Characterizing the Flashing Television
Images that Precipitate Seizures

By C. D. Binnie, I. Emmett, P. Gardiner, G.F.A. Harding. D. Harrison, and A. J. Wilkins

lelevision is by nature a flickering medium. It is also designed to convey
images that Tash or flicker. This paper seeks o characterize the stimulns
parameters of broadeast matertals that have been responsible for trigeer-
ing epileptic seizures. Three sources of evidence are considered: the char-
acteristics of licker und pattern predicted to induce seizures on the bosiy
of clinical smdies; the staristics of broadeast images: and the characreris-
tics of video sequences thar huve heen associated with anecdotal reporis

ed these seizures. Following this inci-
dent, the [TC revised its Guidance
Note o incorporate the requirement o
avold flashes of highly saturated red
and carried out other revisions. The
guidelines were again reviewed in
2000; these Further studies are report-
ed here.

of seizures. The resulty of these studies have contribured to a revision, in

mid=-2001, of a Guidance Note issued by the Independent Television
Commission (1TC) in the UK. seeking to protect, so far as is reasonably
practicable, the section of the popuiation that is liable to photosensitive

eprileps

Amn;lll proportion of the population, about 1 m 6,000, 1%
liible 1o photosensitive epilepsy (PSE) under certain
circumstances, However, in a young population. between 7
and 2() vears, the proportion susceptible is five times greater.
That s, convulsions can be triggered by rapidly Mashing
lights, or images that Oicker in certain ways. In 19493, fol-
lowing a report in the UK. that a broadcast advertisement
had precipitated epileptic seizures in three viewers, the
Independent Television Commission (1'TC), the regulator for
commercial elevision services in the UK., with the aid of
medical advice, produced guidelines on the wse of flashing
images and regular patterns in relevision. In subsequent
years there were further complaints of seraures occurmng in
relition W specilic programs or advertisements.

On |7 December 1997, a broadcast program,
“"Pokemon,” in Japan, resulted in 633 admissions 1o hospi-
tal of viewers experiencing seizures, On later investigation,
360 of the viewers were shown to have had epileptic
setgures: Th%e of them had no previous history of epilepsy.
It was shown by Harding! that the wse of alternating red
und blue backgrounds on sueccessive frames had precipita-

Firar published in the BC200F Conference Procesdings ol IBC200].
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Flicker Predicted to Induce
Seizures on the Basis ol Clinical
Studies

The probability of epileptic serzures
can be estimated without inducing
scizures from the occurrence of certain epileptiform waves
in the electroencephalogram (EEG) recorded trom scalp
cleciredes, For this reason, the invesugation of patients
with known or suspected epilepsy usually includes an EEG
examination in which the patient is exposed w visual stim-
ulation such as intermittent light from a xenon gas dis
charge lamp and geometric patterns. From such studies 1t 1s
known that seizures can be provoked by visual stimuli such
as flicker and ceriain geometric patterns, particularly
stripes.

Flicker 15 produced when o light varies over time with
respect 1o its lnminance or color; the varistion may be cvclic
or non-cychic. Fhicker can vary in terms of the fraquency at
which the cycles are repeated, the depth of modulation of
luminance in each cyele. and the luminance averaged over
time across the cycle. The probability of seizuores is affected
not only by these variables, but by the area of reting stimu-
lated and the duration of the flicker.

Fregueney

Figure 1 shows the percentage of putients exhibiting u
photeparogysmul EEG response to intermittent photic stim-
ulation, The solid line indicates data from Jeavons and
Harding?: the broken line. data from Kasteleijn-Nolst
Trenite.® Note that few patients ure sensitive to flushes with
# rule of oceurrence of 2 He or less, and that above this fre-
guency the mumber of putients who are sensitive increases
rapidly
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Modulation Depih

The number ol paticnts alfected increases with the modu-
Tation depth of the Micker, secording o e function shown
in Fig. 2. The daty in this Hgore were obtamed inoa study by
Harding =nd Fylan! in which 13 patients were exposed w
vertical gratings with sguarc-wave luminanee profile revers-
ing phase at | He presented on o 50-Hez elevision sereen
The platesu above 50% modalation probubly rellects satunt-
tion in the conlrust response of visoal neurons according o
Wilkins.d

Time-averaged Luminaice

The data from Wilking et al.® have been plotted in Fig. 3
and show o hinear increase in the number of patients affected
by a striped pattern with log luminance i the runge 10 1o
200 cdf/m-T. There are no corresponding data for Micker.
However. in view of the similarty of the elfects of lemporal
modulation of flicker and spatial modulation of pattern, 1
has keen assumed that the effects of luminance are simuilar
Fior both spatial and temporal modulation.

Flash Intensity

A potentially harmful flash occurs when there 15 4 pair of
opposing changes in luminance (e an increase in lumi-
nance followed by a decrease, or a decrease followed by an
inerease). It has already been shown that flashes vecurmimg ul
i rate of less than 3 Hz are not generally hazardous iFig. 1)
lun it is mecessary o also consider the permissible intensity
ol tashes,

Figure 4 shows how the proportion of putients alfected by
flashes of a given luminance varies with the luminance ol
the sereen. The curves have been obtained from the product
ol the functions shown in Figs. 2 and 3. As can be seen,
Mashes with luminance of 5 ed/m?® abhove and helow screen
luminance are safe ul all sereen luminances. Flashes of
20 edfm-T above and below screen luminance ure a risk
when the sereen Juminanee s less than 100 cdfm 2 and also
when the contrast of the flash is in the epileptogenic range.

To simplily matters, it will be assumed that program con
tent is sueh that all sereen luminances are equally represent
ed. The proportion of patients alfected by o Nosh that differs
from sereen Tuminunee by g given amount s then as shown
in Fig. 5. Note that Tor low flash lominnnees, this is o posi-
tvely accelerating funclion.

The Effect af Screen Luminance

In ovder o aecommaodate different display echnologies, i
i preferable w relate Tash eriteria W plysical luminsnce
valucs rather thun eleciricul parumeters of speciliv displays.
Fortunately, there are several milestones of display luini-
mamee that effer reasonable anchor values,

First among these, historically as well us in luminance
vilue, is the peuk while screen luminance experienced in
cinemas, This is limited 1o around 30 edfme2 simply because
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any migher level would expose annoying amounts of d8-He
Micker and image gate wander. The incidence of PSE ander
these viewing conditions is low,? 0 ngrecment with the daa
in Fig. 3.

A threshold value of 20 cdim = below which [hoker 1s
admissible confers an adequate salety margin, tuking
account of the effects of both contrast and luminance under
domestic viewing conditions as specilied in Rec. ITU-R
BTS04, This specifies a peak luminance value of 2000 cdfme=
for a reference home viewing environment, There i5 an
upper threshold of 164 cd/m-- at or above which the darker
image of a cycle of NMushing images is acceptible, as this
limits the contrast W levels below those at which PSE is a
risk (Fig. 23,

Areq of Reting Stimudated

I'he probabality of epileptifom EEG activity in response
o striped patterns of different arcas has been investigated in
twn stmches summarized i Wilkins.>7 The data have been
combined in Fig. 6, showing the estimiated proportion ol a

sample o 19 patients alfected by a patlern of stripes as a

[unetion of the aren of visoal cortes (o wihch the pattern
]'IHJiI;'L'[I.'_'.ILI. l.'_'.‘-li'lflilll:'[l I'|'|1r1| !lll'.‘ |.I'IFII!1|1II |'|I'1I|'ll.l‘-l.!l.l h} I}i i1‘|i.l|.".:'
Mole that o patients are affectsd when fess than 8% of the
cortex 15 stimulated. A simmilar linear function mizht be
expected Lo apply 1o the elfects of thekering field ot for the
possibility that scattered light within the eye nught enlarge
the effective arca of stimulition. The effects of scatlered
light appear Lo be small, however, because ecceninie Nxarion
ol a Mekerning seurce greatly reduces the risk ol its evoking
epileptiorm abnormalities.”

Screen Area of Flash

Lsing the preferred viewmg distances given in Ree, I[TU-
B BT.300, it is possible to calculate the percentage of visuul
cortex 1o which the screen projects, assuming central fixa-
tinon of the screen. A television sat with o 20-in. screen,
viewed ab seven times the screen height (TH) siimulates 25%
of the visual cortex; a 6l)-in. screen viewed at 3H would
stimulate 34% of the visual cortex.

Assuming the relationship shown in Fig. &, and 1f we
assume that 100% of patients are atfected by a 20-in. screen,
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then the proportion affected by flashes that occupy one-hall,
ong-guarter. one-eighth, and-one tenth of the screen area are
as shown i Table 1.

When the stimulation 15 confined to one lateral visual
ficld (fourth colummn) only one cerebral hemisphere 1s stimu-
lated, and it is necessary 1o allow for the fact that in a small
propertion of patients the photosensitivity is confined o one
hemisphere.® The data in Table | demonstrate that fixation
position has a small effect on the proportion of patients al
risk from a flash of a given size. For the sake of simplicity a
weighted average has been used. The two calegories of
eccentric fixation, shewn in Takle |, each contributed an
equivalent weight equal to one half the weight allocated to
central fixanion, The resalt is shown in Fig. 7.

Trade-off between Flash Luminance and Flash Area

Any simple delinition of a (lash must involve inlegration
of luminous flux vver u specified region, Within this area 1
is not possible to distinguish a small bright area from a large
relatively dim area, provided the integrated flux within the
specified region remains the same. There 1s a linear trade-off
between area and brightness as far as measurement 15 con-
cerned.

In general, this is not true of the visoal system il e spec-
ifiecl integratiom region is above the resolution limit of & few
minutes of arc. More specifically, with respect to the propor-
tiom of patients at risk of seizures, the trade-off between the
luminance of a lash and the area it occupies is most defi-
mitely not linear, This can he appreciated il the model is
expanded by assuming that the proportion of patients affect-
ed is the prodoct of the effects of modalation depth, lumi-
nance, and area. In Fig. 8 the data from Figs. 5 and 7 have
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Figura 5, Praportion of patierts affected by flashes as a function of
the difference between screen luminance and fuminanee ol the
fizsh.
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been comhbined, Note that doubling the screen area 15 sater
than deubhing the Nash luminance when the flash luminance
is 20 od/m? or bedow.

Color

Previous studies in Europe and Japan to examine the
eftects of tlicker that arise [rom variations in color rather
thun from changes of luminance prodouced conflicting
results. Binnie et al. W used a technigque known as silent sub-
stitution in which variation occurred only in one cluss of
photoreceptor. They showed that co-modulation of color and
luminance of this kind was more epileptogenic than the
equivalent luminous modulation of white light. They atinib-
uted this effect to inhibitory intersctions belween photore-
ceptor classes and argued that absence of such interactions
explained the greater epileptogenic properties of deep red
light.

Further studies are required if it is wished 1o develop
more precise guidelines regarding the effects of colored
flashes n elevision.

Statistics of Broadcast lmages

The statistics of broadcast images may be used to check
parameters of proposed rules designed 1o protect photosensi-
tive patients from flashing or patterned images. It over-strict
rules are violated frequently during the course of normal
broadeast programs they would clearly lose creditability,

Various sequences of broadeast program matenial, each
lasting just under 3 h {10 ks). were recorded off-air over a
range of different channels for subseguent analysis. The
sereen of a calibrated monitor was covered by a4 x 4 array
of cells that integrated the light captured [rom an area [/16th
that of the screen. The light captured in each cell was moni-
tored by a V-lambda-corrected photodiode, amplified and

SMPTE Jourral, JulyAugust 2002 « www.smpte.org
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Rules on Flashing Images

Table 1—The Proportion of Patients Affected by Flashes of Different Size

A potemtially harmfel Mash oceurs: when

Area of Screen Central Eccentric Eccentric ~ Welghted there: 15 4 pair of opposing changes in. lumi-
Flashi Fixation u Lower Lateral A mance (e, an increase in lumanance fol-
g e 3 g lowvied by o decrease, or o decredse Tolliwed

Margin Margin

by an increase) of 240 candelas per sgoare
meter (cd.mr) or more (see Notes | and 23,

Full 1.00 - - 1.00 This applies only when the screen lumi-
Hail 0.82 0.50 0.80 fgd njnff: of the dorker image is below 160
LT =
Cuarter 0.32 0.3 0,50 0.95 Irrespective of luminance, o Wansiticn to
or trom 4 saturated red 15 also potentially
Eighth 0.09 0.16 0.25 7 harmiul.
Isolated single or double flashes are
Tenth 0.03 0.1z 0.19 0.08 acceptable, but @ sequence of Mashes s ool
permitied when both the following oecue:
I the combimed arca of Teshes oocur-
ring concurrently occumes more than one
lova-pass filtered. The system was calibrated by interrupting quarler of the displayed (see Mote 3} sereen arca; and
the light at several fixed background brightness levels. ii, there are more than three flashes within any one-second

period. For clarification, in a 30-Hz enviromment, Mashes fior which
the leuding edpes are separated by 9 frames or more are scceptable,
irrespective of their bnghtness or serécn drea.

Similar video generated patterns were then used (o check the
video-brightness relationship, The low-pass-Gliered bright
ness level was recorded. The findings were corroborated

using two different recordings with different systems and ~ oles:

maschines. Note that wi s viiveie tec Haidie : t : I

i chines, Nole l|1.J.l '. ![|1 the an l.ll_‘_mb]‘.- Lu..hmq.ut :rf]pln}ed.. - Video waveform: lanitance: i nor s dircot-measase of. Screen

Talse wlurms can arise [fom the effects of mouon. The find- brightness. Not all domestic display devices have the same gammi

ings are shown in Table 2. charneteristic, bul o display with 4 gamma of 2.2 may be assumed
Twao different purameter combinations, which produced for the purpose of determining electrics]l mensurements made 1o

check complisnee with these guidalinegs (see Appendix L)

three alarms, identificd the same three video sequences, All y .
2. For the purpose of measurements made 1o cheek complinne:

other events could be considered as spurious, e.g., ronning

: ; ! ; £ . with these pudelines, pictures are assumed 1o be disploved in
fieet. trains passing, shaking of @ comn box, fast pans, ¢, The accordance with the “home viewing environmem™ described in
duty in Tahle 2 show that puidelines prohibiting a train of Recommendation TTU-R BTS00 in which peak white corresponds
four or more lashes that exceeded a contrast of 20% and ta sereen illumination of 200 cdm -

3, [t may be assumed that overscan for each piciure edge on
modern domestic television receiver displays wall normally be in
the ramge 3.5% 10 1% of the overs!l picture width or height (as
indicated in EBU Techmnici] Recommiendation R95- 1994,

vecupied more than 1/4 sereen area would vield a sofficient-
Iy Jivw rafe of alarms.

Selection of Parameters for Guidance Note

A Heatnlog” of soime M video sequences. ench of which [ is recognized that such potentially harmful images
wis the subject of either a complaint or o
reported seizure, was assessed by medical '

experts for risk. Parameters [or the proposed

rules were selected on the basis of the theoret- = ﬂgg ¥ : I i
icul model that was developed. Parameters = ?n'nmadi *15tx 4 00
. : : ! Z 080 R*=09328 .
werg chosen 1o ensure that items of known = 0.70 |
risk are detected, while not resulting in exces- - [I:EI] !
sive numbers of [ulse alarms when using the 5 0.0 '
simple automatic analysis tool that has been E_ [I.4I] ]
dieEeibed: i e v =07241¢ « 1 01 24x - 00878 |
s - ® 0 F¥= 0,939 -
ILis important to strike o balance hetween £ 520 il {
alfording protection to those susceptible 1o 2 U.‘IEI ]
photosensitive epilepsy and ensuring that the E .00 |
rules < eadily imple «( by program- B 1 : '
! an Ec‘ u,r lri.hi:. =|'||p|]|.nh.:n1|_d h;,'l ;lv.ml:_r i £ 000 020 040 0&d o0& 100
makers. A public consultation w BISEE e . . . .
: I ; S | I r'r'HI'HH‘[lHII ol coreen Mickerng
and other interested purties was carried oul by =
the 1TC in early 2001, An extract from the

" danea 1 e ivire . (TR : )
currant ?:H]L:]IH.J. . 15 2pven helow, The [rafit- Figure 7 Proportion of patients affected by fiashes occupying a given propormion of
meters will be reviewed again in eacly 2002, he sereen (fower funciion is for a 20-in. screan, upoer, for 8 60-in. screen)
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Table 2—The Mumber of Alarms Generated by Departures from

Guidelines Shown

Opposing changey n lumiinanee,
Flashes greater than or equal to

20 edfme-? are prohibited. The percent-

Number Conlrast Screen Mumber of age sensitive 1o changes i luminance
of flashes of flashes (%) dares alarms af less than 20 cdfm-= is 7% of those
sensitive af masimum flash luminance,
=3 =20 =116 24 pveraged over screen lnminance.
==4 =20 =1/16 i2 Area of flushes. Flashes greater in
=3 =30 <116 g ey than ong guarter of the sereen e
=4 ~20 “116 i3 prohibited. The percentage of patients
i sensitive 1o Mushes having an area less
ck bed ol than one quarter of the ares of the
= =ed >1/4 6 screen 1s 32% of those sensitive to Tull
=4 =20 >1i4 ] screen flicker. This 1s based oo a 20-in,
=4 =4 =1/4 a screen. In the case of a 6U-1n, s¢reen the
percentuge is 395%.
Cofar, Flicker from saturated red
— — — fight 1s prohibited, Assuming the
effects of the various parameters are
- 0.9 = S—— indcpende.nt ThLT prfm!:urrninn.ul patients
= | who remain at nisk if the gmdehnes are
L_..j 075 —e— eighth : -'”! ;f:!.hem.:,j._. to |1'|.1_1-I' be -.:Hmul-::d o be
= auater .,.-l ! 3% x T x J'Lf‘,-':—-ti.l & of those whao
g f=2 = are notionally lioble to 4 selzure when o
5 —=—half 2s television screen of maximum size and
= 045 maximum luminance is displaying
= nothing but 12.5-Hez (PAL) or 15-Hz
[= 0.4 (NTSC) flicker over its entire screen,
o
;_‘ 0.05 Reflerences
'E Itk A Herding, “TV Can be Bad for Your
e 04 Heulth,” Masre Medicine 4265267, 1968
= z. B. M. Jeavons und G.F.A, Harding
4 0 10 20 30 40 S0 g0 Phaorasensiiove Epdepsy; A Review of the
; < np - L Fatevarire and a Stwdv of S0 Parenis
Luminance of flash {LLL“-I 1Y, Heinemann: London, 1975,
5 DGAL Tremite Kasteleijn-Nolst, “Fhoto

Figure 8. Proportion of patients affected by flashes shown as a function

ance (ahscissa) and flash area (key),

oceur only rurely during the course o progrm material with
scenes thal appear natural or represent real life: examples
include photographers’ flashlights or strobe lights in g disco.
Part of the purpose of the Guidance Note is o assist pro-
gram privdocers o avoid inadvertently creating video ellects
that contain Aashing images or patterns likely (o be harmiful.

Protection Provided by the 1TC Guidance Note

If the guidelines proposed in the TTC Guidance Nole arc
adhered to, it is now possible to express the propottion of
spsceptible patients who remain at risk,

Freguency. Flashes with frequency greater than 3 He are
prohibited, The percentage of patients sensitive to freguen-
cies of less than 3 Hz is 3% of all the patients sensitive 1o
large flashes of maximom modulanen and brightness.
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