I*I Innovation, Sciences et Innovation, Science and CA 3000592 C 2023/10/03

Développement économique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 3 000 592
12 BREVET CANADIEN
CANADIAN PATENT
13 C
(86) Date de dépdt PCT/PCT Filing Date: 2016/08/10 (51) ClInt./Int.Cl. GO9B 23/30(2006.01),

o o . A61B 3/00(2006.01), B23C 3/00(2006.01),
(87) Date publication PCT/PCT Publication Date: 2017/05/11 B26D 3/00(2006.01). B26F 1/38(2006.01)

(45) Date de délivrance/lssue Date: 2023/10/03 .
(72) Inventeurs/Inventors:
(85) Entrée phase nationale/National Entry: 2018/03/29 ABRAHAM, MARIO, DE;
®6) N° demande PCT/PCT Application No.: IB 2016/054828 RIEDEL, PETER, DE
(87) N° publication PCT/PCT Publication No.; 2017/077403 (73) Propriétaire/Owner:

e ALCON INC., CH
(30) Priorité/Priority: 2015/11/05 (DE102015014324.7)
(74) Agent: KIRBY EADES GALE BAKER

(54) Titre : MODELE OCULAIRE
(54) Title: EYE MODEL

(57) Abrégé/Abstract:

An eye model comprises a sclera simulation which is made of a bright plastic material, the plastic material containing a polyvinyl
chloride at least as the main component, and a pattern which contrasts in color with the sclera simulation, the pattern simulating an
eye pupil and/or an iris structure. In a method for producing the eye model, a plate-shaped or rectangular blank of the plastic
material having two oppositely situated blank flat sides is used, from which an eye body is separated by cutting or chipping
machining. The separated eye body has a flattened area which is formed from a first of the blank flat sides, and a convexly curved
peripheral surface which surrounds the flattened area in a ring-like manner. The method also comprises forming the pattern on an
area on the first blank flat side which corresponds to the first flattened area.

C an a dg http:vopic.ge.ca » Ottawa-Hull K1A 0C9 - aup.:/eipo.ge.ca OPIC

OPIC - CIPO 191



2017/07:7403 A1 |10 000 0 O O 0 0 00

<

W

(43) International Publication Date

CA 03000592 2018-03-29

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2017/077403 Al

11 May 2017 (11.05.2017) WIPO I PCT
(51) International Patent Classification:
G09B 23/30 (2006.01) B26D 3/00 (2006.01)
A61B 3/00 (2006.01) B26F 1/38 (2006.01)
B23C 3/00 (2006.01)
(21) International Application Number:
PCT/IB2016/054828
. - (84
(22) International Filing Date:
10 August 2016 (10.08.2016)
(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:
102015014324.7 5 November 2015 (05.11.2015) DE
(71) Applicant: NOVARTIS AG [CH/CH]; Lichtstrasse 35,
4056 Basel (CH).
(72) Inventors: ABRAHAM, Mario; Kanalweg 32c¢, 90559 T

31

Burgthann (DE). RIEDEL, Peter; c/o Wavelight GmbH,
Am Wolfsmantel 5, 91058 Erlangen (DE).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:

with international search report (Art. 21(3))

(54) Title: EYE MODEL
P
e AR /
4
e LB
o -
N 4 %% pres w &
,»'/J e /,,f’f /./ yf
Ay o4 5 i F
/) ® & &
S @ @ ST
/87 {e‘;;?;; By /'
/ i | |
# | ; i f" o L
j i

(57) Abstract: An eye model comprises a sclera simulation which is made of a bright plastic material, the plastic material containing
a polyvinyl chloride at least as the main component, and a pattern which contrasts in color with the sclera simulation, the pattern
simulating an eye pupil and/or an iris structure. In a method for producing the eye model, a plate-shaped or rectangular blank of the
plastic material having two oppositely situated blank flat sides is used, from which an eye body is separated by cutting or chipping
machining. The separated eye body has a flattened area which is formed from a first of the blank flat sides, and a convexly curved
peripheral surface which surrounds the flattened area in a ring-like manner. The method also comprises forming the pattern on an
area on the first blank flat side which corresponds to the first flattened area.
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EYE MODEL

Technical Field

The present disclosure relates in general to an eye model. The present disclosure relates in
particular to an eye model which is recordable by means of an infrared camera, a method for
producing the eye model, and a device for using the eye model in conjunction with an

infrared camera.

Background

In a number of measurement methods for measuring the eye, electromagnetic radiation
(hereinafter "light" for short) is radiated onto and/or into the eye to be examined, and the
radiation reflected from the eye is detected and evaluated. Thus, for example, in the field of
refractive laser treatment of the human eye, eye tracking systems (so-called eye trackers)
having at least one infrared camera are used for recording infrared light reflected from the
eye and determining a position and an orientation of the eye based on the recorded infrared
images. By use of suitable processing software, a movement of the eye in the course of

treatment may thus be detected and quantified.

The determination of the position and the orientation of the eye by means of the eye tracker is
based on the detection of eye structures, such as the eye pupil, the iris structure, the limbus,
and blood vessels within the sclera, within the recorded infrared images or VIS images. Test
objects for use in test measurements (during calibration, for example) of the eye tracker
therefore also have such eye structures. The test objects are customarily present as sheet- or

plate-shaped objects having an imprinted replica of one or more of the eye structures (for
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example, only the eye pupil).

For example, a lateral translation of an eye may be simulated and tracked by means of the eye
tracker by effecting a two-dimensional relative movement between the eye tracker and the
test object. However, it should be noted that the eve (for example, during the refractive laser
treatment) may also undergo translations along the optical axis of the eye, and rotations about
the optical axis and also about spatial axes extending perpendicularly thereto. Eye trackers
nowadays are configured for detecting the described movements. However, within the scope
of test measurements it is not possible to adequately simulate all degrees of freedom of the

eye movement by means of the sheet- or plate-shaped test objects.

Summary of Exemplary Embodiments

An object of the present invention is to provide an eye model for use as a test object within

the scope of a test measurement of an eye tracking system.

One aspect of the present invention is an eye model comprising a sclera simulation which is
made of a bright plastic material, the plastic material containing polyvinyl chloride at least as
the main component, and comprising a pattern which contrasts in color with the sclera

simulation, the pattern simulating an eye pupil and/or an iris structure.

As the result of using polyvinyl chloride at least as the main component of the plastic
material, no significant diffuse reflection occurs in the sclera simulation during an infrared
illumination of the eye model. In one preferable embodiment, the plastic material consists of

a polyvinyl chloride.
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The sclera simulation made of the plastic material appears bright under infrared illumination.
Thus, the pattern contrasts in color with the sclera simulation, even under diffused or direct
infrared illumination. The plastic material is preferably white in the area of the sclera

simulation.

In one embodiment, the eye model is formed from an eye body whose surface in the area of
the sclera simulation forms an annular surface in accordance with the shape of a spherical or
ellipsoidal surface. Due to the three-dimensional design of the eye body, in particular due to
the convex curvature of the annular surface (which, for example, models a scleral surface of a
human eye), by rotating the eye model it is possible to simulate a rotational movement about
the optical axis of the eye (z-axis) and about spatial axes extending perpendicularly thereto

(so-called eye roll about the x-axis and the y-axis).

The eye body of the eye model may have a flattened area on which at least a portion of the
pattern, preferably the complete pattern, is situated. It may be provided that the pattern is
situated on only a partial region of the flattened arca. At least in this case, the pattern may
simulate only the eye pupil, for example, which is preferably centrally situated on the
flattened area. In addition, it may be provided that the pattern is situated essentially on the

entire region of the flattened area.

The transition from the annular surface to the flattened arca may be formed by a ring-shaped
edge. The pattern preferably adjoins the ring-shaped edge. The pattern may simulate at least
the iris structure, and its outer edge may adjoin the ring-shaped edge. In any case, the pattern
may be formed by imprinting or painting of the eye body, or by adhering to the eye body an

adhesive element which bears the pattern.
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In one embodiment of the eye model, the eye body has a threaded hole on the annular surface
or on the side of the annular surface opposite from the pattern. A cross section of the threaded
hole may be oriented substantially parallel or substantially rectangular to the flattended arca
in which at least a portion of the pattern is situated. Preferably, the eye body has a flattened
area on the side of the annular surface opposite from the pattern, and is provided with the
threaded hole in the region of this flattened area. The threaded hole may be provided for

purposes of fastening the eye model.

A further aspect of the present invention is an €ye model, in particular the eye model
described herein. The eye model includes an eye body having a flattened area, and a bright,
in particular white, sclera simulation which surrounds the flattened area in a ring-like
manner, wherein a pattern is formed on the flattened area, the pattern contrasting in color
with the sclera simulation and simulating an eye pupil and/or an iris structure. The surface of

the eye body in the area of the sclera simulation forms a convexly curved annular surface.

A further aspect of the present invention is a method for producing an eye model, in
particular for producing one of the eye models described herein. The method comprises
provisioning of a plate-shaped or rectangular blank, the blank being made of a bright, in
particular white, plastic material which contains polyvinyl chloride at least as the main
component, wherein the blank has two oppositely situated blank flat sides. The method also
includes cutting or chipping machining of the blank in order to separate at least one eye body
from the blank, the separated eye body having a first flattened area which is formed from a
first of the blank flat sides, and having a convexly curved peripheral surface which surrounds

the first flattened area in a ring-like manner, and forming of a pattern, which contrasts in
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color with the plastic material and which simulates an eye pupil and/or an iris structure, in an

arca of the first blank flat side which corresponds to the first flattened area.

It may be provided to separate a single eye body or a plurality of eye bodies from the blank.
Separating the plurality of eye bodies may take place, for example, essentially
simultaneously, or essentially simultaneously within a portion of the plurality of eye bodies,

or chronologically in succession.

Forming the pattern on the first blank flat side may take place after the eye body has been
separated from the blank. However, the pattern is preferably formed on the first blank flat
side prior to the step of separating the eye body from the blank. In particular the production
of a plurality of eye models based on a single blank may be simplified and speeded up in this

way.

According to a further development of the method, a threaded hole is introduced into the
blank on the second of the blank flat sides, in association with each eye body to be separated
from the blank, before the respective eye body is separated from the blank. The separated eye
body may have a second flattened area which may be formed by the second blank flat side,

and in which the threaded hole may be situated.

A further aspect of the present invention relates to the use of an eye model, in particular the
use of one of the eye models described herein, for recording images of the eye model by
means of a camera. An infrared camera is used as the camera, and for the eye model, an eye
body is used which has a sclera simulation which is made of a bright plastic material

containing polyvinyl chloride at least as the main component, and which has a pattern, the
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pattern contrasting in color with the sclera simulation and simulateing an eye pupil and/or an
iris structure. It may be provided that the images of the eye model contain at least the pattern

and a portion of the sclera simulation.

The infrared camera may be part of an eye tracking system, wherein the eye model is moved
relative to the infrared camera while the images are recorded, and the eye tracking system
detects eye movements on the basis of the recorded images. For this purpose, it may be
provided that the eye tracking system also has a processing unit which is configured for
determining a position and/or an orientation of the pattern included by the eye model within

the recorded infrared image.

It may also be provided that for use, the eye model is situated on a patient table in the area of
a head support of the patient table while the images are recorded. For example, a positioning
device for the eye model to which the eye model is fastened (screwed, for example) may be

integratable into the head support.

Brief Description of the Drawings

Supplemental features, advantages, and components of the present invention are apparent

from the following description of the appended drawings, which show the following:

Figures 1A to 1D show one exemplary embodiment of an eye model;

Figures 2A and 2B show one exemplary embodiment of a blank for producing the eye

model; and
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Figure 3 shows a device for using the eye model.

Detailed Description of the Exemplary Embodiments

Figures 1A to 1D show schematic illustrations of one exemplary embodiment of an eye
model, denoted in general by reference numeral 10. Figure 1A shows a perspective view,
Figure 1B shows a top view, Figure 1C shows a side view, and Figure 1D shows a sectional

view of the eye model 10 along a section line I indicated in Figure 1B.

In the exemplary embodiment shown in Figures 1A to 1D, the eye model 10 is formed from
an eye body 12. The eye body 12 has a first flattened area 14 within which the surface of the
eye body 12 is planar. The first flattened area 14 forms a disk-shaped (for example,
ellipsoidal and in particular circular) cover surface of the eye model 10. A convexly curved
peripheral surface 18 which circumferentially surrounds the cover surface 14 in a ring-like
manner is joined to the cover surface 14 via a first ring-shaped edge 16. The peripheral
surface 18 is designed as an annular surface which is in accordance with (or which conforms

to) the shape of an ellipsoidal surface (for example, a spherical surface).

The eye body 12 also has a second flattened area 20 opposite from the cover surface 14. The
second flattened area 20 forms a disk-shaped (for example, ellipsoidal and in particular
circular) base arca of the eye model 10. It may be provided that the base area 20 (via a ring-
shaped edge) adjoins the annular surface 18. In the exemplary embodiment shown in Figures
1A to 1D, however, the eye body 12 has a lateral surface 22 which extends between the
annular surface 18 and the base area 20. The planar lateral surface 22 describes the shape of a
cylindrical surface which adjoins the base area 20 and the annular surface 18, respectively,

via two circular edges 24, 26 having the same circumference. In another exemplary
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embodiment, the lateral surface 22 may have a design which conforms to a conical surface,

for example.

The eye model 10 shown in Figures 1A to 1D includes a simulation (i.e., replica) of a human
sclera. The sclera simulation is formed by the eye body 12, in particular the portion of the eye
body 12 that is bordered by the annular surface 18. The eye body 12 is made of white
polyvinyl chloride. No significant diffuse reflection takes place within the polyvinyl chloride
when the eye body 12 is illuminated with infrared light. The eye body 12 thus appears white,

even under infrared illumination.

In another exemplary embodiment, it may be provided that instead of being made of white
polyvinyl chloride, the eye body 12 is made of a bright, in particular white, plastic material
containing (for example, white) polyvinyl chloride at least as the main component. The
plastic material may include further components, such as plasticizers or additional plastics. In
any case, the plastic material should be designed in such a way that it appears bright, in

particular white, even under infrared illumination.

For the eye model 10 shown in Figures 1A to 1D, the simulation includes only a portion of
the human sclera. The portion of the eye body 12 having the sclera simulation forms the
shape of an ellipsoidal layer (for example, a spherical layer). Alternatively, it may be
provided to enlarge the simulated portion of the sclera to form a simulation of essentially the
entire sclera. In the latter case, the eye body 12 may assume the shape of an ellipsoidal dome

(for example, a spherical dome).

As is apparent in Figures 1A and 1B, a pattern 28 is applied to the cover surface 14 of the eye
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model 10. The pattern 28 includes the simulation of an eye pupil 30 and of an iris structure
32. The pattern 28 extends over the entire flattened area of the eye body 12 which forms the
cover surface 14 of the eye model 10. In another exemplary embodiment, it may be provided
that the pattern 28 simulates only the iris structure 32 or only the eye pupil 30. At least in this
case, it is possible to apply no pattern 28 to an area of the cover surface 14 of the eye model

10 (for example, in the case of only a pupil replica, in an area around the eye pupil 30).

It may also be provided that a portion of the pattern 28 (for example, the simulation of the iris
structure 32) extends in a convexly curved surface area of the eye body 12 or is applied
entirely in a convexly curved surface area of the eye body 12 (for example, conforming to the
shape of the annular surface 18). In the latter case, it may be provided that only the

simulation replica of the eye pupil 30 is situated on the cover surface 14 of the eye model 10.

As is apparent in Figures 1A and 1B, the simulation of the eye pupil 30 and the simulation of
the iris structure 32 contrast in color with the sclera simulation. The simulation of the eye
pupil 30 and of the iris structure 32 may be implemented in gray tones, in colors of the RGB

color space, or in colors of the CMYK color space.

At least in the exemplary embodiment shown in Figures 1B and 1C, the flattened area of the
eye body 12 having the pattern 28 is designed as a circular disk. The flattened area (and thus
the pattern 28) has a diameter Jp of about 12 mm. Alternatively, in another exemplary
embodiment the diameter ©p may have values which differ from 12 mm, in a range from
about 9 mm to about 14 mm (in particular between about 10 mm and about 13 mm). The
diameter &p of the flattened area having the pattern 28 corresponds to a typical diameter of

an outer edge of a human iris.
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In addition, the flattened area which forms the base area 20 of the eye model 10 is present as
a circular disk. A diameter Jg of the base area 20 is about 24 mm, at least in the exemplary
embodiment shown in Figures 1B and 1C. Furthermore, the eye body 12 has a height hy,
extending perpendicularly with respect to the base area 20 of the eye model 10 in the area of
the annular surface 18, of about 7.8 mm. A height hy of the eye body 12, extending
perpendicularly with respect to the base area 20 in the area of the lateral surface 22, is about

2.2 mm.

In another exemplary embodiment, at least one of the values of the diameter g and of the
heights hy, hy of the eye body 12 may differ from the stated values. Thus, in the case of the
simulation of a smaller or larger portion of the human sclera, it may be provided that the

diameter O and the height hy vary as a function of one another.

As is clear in Figure 1D, in the region of the flattened area the eye body 12 is provided with a
recess 30 on the side of the annular surface 18 opposite from the pattern 28. Specifically, the
recess 30 is a threaded hole which is introduced into the base area 20 of the eye model 10.
The threaded hole 30 may be used, for example, to arrange (to screw, for example) the eye

model 10 to a positioning device (not shown).

In the exemplary embodiment shown in Figure 1D, the threaded hole 30 extends into the eye
body 12, starting from an area in the middle of the base area 20 of the eye model 10. The
threaded hole 30 also has a height ha, extending perpendicularly with respect to the base arca
20, of about 6.5 mm. In another exemplary embodiment, it may be provided that a plurality of

recesses (for example, a plurality of threaded holes 30) is provided within the eye body 12. In
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addition, the recess or recesses may have an extension that is different from the extension as

described with regard to the exemplary embodiment shown in Figure 1D.

Figures 2A and 2B show schematic illustrations of one exemplary embodiment of a blank,
denoted in general by reference numeral 40, made of the plastic material that is used for
producing the eye body 12 (as described with reference to the preceding figures). Figure 2A
shows a perspective view, and Figure 2B shows a side view, of the blank 40 (oriented in the

direction of the arrow shown in dashed lines in Figure 2A).

The plate-shaped blank 40 of the plastic material (in this case, white polyvinyl chloride) has
two planar, oppositely situated blank flat sides 42, 44. A plurality of patterns 28 (see Figures

1A and 1B) is applied to a first of the blank flat sides 42 (a blank top side 42).

For producing the eye model 10 shown in the preceding figures, an eye body 12 or a plurality
of eye bodies 12 is separated from the blank 40 (as marked by dashed lines in Figure 2B). In
the process, a side surface which joins the flattened areas of the eye body 12 is respectively
produced in the blank 40. The cover surface 14 and the base area 20 of the eye model 10 are
formed by the separated sections of the blank flat sides 42, 44. In the exemplary embodiment
shown in Figure 2B, a height hg which extends between the blank flat sides 42, 44 thus
corresponds to a height of the eye model 10 which extends between the flattened areas of the

eye body 12 (see Figure 1C).

The plurality of the eye bodies 12 separated from the blank 40, i.¢., the plurality of produced
eye models 10, preferably corresponds to the plurality of the patterns 28 applied to (i.c.,

formed on) the blank 40. According to the exemplary embodiment of the blank 40 shown in



CA 03000592 2018-03-29

WO 2017/077403 PCT/IB2016/054828
12

Figure 2A, the patterns 28 are already applied to the blank top side 42 before the eye body 12
is separated. For separating the eye body 12, the convexly curved peripheral surface 18 which
surrounds the pattern 28 in a ring-like manner is produced in the blank 40. In addition, in the
exemplary embodiment shown in Figure 2B, the lateral surface 22 which adjoins the

peripheral surface 18 is produced in the blank 40.

Applying the patterns 28 prior to the separation step simplifies and speeds up the production
of the eye models 10 compared to individually applying a pattern 28 to a respective eye body
12 which has already been separated. In another exemplary embodiment, it may still be
provided to apply an individual pattern 28 or a plurality of patterns 28 (on a planar and/or a
convexly curved area of the surface) after the eye body 12 or the plurality of eye bodies 12
has been separated. The plurality of patterns 28 may substantially resemble each other. At
least in this case, the applying of the plurality of patterns 28 to the eye bodies 12 or to the

blank 40 may be carried out on an automated basis.

The pattern 28 is preferably imprinted on the blank 40 or the eye body 12 which has already
been separated from the blank 40. Alternatively, the pattern 28 may be formed in some other
way on the blank 40 or the eye body 12 which has already been separated from the blank 40.
Thus, for example, it may be provided to paint on the pattern 28, or to apply an adhesive
element which bears the pattern 28. It may be further provided to apply another pattern, such
as a simulation of blood vessels, to the portion of the eye body 12 having the sclera

simulation (as described with regard to Figs. 1A to 1D).

In another exemplary embodiment, it may also be provided that only a single eye body 12 is

separated from the blank 40 in order to produce a single eye model 10. At least in this case,
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the blank 40 may also be rectangular shaped, for example.

It is provided to mill out the eye bodies 12 from the blank 40 shown in Figures 2A and 2B.
Alternatively or additionally, the separation of the eye bodies 12 (or of a single eye body 12)
may include some other cutting or chipping machining of the blank 40. It is also provided
that the eye bodies 12 are separated from the blank 40 in chronological succession. However,
the plurality of eye bodies 12 may also be separated partially simultaneously (for example,

simultaneously in pairs) or simultaneously.

The production of the eye model 10 may include further steps. Thus, it is provided to
introduce the threaded hole 30 shown in Figure 1D (or a plurality of threaded holes 30) into
the blank 40 in association with each eye body 12 to be separated from the blank 40.
Specifically, the threaded hole 30 is introduced into the blank 40 (for example, by milling out
plastic material), starting from the second blank flat side 44 situated opposite from the blank
top side 42. Alternatively, the threaded hole 30 may also be introduced into the eye body 12

after the eye body 12 is separated, starting from the base area 20 of the eye body.

In an alternative embodiment, at least some of the steps of producing the eye model 10 may
be replaced by 3D printing. For example, the eye body 12 may be 3D printed with the plastic
material (such as white polyvinyl chloride). In this case, the 3D printing may further include
the step of applying the pattern 28 to the eye body 12 by printing colored plastic material

(such as colored polyvinyl chloride).

Figure 3 shows, in a highly schematic block diagram, one exemplary embodiment of a

device, denoted in general by reference numeral 50, for using the eye model 10 described
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with reference to Figures 1A to 2B.

The device 50 includes an eye tracking system 52 and a laser device 53 for refractive laser
treatment of a human eye. The eye tracking system 52 may be an eye tracker which is
designed for detecting and quantifying a translational and a rotational eye movement in
multiple dimensions, in particular in more than two dimensions. The eye tracker 52 may, for

example, be part of the laser device 53, illustrated in a highly schematic manner.

The eye tracker 52 may be implemented in various ways known to those skilled in the art. In
the exemplary embodiment shown in Figure 3, the eye tracker 52 includes an infrared camera
unit 54 and a processing unit 56. The eye tracker 52 further includes means (not shown here)
for obtaining information related to the direction along the optical axis of the human eye or
the eye model 10, such as information on a movement of the eye or the eye model 10 along
the optical axis. The means may, for example, include a stripe projector located in the field of

view of the infrared camera unit 54.

The infrared camera unit 54 is configured for recording a plurality of infrared images of the
eye model 10 (and the stripe projector), for example by means of one or a plurality of
infrared cameras positioned around the eye model 10. It is provided that such an infrared
image of the eye model 10 contains the pattern 28 and at least one portion of the sclera
simulation which adjoins the pattern 28 (i.c., an area of the annular surface 18 of the eye
body 12). On account of the plastic material described with reference to Figures 1A to 2B,
the sclera simulation appears bright, even under infrared illumination by the infrared camera
unit 54. Thus, the pattern 28 contrasts in color with the bright sclera simulation, even under

infrared illumination, i.¢., in the infrared image.
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The processing unit 56 is configured for determining a position of the center of the simulation
of the eye pupil 30 and an orientation of the simulation of the iris structure 32 (see Figures
1A, 1B, and 2A) relative to the eye tracker 52 from a single infrared image and a plurality of
infrared images of the eye model 10. Depending on the design of the pattern 28, in another
exemplary embodiment it may be provided, for example, that the processing unit 56
determines only the position of the center of the simulation of the eye pupil 30, for example

by recognizing the pupil margin.

In the exemplary embodiment shown in Figure 3, the eye tracker 52 or the processing unit 56
is connected to a control system 58 of the laser device 53 via a suitable interface, so that the
data concerning the movement of the eye model 10 collected by the eye tracker 52 may be
relayed to the control system 58 in order to carry out the control of laser radiation generated
by the laser device 53, taking into account the eye position and eye orientation determined by
the eye tracker 53. The beam path of the laser radiation is indicated by the arrow denoted by

reference numeral 60.

In the exemplary embodiment shown in Figure 3, the device 50 also includes a positioning
device 62 on which the eye model 10 is arranged. The eye model 10 may thus be fixed, for
example, by screwing the eye model 10 onto threaded sections (screws, for example), not
shown, of the positioning device 62. It is provided to situate the positioning device 62,
together with the eye model 10 arranged thereon, in the area of a head support of a patient
table (not illustrated here), for example by inserting into the patient table by means of a

simple form-locked fit.
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The positioning device 62 is also designed to mechanically adjust the position and orientation
of the eye model 10. A relative movement between the eye model 10 and the eye tracker 52 is
thus effected. Alternatively or additionally, in another exemplary embodiment the relative
movement between the eye tracker 52 and the eye model 10 may take place by changing the

position and orientation of the eye tracker 52.

As the result of such a relative movement between the eye model 10 and the eye tracker 52,
the three-dimensional sclera simulation (as described with reference to Figures 1A to 2B)
allows the simulation of a translational movement of a human eye along and perpendicular to
the optical axis, and also of a rotational movement of the eye about the optical axis (eye roll
about the z-axis) and the spatial axes perpendicular thereto (eye roll about the x-axis and the
y-axis). The effected relative movement may be detected and quantified during the movement
by repeated infrared image recording and infrared image processing by means of the eye
tracker 52. Thus, the functionality of the eye tracker 52 may be tested, for example calibrated,
for all degrees of freedom of eye movements (as they occur, for example, during a refractive

laser treatment).

When the eye model 10 is used in conjunction with the device shown in Figure 3, based on
simulated movements of the eye model 10, such as effected by the positioning device 62, one
or more function tests of the laser device 53 may also be carried out, and/or the laser device
53 may be calibrated, and/or a laser treatment of a human eye by means of the laser device 53

with simultaneous eye tracking may be simulated.
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Claims

1. A test device for calibrating an eye tracking system comprising an eye tracker,
comprising:
an eye model comprising an eye body, the eye body comprising:
a sclera simulation which is made of a bright plastic material, the plastic material
comprising a polyvinyl chloride at least as the main component; and
a pattern which contrasts in color with the sclera simulation, the pattern
simulating an eye pupil and/or an iris structure; and
a positioning device configured to:
fasten to the eye model; and
mechanically adjust the position and orientation of the eye model to move the eye
body relative to the eye tracker system while the eye tracking system records a plurality of

images of the eye model.

2. The test device according to Claim 1, wherein the plastic material is white in the

area of the sclera simulation.

3. The test device according to Claim 1 or 2, wherein the surface of the eye body in
the area of the sclera simulation forms an annular surface in accordance with the shape of a

spherical or ellipsoidal surface.

4. The test device according to Claim 3, wherein the eye body has a flattened area

on which at least a portion of the pattemn is situated.

5. The test device according to Claim 4, wherein the transition from the annular

surface to the flattened area is formed by a ring-shaped edge.
6. The test device according to any one of Claims 3 to 5, wherein the pattern is

formed by imprinting or painting of the eye body, or by adhering to the eye body an adhesive

element which bears the pattern.

Date Recue/Date Received 2023-03-01
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7. The test device according to any one of Claims 3 to 6, wherein:
the eye body has a threaded hole on the side of the annular surface opposite from the
pattern; and

the positioning device has a screw to fasten to the eye body with the threaded hole.

8. The test device according to any one of Claims 3 to 7, wherein the annular

surface is a convexly curved annular surface.

9. Use of the test device according to any one of Claims 1 to 8, for recording the

images of the eye model using a camera of the eye tracking system.

10.  Use according to Claim 9, wherein:
the positioning device mechanically adjusts the position and orientation of the eye model
to move the eye model relative to the camera while the images are recorded; and

the eye tracking system detects eye movements on the basis of the recorded images.

11.  Use according to Claim 9 or 10, wherein the eye model is situated on a patient

table in the area of a head support of the patient table while the images are recorded.

Date Recue/Date Received 2023-03-01
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