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Foreword

Image safety — Reducing the incidence of und

esirable

biomedical effects caused by visual image sequences

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). ISO’s technical work is normally carried out through 1SO technical committees in which
each ISO member body has the right to be represented. International organizations, governmental and
nongovernmental, in liaison with ISO, also take part in the work.
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Supplement

This proposal was prepared in Japan during the workshop held in Tokyo on image safety and was created
under the leadership of the National Institute of Advanced Industrial Science and Technology (AIST) and the
Japanese Industrial Standard Committee (JISC) with the participation of the following members:

— Takehiko Bando (Niigata University, Japan);

— Jelte Bos (TNO, Netherlands);

— Kazguhiko Ukai (Waseda University, Japan);

— Ken Sagawa (AIST/JISC, Japan);

— Atspko Saruhashi (METI/JISC, Japan);

— Richard H.Y. So (Hong Kong University of Science and Technology, Hong Kong);
— Hirgyasu Ujike (AIST/JISC, Japan);

— Arnpld Wilkins (University of Essex, United Kingdom):

Notable|contributions to this document were also given by the following participants:
— Grgham F. A. Harding (Aston University, United Kingdom);

— Tom Robson (CRS Ltd., United Kingdom);

— Takeo Takahashi (Yaotome Clinic, Japan);

— Robert S Kennedy (RSK-Assessments, Inc., United States);

— Peter Howarth (Lodghborough University, United Kingdom);

— Makoto Yoshizawa (Tohoku University, Japan);

— ToHru Kirytr (Niigata University, Japan);

— NackiKobayashi(NTT, Japam);
— Takayuki Ito (NHK Lab., Japan);
— Tony Carpenter (CRS Ltd., United Kingdom);

— Shigeru Chiba (Sharp, Japan).
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Workshop resolutions

This International Workshop on Image Safety adopted the following resolutions on which the International
Workshop Agreement is based.

a)

b)

d)

f)

)]

h)

Vi

This International Workshop on Image Safety (hereafter International Workshop 3) considers this

Internation
developme
reduce the
will continu

| Workshop Aareement to be the first step in a process that may eventually lea

to the

ht of ISO International Standards on image safety, which will supply guidelines inte
incidence of undesirable biomedical effects caused by visual image sequences-The

This Interndtional Workshop 3 defines concerns of stationary and moving images that-are comm

through va

rious media. It may therefore apply to several different types of image providers i

internet prqviders, web page producers, graphic artists, video and motion picture production cor

computer/V,
companies

deo game software developers and publishers, imaging device manufacturers
and distributors.

This Interngdtional Workshop 3 recognizes that there are certain undesirable biomedical effects as

with visual
Therefore,
as well as t

images. Although incidences of the effects may be low, the effects may be cons
bccurate knowledge of the biomedical effects is important for all categories of image p
hose who view images.

nded to
process

b to be open to the participation of all interested parties, according to the ISO procedures.

Linicated
hcluding
npanies,
media

sociated
derable.
roviders

This International Workshop 3 recommends that the .issue be handled with an appropriate |balance
between the varying interests of viewers, and the interests involved in the provision of images ihcluding
not only image providers’ interests but also society’s interest in promoting freedom of expressgion and
artistic cregtivity, the balance being settled on thelbasis of scientific knowledge.

This Interndtional Workshop 3 recognizes that viewers and image providers may benefit from infoprmation
about image safety, both generally and-as-concerns individual products. Such information is likely to be of
most use hefore viewers are exposed-to visual images. It is recognized that any proposed guidelines
should be gomprehensive and easily interpreted so that they can be applied without difficulty.

This Interndtional Workshop 3-considers the scope of this agreement to cover all aspects of imade safety
while recognizing that the International Telecommunications Union (ITU-R, SG6) has consid¢red the
image safely issues in relation to TV broadcasting.

This Interngtional Weorkshop 3 collected scientific information from experts with respect {o three
undesirablg biomedical effects:

photosersHive-seizures;

visually-induced motion sickness, and

visual fatigue.

Scientific knowledge will be critical in the development of any guidelines in the ISO International
Standards on image safety, particularly any involving numerical guidelines. Such guidelines will require
research that is designed to consider the effects of various image properties in the various visual media.

This International Workshop 3 recognized that the workshop participants could not fully represent the

various interests involved and expressed the desire for greater participation of stakeholders in the
process outlined in a) above.
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Introduction

0.1 General

Computerized systems that create and edit moving images enable us to enjoy attractive and stimulating
screen images, such as movies, videogames and video pictures on Internet communications. This innovative
technolqg s ets of lights and
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and also immersiveness through stereoscopic images and dynamic movements of\wig
echnology not only provides amusement, but expands the possibility of educationa
ication. Recent developments of many new kinds of image-recording medial,.and

levices and systems allow people to enjoy dynamic images on demand and on an indi

ith the broad diffusion of the innovative image technology, the incidence of undesir
n human health may increase. Those effects include photosensitive seizures, visually
and visual fatigue. These biomedical effects depend on individual“susceptibility and
an incident occurred with a TV animation program in Japan. YApproximately 685 m
i, and more than 150 children required at least transient hospitalization ['l. Some of

arters of the children had no prior history of epilepsy [3"\The main cause of this incide
rnate flashing of red and blue lights dominating most-of the screen area, which was
ation. Apart from this dramatic incident, it is, also known that certain individu
nduced motion sickness occasionally when, playing videogames that include frequ

indicate tension. Moreover, people can(sometimes suffer from visual fatigue, or
ns of headache and nausea when they/watch certain images, particularly those contz
and those of stereoscopic images.

ortunity of watching a variety of moving images can enrich our lives, and the creatio
of expression and artistiC creativity should be respected as far as is consistent witk
uld avoid the undesirable.biomedical effects not by prohibiting developments of the t
ding the necessarydnformation both for the people who make images and those
rly those who are’vulnerable.

nary purposeg ‘ef this International Workshop Agreement is

nise awareness of the risks of the undesirable biomedical effects caused by moving
h as’photosensitive seizures, visually-induced motion sickness and visual fatigue,

e been migraines or other forms of disequilibrium [2], but-most of them were seizured.

bwpoint. Moving
| and business
pf new types of
vidual basis.
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n of images is a

ry aspect of cultural activities; especially for education, business and the leisure inddistry. Moreover,

human health.
echnologies but
who view them,

images, effects

and

to encourage studies om technicat ssues for the devetopment of ntermationatStarndar

on this issue,

to be the first step in a process that will eventually lead to the development of International Standards on

this issue, which will supply guidelines intended to reduce the incidence of the biomedical effects.

0.2

The introduction of the notion of

Image safety

‘image safety”

is important in raising awareness of the risks of the

undesirable biomedical effects caused by moving images. “Image safety” is a concept that has as its purpose
the protection of vulnerable persons from the undesirable biomedical effects on human health, particularly
those caused by moving images presented on electronic displays.

© I1SO 2005 — All rights reserved
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0.3 Background to image safety issues

Our everyday life already benefits from a wide variety of electronic images and the use of such images is likely
to increase. During the growth of the electronic images, there have been several news reports of undesirable
events traceable to visual images.

In 1993, in the United Kingdom, three persons watching a TV commercial suffered from photosensitive
seizures. In 1997, in Japan, approximately 685 people, who were watching a TV animation program, were
treated in hospitals because of uncomfortable symptoms and photosensitive seizures. In July 2003, again in
Japan, a total of 36 out of approximately 300 junior high-school students experienced motion sickness while
watching a homemade movie in a class, and were sent to a hospital.

A large variety ¢f visual image products, such as videos and videogames, are being sold in a globalmarket as
popular consumer goods. The consumers enjoy watching a variety of screen images, often without sufficient
information abgut the contents of the products or the risks of their biomedical effects. Therefore, @ safety
standard on image products is needed in the global market, to establish appropriate methods of avgiding or
reducing the ingidence of the biomedical effects.

0.4 Special considerations for vulnerable persons

It is recognized| that there are large individual differences in the susceptibility.to the undesirable bigmedical
effects. For example, the incidence of the photosensitive seizures is known to be approximately [one per
100 000 per aphnum [4l. Susceptibility to visually-induced motion sickness is higher in femaleq [BI6I7].
Therefore, therg needs to be special consideration for vulnerable persens, the minority who are susceptible to
the biomedical ¢ffects.

0.5 Previous recommendations relevant to image safety

Recommendations for image providers to reduce incidence of precipitating photosensitive seizyres are
already publish¢d in broadcasting industries both int€rnationally and domestically in some countries; [some of
those recommepdations are listed below.

a) International Telecommunication Union::-Recommendation ITU-R BT. 1702 Guidance for the redliction of
photosensitive epileptic seizures causéd by television (8]

b) Independent Television Commissien in United Kingdom (ITC). Guidance note for licensees on|flashing
images and regular patterns intélevision [°]

¢c) Japan Brogdcasting Cofporation (NHK) and National Association of Commercial Broadcasters in Japan
(NAB). Guiflelines for-picture techniques involved with animation programs, etcetera. [10]

viii © ISO 2005 — All rights reserved
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1 Scope

This Intg

providers as well as for those who view moving images, such as computer/video games,-1o
video pictures on websites. It also defines the following undesirable biomedical effects)ca
images:

— phagtosensitive seizures;

— visUally-induced motion sickness;

— visyal fatigue.

This Intgrnational Workshop Agreement supplies viewers as wellas image providers with re]

as to ho
This Ints

NOTE
ITU-R R4
2 Te

21
moving

The visdial images that are presented by a sequence of images on visual display devices, W

W to reduce the biomedical risks to which they may beisusceptible.
rnational Workshop Agreement does not have any contents intended for regulatory us

ITU-R SG6 considers the image safety issues in relation to TV broadcasting. Some of thes{
commendations.

rms and definitions

image

IWA 3:2005(E)

ories of image
ies, videos and
sed by moving

commendations

o

e are described in

hich usually but
b appearance of

iders, webpage
game software

not invafiably produce temperal change of the visual image. A moving image not only gives th

motion kut also includes flashing and flickering visual images and sometimes images that appear to be still.
2.2

image groviders

Persong or parties who are involved in providing moving images, including internet prov

producers; graphic artists, video and motion picture production companies, computer/video
developerszand publishers imnging device manufacturers _media companies and distributors

23

viewers

Persons who watch moving images distributed by image providers.

24

undesirable biomedical effects
This IWA 3 is concerned with photosensitive seizures, visually-induced motion sickness, and visual fatigue, all

of which

2.5
biomed
The risk

are undesirable.

ical risks
relates both to the likelihood of the occurrence of a biological effect, and its severity.
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2.6

photosensitivity

Photosensitivity, in this IWA 3, refers to human individual sensitivity to flickering or intermittent light stimulation
and/or visual patterns, evidenced by the occurrence of a photoparoxysmal response (PPR). The PPR is a
spike-wave discharge at around 3 Hz detected bilaterally and simultaneously in all areas of the scalp. The

PPR is diagnosed by electroencephalogram (EEG).

2.7

electroencephalogram

EEG

Electrical activity measurement of the brain recorded by attaching electrodes to the scalp.

2.8

photosensitive seizures

Seizures triggered as a result of photosensitivity, while photosensitivity does not always trigger seizurgs.

29

photosensitive epilepsy

A chronic neurplogical condition characterized by photosensitive seizures, or convulsions precipifated by
visual stimuli; npnconvulsive seizures such as absence seizures (absence of mind) occasionally occur along
with them.

210

visually-induced motion sickness

Visually-induced motion sickness concerns motion sickness-like .symptoms induced by motion within the
visual environmgnt, such as when watching movies and screen images of videogames. These symptgms may
include dizziness, vertigo, sweating, odd feelings in the stomach;“and nausea which may progress to jomiting.
211

dizziness and yertigo

Dizziness referg to physical unsteadiness, lack ofibalance or light-headedness, while vertigo refefs to an

abnormal sensd

2.12
ataxia
Loss of balance

213

visual fatigue
Eyestrain or ast
a wide range of

214
visual display

tion of rotation while being at rest.

henopia, causéd by both two-dimensional and stereoscopic moving images. Visual fat
visual symptoms, including tiredness, headaches, and soreness of the eyes.

erminal

VDT

caused by inability to eeordinate muscle activity, particularly while walking and reading.

gue has

A display device that presents text and/or graphics particularly for communicating with a computer.

215

binocular parallax
The 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. Binocular parallax is equivalent to the optic angle between the optic axes of
the both eyes, when directed to a single point.

2.16

stereoscopic images
Two pictures taken from different position with binocular parallax particularly for providing depth perception
among the pictures.

© 1SO 2005 — All rights reserved
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2.17

strabismus
Defect of eye movement control which prevents the eyes from being directed simultaneously toward an object
of interest.

2.18

accommodation
Adjustment of human lens to focus on objects at different distances.

2.19

vergence

Binoculac eye maovement in which the eyes rotate toward or. away from each other Ihﬂrﬁ(“lﬂﬂrh

WA 3:2005(E)
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desirable biomedical effects caused by moving images on viewers

£

nage of an object at fovea, an area of the retina where resolution is the greatest.

hotosensitive epileptic seizures

nsitive epilepsy is a chronic neurological condition charactetized by repeated sg
| by visual stimuli, such as certain types of flashing or flickefing' lights or patterns. Fo
s of 15 Hz to 25 Hz are the most provocative but individuals may be sensitive to sin
s as high as 65 Hz ['1]. For patterns, light/dark stripes ‘@aré'the most provocative parti
ties of about 3 cycles per degree [12]. Red-blue flickersis known to be particularly prov
of this type of visual stimulus on television may have been responsible for the inciq
bth natural and artificial light sources can evoke seizures, but the most common cause
reens.

nce of photosensitive epilepsy is approximately 0,025 % of the population aged 20 yg
, however, an unknown number of photaesensitive persons who have not yet experienc
5k of doing so if sufficiently provoked.\Most patients have their first seizure between th
[41. After the early 20’s a first seizuré due to photosensitivity is rare [4l. Seventy five p
condition remain photosensitive for life [4]. In young people the incidence of photosens
00 000 of the population perannum [4]. In females photosensitivity is approximately ty
bles. However, amongstvideo game players, for example, seizures appear to be m
terms of absolute numbers, since more males than females play video games [41.

nsitivity is diagnosed by electroencephalographic (EEG) recordings. The electrical act
led by attaching electrodes to the scalp while the subject is exposed to intermittent p
the subject isphotosensitive, the EEG recording shows a photoparoxysmal response
ral spike-wave discharge with a slow-wave component at 2,5Hz to 3,5Hz or a
e [41[141x\FHe abnormal EEG responses to IPS can be classified on the basis of their s
on, the-most severe response being seen in all areas [41[11],

nsitivity is probably a genetically determined predisposition; its inheritance, however,

izures that are
r flashing lights,
ple flashes or to
cularly at spatial
ocative [13], and
ent in Japan in
5 are images on

ars or under 41,
ed a seizure but
e ages of 9 and
ercent of people
sitive seizures is
vice as common
ore common in

vity of the brain
hotic stimulation
(PPR) which is
polyspike-wave
hape and scalp

s complex. The

literature reported that approximately 40 % of siblings of patients with photosensitive epilepsy showed a PPR
on IPS, and approximately 16 % of parents also showed a PPR [13]. The literature also reported that 25 % of
children of photosensitive mothers show photosensitivity and 50 % of those go on to develop photosensitive
seizures precipitated by flickering light or patterns in the everyday environment 141,

3.2 \Visually-induced motion sickness

Motion sickness describes a syndrome provoked by physical or visually-perceived motion of the body or its
surroundings, particularly under conditions in which the visually-perceived motion does not correspond to
physical self-motion (e.g. in a ship or airplane). Symptoms of motion sickness generally include dizziness,
vertigo, malaise, pallor, cold sweats, salivation, drowsiness, stomach awareness, and nausea which may
progress to vomiting [161 [171[18] [19],
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Visually-induced motion sickness can occur from watching movies, playing computer games (sometimes
referred to as cybersickness [20]), or training in flight or driving simulators (also referred to as simulator
sickness). Sickness severity not only depends on the motion characteristics, but also on an individual’s
susceptibility, which is dependent on age, gender, state of habituation, fatigue, digestion, psychological
conditioning, and more [211122][7], Visually-induced motion sickness is generally worse with larger image size
(particularly visual screen angle). It is also reported to be significantly affected by navigation (or global image)
velocity [23]6]; spatial complexity of the images [24]; and methods of navigation control [25]. Roll causes most
sickness, followed by pitch, followed by yaw [26]1[27] The risk also depends on exposure time, and the time
delay between self-motion and the matching image motion, where this occurs as, for example, in the case of a
moving base or head-mounted display (HMD). The amount of veridical earth fixed texture is also critical and
this in turn can depend on the ambient light level. Countermeasures to reduce visually-induced motion
sickness may reduce sensation of apparent self-motion, known as vection. For some viewers, this may reduce
the “thrill” experjerce:

Visually-induceq

| motion sickness, like motion sickness, is usually recognized as just a minor anhoyance and

not signifying any serious medical illness. Some people are, however, incapacitated by it (e.g. by vomiting or

ataxia), and a fe
may cause a rig
certain period a

Motion sickness

of sensory conflict or neural mismatch [171129][301[31] " which has been developed from the 1970’s

hypothesis sugg
and those withi
on the basis of
means of differ
According to thg
cues with their
discrepancy betf
on the perceptid

3.3 Visual f4

Visual fatigue c
a near object K
contrast geome
central kind [32]
visual fatigue g
reduced powers
the eye [33],

Most of the visu
fatigue especia

r-effects
within a

w even suffer from symptoms for a full day after the onset of the sickness. These aftg
k in certain tasks, like flying, for which reason pilots are forbidden to fly areal airplane
ter a simulator sortie [28].

bothesis
on. This
jests that sickness occurs when the pattern of input signals;¢oth those from different senses
N a single sense, do not correspond to the patterns of such-inputs that are stored in the brain
past experience. It has been hypothesized that people“obtain information on body motion by
ent resources such as the eyes, the vestibular apparatus, and the proprioceptive [system.
b neural mismatch hypothesis, people constantly compare visual, vestibular and propripceptive

internal expectations. As a consequence, mation sickness can occur when there is a
ween the external signals obtained by the various senses and the internal expectatior]s based
n of body movement at the time.

, including that which is visually induced, is often explained by thie widely accepted hy

tigue

hn be caused by stress on early visual functions such as focusing and converging the
ut may also involve centrakcortical structures, for example when looking at a lar
tric pattern. Individuals with-migraine are particularly susceptible to visual stress of the latter
Visual fatigue can also,arise when people are watching stereoscopic images. Symptoms of
enerally include malaise, headaches, drowsiness, reduced visual acuity possibly caused by
of lens accommodation, double vision, painful irritation with lachrymation and reddening of

eyes on
je high-

al tasks.iQ everyday life can contribute in some way to visual fatigue; people suffer from visual
ly when-the eyes are used for long periods, for fine work, reading poorly printed |texts or

low-quality computer images, inadequate or intense lighting, and when the individual is exposed to flickering
light or geomefric-patterns, or has uncorrected optical aberrations of the eye. Stereoscopic imagges have
particular techn i Vi i

Visual fatigue became a focus in the 1970’s onwards with the introduction of visual display terminals, (VDT), in
the office environment. To reduce the symptoms, many kinds of recommendations [34] on working
environment for using VDT have been drawn up. Although it has been reported that the number of people
suffering from visual fatigue in the office environment has decreased since the recommendations were
introduced, there remain many people who still suffer from visual fatigue. Moreover, since the development
and diffusion of stereoscopic image display devices and systems have advanced especially in the leisure
industry, visual fatigue caused by stereo image has been well recognized.

Some of the factors that contribute to fatigue from stereo images may concern the characteristics of the
display devices, such as lower refresh rates for a stereo field pair, discrepancies of size, luminance and colour
between two screen images, and also crosstalk between the images to each eye. Other factors may involve
optical arrangements not only as concern the basic mechanical structure, such as parallelism of the optical
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axes of two eyes, but also the inconsistencies inherent in the stereo display, such as the discrepancy between
the optical distance of a point on a stereoscopic image and the distance determined by binocular parallax of
the point on the image, which can lead to an conflict between lens accommodation and convergence [35].

Some ophthalmologists remain concerned that viewing mis-aligned stereoscopic images may cause
strabismus in young children. Strabismus is an abnormality in binocular alignment, usually congenital. It
affects accommodation, vergence and binocular vision. There is no evidence for or against this hypothesis
although the theoretical possibility of development of strabismus cannot be ignored. It has been reported that
the development of binocular vision continues up to 3 years, 5 years or 10 years-old according to the visual
skill under assessment [36],

4 ReL:ommendations

roviders as well as viewers are recommended to make themselves aware-of the krjown biomedical
Ised by images. Image providers are further recommended to pay attention te their pfoducts in terms
ks they may pose to susceptible individuals.

Image ¢
risks ca
of the rig

The ima3
viewers
also sod
the basi

ing interests of
rs’ interests but
being settled on

ge safety issue should be handled with an appropriate balance-between the vary
and the interests involved in the provision of images including net only image provide
iety’s interest in promoting freedom of expression and artisti¢\creativity, the balance
5 of scientific knowledge.

Althoug
reducing
guidelin

To redu

n there is a wealth of scientific and technical knowlgdge on image safety, especia
the incidence of photosensitive seizures [37] Jfirther research is necessary H
bs can be offered.

Ce the risk of visual fatigue especially in using VDT in the working environment, refer tq

ly in relation to
efore definitive

ISO 9241 [34],

Viewers| and image providers may benefit from information about image safety, both g¢nerally and as
concerng individual products. Such information is likely to be of most use before viewers are ekposed to visual
images.

Viewers|need to refer to the recomrnendations described below.

a) Stop watching moving images, if you have any symptoms of headache, dizziness, naus¢a, malaise and
anyl uncomfortable feelings that might be caused by the images. It is advisable to take a|break for 5 min
to 115 min every hour,®ven if the symptoms are not experienced.

b) Malke the viewiig-conditions comfortable by:

— adjuisting.theillumination, sound and air conditioning in the room;

— adesting the height of the chair and desk to suit your physique;

— adjusting the brightness, focus or any other parameters of your display terminal or operating devices.

¢) Guardians are encouraged to protect their children’s health by controlling viewing conditions.

d) Avoid unnecessary fatigue caused by overwork or lack of sleep, before watching visual products.

e) When watching stereoscopic images, do not incline your head relative to the horizontal direction of the
images.

f)  Stop watching stereoscopic images if you notice double images. It is important that display devices be
adjusted appropriately.

g) The recommendations described in this list may apply to some visual products more than others.
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5 Future work

In order to reduce the biomedical risks, it will be desirable to develop methods for evaluating the risks in detail,
and so provide information about image safety, both generally and as concerns individual products. For this
purpose, further scientific studies as well as further discussions among consumers, image providers and
scientific experts are required.

To continue efforts to develop an International Standard on image safety with more precise guidelines than
was possible at present, it is crucial to establish a new Technical Committee or Working Group in ISO, to
which the stakeholders can make full representations, and to submit a New Work Item Proposal based on this
IWA 3.
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