Annex E.2. Users of this part
of ISO 9241 should evaluate the applicability of each subclause. If a product is claimed to have met
the applicable items in those subclauses of this part of ISO 9241, the procedure used in evaluating the
product should be specified.

Annex E provides an example of both determining and recording the applicability of all the content in
5.3,5.4.1, and 5.6 and for reporting that they have been evaluated. Other equivalent forms of reporting
are also acceptable.
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Annex A
(informative)

Overview of the ISO 9241- series

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

subject ar
ISO 9241-

The struc
originally

series.

£ds, d1d the current status or both published and projected parts, please refer to

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

fure reflects the numbering of the original ISO 9241 standard, for example, displays wgre
Part 3 and are now the 300 series. In each section, the “hundred” is an introduction to the
section, for example, 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 ergonomics
200 Human-system interaction processes
300 Displays and display-related hardware
400 Physical inputdevices — Ergonomics principles
500 Workplace ergonomics
600 Enyitenment ergonomics
700 Control rooms
900 Tactile and haptic interactions

14
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Annex B
(informative)

Viewing conditions

Genreral

reduce the potential for visual discomfort and visual fatigue while viewing stereQscopic images,
ropriate viewing conditions are important. It is useful for the providers of stereoscopic image content,
eoscopicdisplays,and final products of stereoscopic presentation to inform the viewérs of th¢ following

rmation regarding viewing conditions. Itis also important to be aware that refraction anom
n additional reason for visual fatigue and discomfort while viewing stereo$copic images.

Setting viewing position and posture

ilies might

generally assumed that stereoscopic images are viewed from“directly in front of a st¢reoscopic
lay. When stereoscopic images are viewed at an angle, it might be difficult to achieve st¢reoscopic

ception because of the resulting increase in the trapezoidal distortion of images. It is als
t stereoscopic images are viewed at a certain distance. If the viewing distance is sh

]: assumed
rter than

umed, horizontal disparity will increase, and if it is langer than assumed, the disparity wil] decrease.

h viewing distance that is triple the height of therdisplay area (3H, or 3 x height).[2] How

e of the experimental data that have been reported were obtained using high-definition inages and

¢ver, other

experimental data that were reported were based on a different viewing distance.ll1l Whatever the

vie

In
ho
ho
to

pr

B.B Confirmation of clear and appropriate stereoscopic depth perception|

dduces stereopsis.

wing distance might be, it is useful for viewer's to be informed of the assumed viewing distance.

this part of [SO 9241, for stereoscopic préesentation, the interocular axis of the viewers’ eyes and the
[izontal axis of stereoscopic images are assumed to remain on the same plane which ig usually a
rizontal surface. When the inter¢cular axis of the viewers’ eyes is inclined to a certain extept relative
the horizontal axis of stereascopic images, it may be difficult to achieve the binocular fusion that

If tthe viewer experiehces double-vision or does not experience stereopsis while viewing st¢reoscopic
impges, it is agpropriate that the viewer stops viewing the images and checks the setti
stereoscopic. iimage content, stereoscopic display, and viewing conditions. If the viewer eXperiences
digcomfort.while watching stereoscopic images, pseudostereopsis might have occurred in
leff and right images are reversed, thus, resulting in reversed binocular parallax. If the viewer finds that

ps¢udostereopsis occurs, it is advisable to obviate the cause of the pseudostereopsis or to sto watching
thd stéreoscopic images

ngs of the

which the

There are individual differences on how people experience stereopsis, visual fatigue, and discomfort
when viewing stereoscopic images. If the viewer does not experience stereopsis or feels discomfort even
while viewing appropriately adjusted stereoscopic images and displays, it is advisable to stop watching
the stereoscopic images.

B.4 Viewing period

Even when the conditions described in B.2 and B.3 are taken into account, a long period of viewing
stereoscopic images might induce visual fatigue and discomfort. Moreover, the presence of refraction
anomalies as well as other visual deficits might potentiate the induced visual fatigue and discomfort. If

© ISO 2015 - All rights reserved
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the viewer experiences visual fatigue, discomfort, or double-vision while viewing stereoscopic images,
it is advisable to take a break.
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Annex C
(informative)

:2015(E)

Numerical values to be considered for assessment of visual fatigue

and discomfort

C.

General

Anpex C provides the maximum values as reference values (or recommended yvalues) of

for
sh
of
rot

va
thd

viewing stereoscopic images with as little visual fatigue and discomfortas~possible.
wn as summaries of scientific data previously reported in the literature:égarding the
the factors of interocular geometrical differences (interocular verticahmisalignment, i
ational misalignment, and interocular magnification difference), intero€ular photometric

(inLerocular luminance difference), and accommodation-convergence. mismatch (see Table (

es are shown for each of the typical contexts of use based on the-experimental conditio

waltching a large screen in a small hall; (ii) watching a large display at home; (iii) working with

ma

W
ex
for

nitor; (iv) using a mobile display indoors.
enreferringto thereference values shown in this annex, the user of this part of ISO 9241 needs

each of the influential factors. For the experimental‘conditions, the duration of the presentat

the limits
They are
influence
hterocular
difference
.1). These
hs used in

studies from which the reference values are taken. The typieal contexts of use are as fpllows: (i)

a desktop

oreferthe

erimental conditions used in obtaining these values-in‘the literature. These conditions are symmarised

on of each

influential factor is also indicated. Since these durations are at least five seconds, it is acceptgd that the
stereoscopic images include influential factors that are presented within that range of duration.

NO[FE1 The reference values presented in«this annex are for the final products of stereoscopic priesentation.
WHen a part (stereoscopic image content;!stereoscopic display, etc.) of the final product has a vdlue almost
eqyivalent to the reference value, the totalvalues for the final products of stereoscopic presentation cgn be larger
than the reference value.

NO[TE2  One should be awarge-that the scientific data that are the basis of this part of ISO 9241 wefe obtained
primarily by subjective scoring which mightinsufficiently reflect the real use cases and actually induced|symptoms.
Table"€.1 — Factors presented with reference values in this Annex

Typical context of use
Watching Watching Working Using
Clause/subglause of this part of ISO 9241 | |arge screen | large display with mobile Page
in a small at home desktop display in
hall monitor aroom
Intlerecular geometrical difference
C3 Vertical misalignment X 18
C4 Rotational misalignment X 19
C.5 Interocular magnification X 19
difference
Interocular photometric difference
C.6 Interocular luminance X 19
difference
Accommodation - convergence mismatch
© IS0 2015 - All rights reserved 17
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Table C.1 (continued)

Typical context of use
Watching Watching Working Using
Clause/subclause of this part of ISO 9241 | |arge screen | large display with mobile Page
in a small at home desktop display in
hall monitor aroom
C.73 Horizontal disparity X X X

relative to stereoscopic 22
display surface

C.2 Imlge analysis method for interocular geometrical difference

When interocular geometrical differences are included in stereoscopic images, they existingeheral as the
combinatipn of interocular vertical misalignment, interocular rotational misalignment, and interocylar
magnificafion difference. Using geometrical analysis, they can be analysed and extracted separately as
an optical|distortion caused by lens aberration. An example of such analysis is described below.

When twg@ cameras shooting the left and right images are allocated at pojnts/O and 0’, as showr] in
Figure C.1, interocular vertical misalignment, interocular rotational misalignment, and interocylar
magnificafion difference can be formulated using arbitrary points X and RX’ on the imaging areas of the
two cameras at points O and O’, respectively.

Interoculdr vertical misalignment is expressed as:

oo ¢.1)

with

0 =ardsin (Xxn)

6’:ar:sin(X'xn) (d.2)
X'=R(1,0,0)"

where
n is a normal vector ofthe surface including the Y and Y’ axes;

X and[X’ are unit vectorsalong the X and X’ axes, respectively.

Interoculdr rotationalmisalignment is expressed as:

¥ -] (q:3)

with

Y =arc sin(Yxn)

¥’ =arcsin(Y'xn) (C.4)
Y'=R(0,1,0)"

where
n is a normal vector of the surface including the Y and Y’ axes;

Yand Y’ are unitvectors along the Y and Y’ axes, respectively.
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Interocular magnification difference is expressed as:

:2015(E)

k(f/z)+(f'/z’) (C.5)
where

k is a constant;

fand f* are the focal distances of the left and right cameras, respectively;

| 2 | 4l £ 4=l 1 odfie | L . = 1 £l - -

L dlIU 4 dl'T UCPLIID ITUIIT LIIT ITIU dIIU 1 lslll, CdlIlITI d5 LU TAUII UT UIIT uuaglug dl' Td.
For the formulae above, the assumptions are made as below:
— | the intersection point of the optical axis and image plane is at the centre of theimage frame;
— | the aspect ratio of a pixel is unity;
— | the angle between longitudinal and quadrature axes is 90 °.

ES
/
/
7/
7/
7/
/
//
X a4
/
o f
Y
Figure C.1 — Camera, positions and stereoscopic images

C.3 Interocular vertical misalignment
The reference value (or recommended value) for interocular vertical misalignment is as folloys:

For stereoscopic presentations on a large screen in a small hall, 30 arc min or less.
References [19] and’J-1M].
The experimentalconditions used in the references are shown below:
Ref Display” | Display Display Viewing |Diff. between Indices Duration |Exp. Lumiance |[[Lumiance
# type resolution |size distance |vergence and Env. of disp. of target

accommodation
19 HDTV 160 3H (597 03t001D Subijective Ref 10s - — -
inches cm) scoring Test10 s
[ai] LCD 1024x 170x 185 cm 14 to 31 arcmin |Subjective |Ref.3,5s, |[ina - -
768 pix 128 cm scoring Test5s dimly
lit
room
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Under the conditions of the design viewing distance of stereoscopic image content and the assumed
presentation size, interocular vertical misalignment of stereoscopic image content in the viewing angle
is expressed as:

2xarc tan(VMI/(2xDVDI)) (C.6)

where

VMI  isthe interocular vertical misalignment of stereoscopic image content, expressed in
meters, for the assumed presentation size;

DVDI| is the design viewing distance for stereoscopic image content, in meters.

Under th¢ condition of the design viewing distance of stereoscopic displays, interocular”vertical
misalignnjent of stereoscopic displays in the viewing angle is expressed as:

2xarc|tan(VMD/(2xDVDD)) (d.7)

where
VMD | is the interocular vertical misalignment of a stereoscopic display, expressed in meters;

DVDD| is the design viewing distance for stereoscopic display, in meters.

C.4 Interocular rotational misalignment

The refergnce value (or recommended value) for interocular rotational misalignment is as follows:
For stereoscopic presentations on a large screen‘ina small hall, 2 ° or less.

Referencef [19] and [11].

The experfimental conditions used in the references are shown below:

Ref. Display |Display Display Viewing |Diff. between Indices Duration |Exp. Lumiance |Lumianceé
# type resolution |size distarice |vergence and Env. of disp. of target
accommodation
[19] |HDTyY 160 3H (597 |0,3t00,1D Subjective [Ref.10s, |- - -
inchés cm) scoring Test10 s
[11] LCD 1024x 170 185 cm 14 to 31 arcmin |Subjective |Ref.3,5s, |[ina - -
768 pix 128 cm scoring Test5s dimly
lit
room

C.5 Interoeular magnification difference

The reference values (or recommended values) for the interocular magnification difference are as follows:

For stereoscopic presentations on a large screen in a small hall, 5 % or less for artificial images and
10 % or less for natural images.

References [19] and [11]
NOTE The ratio of the interocular magnification difference is expressed as the percentage of the difference

between the size of the left and right images relative to the size of the right or left image, whichever is larger.
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The experimental conditions used in the references are shown below:

:2015(E)

Ref. Display |Display Display Viewing |Diff. between Indices Duration |Exp. Lumiance |Lumiance
# type resolution |size distance |vergence and Env. of disp. of target
accommodation
[19] |HDTV 160 3H (597 |0,3t00,1D Subjective |Ref.10s, |- - -
inches cm) scoring Test10 s
[11] LCD 1024x 170x 185 cm 14 to 31 arcmin |Subjective |Ref.3,5s, |ina - -
768 pix 128 cm scoring Test5s dimly
lit
room
C.6 Interocular luminance difference
Thg reference value (or recommended value) for the ratio of the interocular luminanee difference is as
follows:

Re

NO
the

Th

TE 1

For stereoscopic presentations on a large screen in a small hall, 50 % orless

ference [2] and [11].

Theratio of the interocular luminance difference is expressed asithe percentage of the differen
luminance of the left and right images relative to the luminance of the tight or left image, whichever

e interocular luminance difference of a stereoscopic presentation can be obtained using the

100{(11(11413i )N —1)

ith

ILD; =1+|LCR; —LCL;|/LCLR;

where
I1 is the product operator-indicating the product of a numerical sequence;
i is the i-th correspending point pair of the left and right images;
N is the totalnumber of corresponding point pairs obtained for the left and right im
LCR; istheduminance of the right image of the i-th pair of corresponding points and th
imities’(see Figure C.2);
LCL; “is‘the luminance of left image of the i-th pair of corresponding points and their pr

(see Figure C.2);

ce between
s higher.

following:

(€.8)

(C9)

ages;

Pir prox-

pximities

LELR;; is either LCR; or LCL;, if the average luminance of the right image is higher than tlf

at of the

NOTE 2

left image, then LCR; is chosen and vice versa.

A local luminance difference caused by a difference in apparent shading between the left and right

views might be perceived as shining and might not induce discomfort as discussed in Reference [11], section 2.3.

The experimental conditions used in the references are shown below:

Ref. Display Display Display |Viewing |Diff. between Indices Duration |[Exp. Lumiance |Lumiance
# type resolution |size distance |vergence and Env. of disp. of target
accommodation
1] LCD 1024x 170x 185 cm 14 to 31 arcmin |Subjective |Ref.10s, |ina - -
768 pix 128 cm scoring Test10s |dimly
lit
room
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Ref. Display Display Display |Viewing |Diff. between Indices Duration |Exp. Lumiance |Lumiance
# type resolution |size distance |vergence and Env. of disp. of target
accommodation
2] Projector 150x 4,2 m Subjective |12s - - -
112 cm scoring

2
2
\ 7
8

S 3
[ T
| 7 |
| |
| |
| |
- | |
| |
5 L8 LT ]

| IPD |
[

1 corresponding point for right eye and left eye
2 image ffor right eye

3 image ffor left eye

4  virtually simulated point

5 lefteyg

6 rightelye

7  corresponding point

8 corresponding point and its proximity.

Figure C.2 —Pair of corresponding points and their proximities

C.7 Acdommodation — convergence mismatch

C.7.1 Vérgenceangle

The vergehee angle is the angle between the left and right visual axes which is expressed as:

o.=2arctan(IPD/2D) (C.10)

where

D  isthe distance from the nodal point of the eye along the midsagittal plane to the fixation
point, F, in space (see Figure C.3);

IPD is the interpupillary distance (see Figure C.3).
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C.7

Th
of
Fo1

front of the display surface. Whereas in point Q, which has:a horizontal disparity (a1-a3), it sin

dej

Figure C.3 — Convergence angle

.2 Geometry of accommodation-convergence mismatch

e corresponding point in a visual image that has a certain horizental disparity relative to t
W stereoscopic display simulates a point that is either in frontof or behind the surface of t
example, in Figure C.4, point P, which has a horizontal disparity («z-o1), simulates the d

pth, d’, behind the display surface.

Q

he surface
ne display.
epth, d, in
ulates the

Key

1

screen

Figure C.4 — Binocular disparity and accommodation-convergence mismatch

For a visual object in a stereoscopic image that has a certain horizontal disparity, the simulated
position is either in front of or behind the surface of the stereoscopic display. In this case, the distance
information for accommodation and convergence is inconsistent. For example, for point P, the distance
information for convergence is D-d, whereas the distance information for accommodation is generally
the distance from the eyes to the display surface, D. There are insensitive regions of accommodation
and convergence that appear as depth of focus and fixation disparity respectively, and there is virtually

© ISO 2015 - All rights reserved
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no potential for visual fatigue or discomfort in these regions. However, when the difference of the
distance information exceeds the insensitive region, that difference can be a factor that causes visual
fatigue or discomfort. Visual fatigue and discomfort possibly depend on spatio-temporal components of

stereoscopic information and the susceptibility of individual viewers.

C.7.3 Discomfort condition of accommodation-convergence mismatch

Several reports have offered subjective evaluations of visual fatigue and discomfort when the difference
in the distance information for accommodation and convergence becomes large to some extent.[31 [5] [10]
Theseresearchers Varled the dlfference inthe dlstance information for accommodatlon and convergence

by changl

pf a
nt.

nce
for

accommodlation and convergence is consistent. Within that plot, Percival’s zone of comfordis the middle

third of the region in which the distance information for accommodation and convergence provi

clear single binocular vision.[2] [91[14] Although there have been reports on the effé¢ts on discomfort

viewing djstance and duration of viewing,[2] the effects of temporal variation-of-the accommodati
converger|ce mismatch that exceeds the zone of comfort remain unclear. Considering the literature, i
suggested|that for stereoscopic presentations on a desktop monitor, on a large display at home, and
large screfn in a small hall, the horizontal disparity should be within + 1©J120]

o0

les
of
bn-
is
n a

Key

1 Dondefrs’ line

2 zone of clearsingle-binocular vision
3 Percivjl’s zone of comfort

X  vergencestimmuius D)

Y accommodation stimulus (D)

Figure C.5 — Donders’ line and Percival’s zone of comfort
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The experimental conditions used in the References [3], [5], [10], [12], [17], [18], and [22] are shown below:

Ref |Display Display Display |Viewing |Diff. between Indices Duration Exp. |Lumiance |Lumiance
# type resolution |size distance |vergence and Env. of disp. of target
accommodation
3] HDTV HDTV 32 1,2m 8 conditions Relative Subjective |- - -
master inches (3H) were prepared |vengeance scoring
monitor based on the limits after
CRT ratio of approx. 1h
individual observ.
ability for
vengeance
u CidLiVU
vengeance QD
limits) (\'\
. N\J
[of 921 600 10,4 0,5m +0,5° Accommodation | 80 s per - ,Cl/ 4,40,8
pix inches session x 5 q/' cd/m”"2
sessions (')\q
[5]] Volumetric 1920 x 22,2 31,1; 0; £0,33; £ 0,67; | Visual function |Variable )K’J - -
disp (TFT) 1200 pix |inches 39,4; +1,33° (atleast
53,6 cm 6min (]/
(3,21; ap r(@
2,54; 0 s x
1,87°) trial x
g(\ sessions
N
[5] Volumetric 3840 x 22,2 31,1; 0; +£0,33; +0,67; | Visual fu ct@ Variable - - -
disp (TFT) 2400 pix |inches 39,4; +1,33° Q (atleast
53,6 cm Q 10min
(3,21; Q approx.
2,54; NS 1sx
1,87°) OO 293 trial x
[ N 2 sessions
[5] Volumetric 1600 x 22,2 31,1; 0; + 0,33; ¥0y67; | Psychometric Variable the - -
disp and 1024 pix inches 39,4; + 1,33@ function (atleast room
conventional |(CRT) 53,6 cm X% 15min was
CRT (3,21; K\ approx. dimly
2,54; o 3sx lit
1,87°) X[ 100 trial x
A 3 stimuli
: N PO— p—
[5]] Volumetric 1920 x 22,2 Q\,&, 0; £0,33; £ 0,67; | Subjective 5,6 s per - - -
disp (TFT) 1200 pix inches | V4 +1,33° scoring trial
@ k53,6 cm (totally
(3,21; 90 min
'_O 2,54; approx..
1,87°) 45 min x 2
O\ days)
\"4
[17]] |CRT 160. @ 22,2 - combinations of | Subjective 30 min - - The space
1 2%%1)( inches (0,25; 0,4; 0,77; |scoring (20 min average
O (for each 10 m) for . luminance
Q~ eye) vengeance and trlals_ + was 0,13
?\ focal 10 min . cd/m”"2
competi-
Q tion
é question-
&?‘ naire) per
3 day x 3
CD days
[17] |CRT 1600 x 22,2 - combinations of |Subjective By 2 min - - The space
1200 pix inches (0,3;0,77; scoring x 10 times average
(for each 1,11;2,0; (for time luminance
eye) 10, inf m) for course of was 0,13
vengeance and visual cd/m”"2
(0,4;0,77; 10) fatigue)
focal
[22] |[HDTV 1920 x 28 108 cm | 0;+0,82; +1,36; | Subjective After 1h - - -
1080 pix |inches (3H) +1,90° scoring observ.
[12] |HMD - - 2 m; - Subjective By 20 min |- - -
33,75° scoring x 3 times
[12] |TV - 14 60 cm - Subjective By 20 min |- - -
inches scoring x 3 times
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Ref |Display Display Display |Viewing |Diff. between Indices Duration Exp. Lumiance |Lumiance
# type resolution |size distance |vergence and Env. of disp. of target
accommodation
[12] |HMD - - 2m; - Subjective By 20 min |- - -
33,75° scoring x 3 times
[1z2] |Tv - 20 60 cm - Subjective By 20 min |- - -
inches scoring x 3 times
[12] |screenwith |- 90 2,3m - Subjective After - - -
shaky video inches scoring approx.
20 min
observ.
[12] |screepwith |- 90 2,0m - Subjective After - On the -
LDP inches scoring 140 min white
observ. area,
luminance
was 100
cd/m2
(DLP)
and 103
¢d/m2
(LCD)
and on
the black
area 4
cd/m2
(DLP)
and 7
cd/m2
(LCD)
[12] |screepwith |- 90 2,0 m - Subjective After - - -
LCD inches scoring 140 min
observ.
C.7.4 Other related factors

There is a
fused and
are perce
especially
expressed

range of disparities relative to the left and right eyes’ retinae, within which two images are
perceived as single. This range is called Panum’s fusional area. Outside this area, the images
ved as double and this might also(be considered a cause of visual fatigue and discomfrt
when the double images are expérienced often during viewing stereoscopic images. The rapge
in angular subtense depends.onh various factors, for example, the characteristics of the images
(spatiotempporal components, luminaifice, etc.) and the characteristics of the surrounding environment.
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