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Claim

1. Adevice for measliring the movements of an aye, comprising at least two
radiation sources (3, 4) located in front of the eye (8) and at least two radiation
detectors (5, 6) adapted to detect the radiation reflected from the eye (8) and
being located in a fixed spaced relationship to the radiation sources (3, 4), said
radiation sources (3, 4) and said detectors (5, 6) being disposed in pairs so that
one source-detector pair (3, 4; 5, 6) is arranged on eAch side of at least one
symme)'y plane through the centred eye (8), and electronlc means being
provnded to process the signals generated by said detectors (5, 6) in response to

the light incident thereon,

a diaphragm (1) provided with an aperture (2) arranged opposite the eye
(8) and permitting the eye (8) to look through the aperture (2) within a certain
viewing angle,

and a shielding member {7) disposed around said diaphragm (1) in order
to prevent disturbing light from impinging onto the eye (8),

charactetised in that the source-detector pairs (3, 4; 5, 6) are disposed ori
the side of the diaphragm (1) facing the eye (8) and located: at za certain distance
from the eye, | ”
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(10) 640901
and in that said electronic means (11-20) are designed to ad'j_y,_ust the
radiation intensity from the sources (3, 4) in such a way that the ?édiation
intensity detected by each detector is made substantially equal'.n whereby ths
difference in the emitted radiation intensity between the two radiatiori sources (3,
~4) is a rough measure of the light reflected from the eye (8) and thus a coarse
~measure of the instantaneous position of the eye, which together with a fine
measurement of an output of said radiation detectors, forms a high resolution
measurement of the eye ﬁBsition. " »
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(54) Title: EYE MOVEMENT MEASURING APP:‘(\)RATU.":‘\

(57). Abstract

Device for measuring eye
movements. At least two radiation
_ sources are located in front of the
eyes and at least two radiation detec-
tors are adapted to detect the radia-
tion reflected from the eye, whereby
the detectors are located in connec-
tion with the radiation sources. In
accordance with the invention the ra-
diation sources (3, 4)..and the detec-
tors (5, 6) are disposed in. pairs so
that one pair is arranged on each ,
side of at least.one symmetry plane \

19
[
Mains
[Synehr.

through the centered eye. The at least \
two pairs are disposed on a diaph- \

distance from the eye (8) and which R ]
is provided with an aperture (2) (0 ,
straight opposite to the eye having a W /

certain form and size thereby to per- ‘1}\ B

mit the eye to look through the aperture within a certain space angle. A shielding ynember (7) is disposed around the diaph-
" ragm and the eye in order to prevent disturbing light from impinging into the eye beyond the light falling through the aper-

_ture, Electronic means (11-20) are arranged to detect the radiation which is reflected from the eye and incident against the
“detector to adjust the radiation from the sources in such a\vay that the radiation intensity detected by each detector will be

substantially equal. The difference in the emitted radiationtintensity between the two radi'{ni‘on sources is a rough measure
of the light réflection from the eye and thus a coarse measuk_emen( of the instantaneous position of the eye which together

with a fine measurement of the photodetector output forms a high-resolution measurement of the eye position.

3
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’ ' g,xe— moveMent measuring apparatus ‘

"The. present invention relates to a device for measuring eye movements,
comprising at least two and in front of the eyes located radiation sources and
at Teast two radiation detectors adapted 'to detect the radiation ref'lected from
the eye -and be'ing located in conpection with the radiation sources.

It is previously known to measure eye movements by means of light emitters
a'nd,l,_:_light detectors which are placed in front of the eye and are adapted to
sense the changing reflection characteristics of each eye due to the different
positions, for instance when following a text line or other kind of information

which causes the eye to move.

The drawbacks with these known arrangements for measuring eye movements
are above all their compleﬁty and the difficulty to adjust them proper]y and

correctly in positions around the eye in order to obtain accurate read-out from
" the apparatus.‘ Since there is an increasing demand for such apparatus

specifically in order to diagnose different degrees of dyslexia among children

it should be\@preciated that the apparatus hitherto known can only be used
; L :

under labgratory conditions and require extreme accurateness both from the
operator and from the patient in order to obtain any useful results. Such
appar)'\atus can therefore hardly be used under normal working conditions, for
1nstunce in schools or offices since neither of these environments are
suffic1ent1y controlled for {nstance as to the illumination from the 'tht

~ sources normally used in such rooms. _, v

The main cbject of the present invention is te provide a measuring device

“in which all these deficencies of the prior art measuring apparatus have been

eliminated. Thus, the invention provides a device which can give extremely
accurate measurements and which can be used under normal working conditions, for
instance in schoo]s or offices. Moreover, the device according to the invention

~ 1is far cheaper than any of the prior art measuring apparatus which can only be
~ used in controlled environments as c;‘a"n be obtained in a laboratory.

The object of the inventiun ?s realized substantially by the fact that the

radiation sources and ﬁ\e «.etectors are disposed in pairs so that one pa'ir is

arranged on each side of at 1easvone symmetry plane through the centered eye,

and that the at least two: pairs are disposed on a diaphragi which is located at
a cr rtain distance from the eye and which is provided with an aperture straight
opposite to the eye having a certain form and size to thereby permit the eye to

/"F\*hrough the aperture within a certain space angie, and that a shielding
/member is disposed around the diaphragm and the eye in order to prevent disturb-

ing 1igh from impinging 1nto the eye beyond the tht falling through the

. aperature, and that electronic means are arranged to detect the radiation which

i
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is reflected from the eye and 1nc1dent against the detector and to adJust the

_radition from the sources in such a way that the rad1atlon inten51ty detected by

each detector will be made substantially equal, whereby- the difference in the
em1tted rad1ation intensity between the two radiation sources is a rough measure

Tof the.l1ght reflection from the eye and_thus a coarse measurement of the . -
- instantaneous position of the eye which together with a fine measurement of the

photodetector output forms a high resolution measurement of the ey2 position.:
~The positlon of the eye is measured in two steps, first in a coarse

measurement, then in a fine measurement. The coarse measurement is carried out

when positioning the Sensitlvity window as close as possible to the actual eye

‘tposition._The fine measurement is perforned withln the sensitivity window.

= ~Ina suitable embodiment of the invention the arrangement is made in the
form of goggles having a device according to the invention for each eye in order

“to make it ‘possible to study the movements of two eyes simultaneously.

One embodiment of the invention will now be qescribed more in detail with
reference to the accompanying drawings in which '
. Fig. 1 l a schematical vlew of a device according to the invention as
viewed from the eye, v T
, Fig.21isa schematical and sectional view of a device accord1ng to the

invention placed around an eye which observes a text,

Fig. 3 is an electric block diagram of a device according to the 1nvention

including all the dlfferent electrical circuits which are necessary to measure
: and ecure the”’ eye movements.

Fig. 1 shows the device according to the invention in which a diaphragm 1

~{s provided with an aperture 2 through iwhich the eye can read a text or any
~other kind of information. Below the aperture there are two IR-illuminators 3

and 4 and above the same there are two photodetectors 5 and 6. The illuminators

“and the detectors are arranged in pairs and one pair is disposed on each side of

a symmetry plane through the centered eye. in this ‘embodiment being the vertical
plane to the centered eye and dividing the rectangular aperture into two
substantially equal portlonég ' ; _

As shown in Fig. 2 the two IR-illuminators emit light within a rather
wide angle = which can be in the size of about 60°0. A shield 7 is disposed
around the diaphragm 1 and also around the eye 8 in order to form a closed soace
9 into which no disturbing 1ight can enter from the out-side bevond the light
whlch is incident through the rectangular aperture 2. This means that the
reflection from the eye will be diffused and the detectors 5 and 6 will sense

this dlﬁfused ;ight reflected from that portion of the eye whlcn,corresponds,to
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the position of the illuminator 3 or 4. In the figure the eye is shown in
centered position with the optical axis passing through the centre of the iris.
If the eye changes position, as indicated in Fig. 3, the photodetector 5
‘will receive less reflected light from the eye due to the altered reflection
\ characteristics in the right half of the aperture 2. This will cause an
mnba] ance between the two photodetectors 5 and 6 and result in a certain voltage
input to the amplifier 11 which is connected to an analogue-digital converter
12 from which the now digital value of the unbalance voltage is suppHOd to a
CPU 13 which compares the unbalance value with the stored va1ues in-a ROM 15
and in case this value is above or below the allowed range the CPU 13
estab'l1shv=s how much the 11lamination from inu-ninator 3 has to be increased or
to be decreafed from illuminator 4 in order to re-establish the bz\lance between
the two photodetectors 5§ and 6. As indicated above the balance between the two
detectors 5 and 6 is re-established when the command values i transferred to the
i1 luminators 3, 4 via a digita1-analogue converter 16 and a differential drive
circuit 20, Moreover, the CPU compares the d1gita1 unbalance value with stored’
values in a ROM 15 and in. case it is within the allowed rangs, sends it to the
RAM as ‘the value representing the eyc positica within the sensitivity window
(fine measure of the eye position). This Mformation is stored in the RAM along
with the value sent to the D/A converter (used for\ correct p]acement of
sensitivity window) as the value representing the coarse position of the eye.
Both the rough and f1ne measure of the eye pos1‘;ion stored in the RAX\‘ are used
“to construct the hlgh resolution plot of the eye movement traaectorV.
The eye position is measured withip the- sensitivity window (16) with 8 ‘
bits resolution of A/D. As the result of permanent re-establishing of balance by

— readjusting the {1lumination, the senswtivity vnndow displaces along the whole

dynamu: range (17), that is the sensitivity window" follows the current pos1ticm
of tt\\e eye. The positioning of the sensitivity window is the coarse (rough)
measurenment of the eye position and is performed with 8 bits resolution of D/A.
The f1 ne measurement of the eye position within the sensitivity window is the
ampl ified output from the photodetectors and §s carried out with 8 bits
resolution of A/D. The possibility to adjust the position of the sensitivity
window automatically exc1udes the necessity of fine placement of measuring
system on the subject ‘head and. the .correct measurement can be taken without any
adjustment at’all.

The illuminators 3 and 4 do preferably not emit light constantly but in
1ight flashes of a ‘duration of about 0.5 ms for detecting the position of the
eye.This has great advantage since the eye can be cons1dered stationary during

N N \Q £
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such a short time period of the flash and moreover the flash can be synchroni-
zed with the mains vo’ltage in order to always obtain ‘the same lighting
conditions at the measurement instant. The f'l.ash is supplied from a trigger
c1 rcuit 18 and is synchronized with the mains ' ‘voltage through a controller 19.
The above embodiment of the invention has been described in connection

with a device for measuring eye movements substantially in the horizontal
direction but it czn of course also be used in a device for measuring both

: hori‘iont'a1 and vertical movements of the eye. In that case, however, the
aperture has to be designed e.g. in the form of - ciroulay ope‘ing which permits

‘ detectlon of horizontal as well as vertica'l eV’ movements. e
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1. A device for measuring the movements of an sye, comprising at least two
radiation sources (3, 4) located in front of the eye (8) and at least two. radiation
detectors (5, 6) adapted to detect the radiation reflected from the eye (8) and
being located in a fixed spaced relationship to the radiation sources (3, 4), said
radiation sources (3, 4) and said detectors (S, 6) being disposed in pairs so that
v ’ one source-de_tkector\ pair (3, 4; 5, 6) is arranged on each side of at least one
¥e symmetry plane through the centred eye (8), and electronic means being
provided to process the signals generated by said detectors (5, 6) in response to
the light incident thereon,
a diaphragm (1), Provnded with an aper‘“are (2) arranged opposite the eye
(8) and permitting the eye (8) to lock mrough the aperture (2) within a certain
viewing angle, N S
and a shielding member (7) disposed around said diaphragm (1) in order
to prevent disturbing light from impinging onto the eye (8),
characterised in that the source-detector pairs (3, 4; 5, 6) are disposed on
the side of the diaphragm (1) facing the eye (8) and located at a certain distance
from the eye, ; ..n
and in that said electronic means (11 -20) are desugned to adjust the
radiation intensity from the sources (3, 4) i such a way that the radiation
intensity detected by each detector is made substantially~equai, whereby the
difference in the emitted radiation intensity between the two radiati'on sources (3,
4) is arough measure of the light reflected from the eye (8) and thus a coarse
tmeasure of the instantaneous position of the eye, which together with a fine
= ineasurement of an output of said radiatlor& detectors, forms a high resolution
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measurement of the eye position,

o~
2. A device according to Clai{n 1, characterised in tnat the form of the
aperture In the diaphragm, which restricts the visual field, is in accordance with
the orientation of a sensitivity axis, and that sensing components are placed
clcse to alimit of the aperture.
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3. A device according to Claim 1 or 2, characm_rised in that the sources (3, 4)
are pulsed, such thag flash eye illumination is short enough to consider the eye
to be stationary during the measurement, and that the sources (3, 4) are

triggered synchronously with external light t!\uctua"'!ions as in the case c¢f artificial
illumination powered from mains, allowing to recerd the: mcvement of the eye (8)
under usual lighting conditions. i

Dated this 6ih April 1993

v

PER UDDEN

WATERMARK PATENT & TRADEMARK ATTORNEYS

THE ATRIUM Fh
290 BURWOOD ROAD | ki
HAWTHORN VICTORIA 3122 it
AUSTRALIA ¢ 1y
DOCO24 .

AU5201186.WPC




WO 86/03113 i o PCT/SES5/00467
| 1/1 520 11)8%

dl ” l ) |
r————
——————— 1 (
P — <~
—_— .
—_————
St — % § ¢
—_—
f—hb
—_—
_
_—_—
frem————)
==
—-'= /
- - A
- .

R
iliig:: ™

Nl

/

riv 16
alit k| oA /

~ L /6 onv. o . fwg
e Fiosn V. [vains
i» iTrigger] . |Synchr]




- — e e

INTERNATIONAL SEARCH REPORT ’
International Apglication No PCT / SE85 / 0046 7

1. CLASSIFICATION OF SUBJECT MATTER (it several classification symbols apply, irndicate all) ¢

: According to International Paient Classification (IPC) or to both National Clcasificstion and IPC 4

A 61 B 3/02

Il. FIELDS SEARCHED

Minimum Cacumentation Searched ?

Classificailon System | ' : o Clasaification Symbols

IPC &4 A B 3/00, /02, /10 Rk
Us cl 3 ., 25 7, 23,'24, 39, 200, 203, 209, 210

Documentation Searched other ihan Minimum Doc:mentation

to the Extent that such Dosumaents are Included In the Flelds Searched ¢

SE, NGO, DK, F1 Classes as above ('(

or priorily. date and not in conflict with. the application but
f"'d 'tio underetend the principle or theory underilying the
nvention.

document of particular relevance; the claimed Invention
cannot be considered novel ot cannot be considered to
“L" document which may throw. doubts on driarity claim(e) or - Involve an |nventive step

“A"™ document defining the genacal state of the.art which la net
cansidered to bz of particular felevance

“E' oarliar document but published on or after the International ax"
filing: date ‘

(il. DOCUMEN'TS CONSIDERED TO BE RILIVANT® -
Category ° | _Citation of pocum-nt..i' with Indication, where lppio‘pl‘lno,.ol the relevant passages 1? Relovant to Claim No.
A | US, A, 4 102 564 (MICHAEL)
o 25 July 1978
A Us, A, 3 689 135 (YOUNG ET AL)
: 5 September 1972
A | US, A, 3 450 466 (E. STREISINGER) |
, 17 June 1969 A
A | US, A, 4 255 023 (HOUSE) '
' 10 March 1981 oy -
A {GB, A, 2 096 791 (DANIEL KLIGLER ET AL)
i 20 October 1982
'
i
* Special cnooorl‘o‘o of ;Ilod documents: ¢ ‘ o “T'.‘ iater documom published nﬁo; the lntomnlcn;l ﬂilno date |

which: s cited: to eatablish the publication dete of another uyn document of particular relavancei the: claimed invention
__ cltation or other specialisason (as specified) cannot be conidered 16 Involve nxlnvomm step when the
0" document reterring to an orel disclosure, use, exhibition er document (e combined with ana or more other auch docu-
other means: ments, such combination: being obvious to & person shilied
“p* documant published prior to {he international Nling aate but - Inthe an.
later than: the priofity: date.claimeq "A document member o' the same patent family
V. CERTIFICATION ) i} i )
_ Date of the Actual Comololion of the mmmloml sur:h i Dete of Mallldg of this International Search Report
1986-01-28 o 1986 -02- 03 P

international Searching Amhomy : : Sloruﬂu of Authorized Officer /
§wedlsh.Patent Office .3,66%%3?‘31 efogé

Form PCT/ISA/210 feecond sheel [Jenuery 1908) .

&

L.E



