I*I Innovation, Sciences et Innovation, Science and CA 3141220 A1 2020/12/17
Développement économique Canada Economic Development Canada
en 3 141 220

Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office

(12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION

(13 A1
(86) Date de dépo6t PCT/PCT Filing Date: 2020/06/10 (51) CliInt./Int.Cl. GO2C 13/00(2006.01),
(87) Date publication PCT/PCT Publication Date: 2020/12/17 A61B 3/10(2006.01), A678 3/11(2006.01)
< - - . (71) Demandeur/Applicant:
(85) Entrée phase nationale/National Entry: 2021/12/09 ACEP FRANCE. FR
(86) N° demande PCT/PCT Application No.: EP 2020/066140
(72) Inventeurs/Inventors:
(87) N° publication PCT/PCT Publication No.: 2020/249643 SAYAG, JEAN-PHILIPPE, FR;
(30) Priorité/Priority: 2019/06/11 (FR FR1906179) SHELYMAGIN, ALEXANDER, LT

(74) Agent: BCF LLP

(54) Titre : PROCEDE DE DETERMINATION DE PARAMETRES OPHTALMIQUES PAR CARTOGRAPHIE 3D
(54) Title: PROCESS FOR DETERMINING OPHTHALMIC PARAMETERS BY 3D MAPPING

[Fig. 1]

(57) Abrégé/Abstract:

A method for determining ophthalmic parameters for a given frame and a given wearer, said method comprising the following
steps: a) said given wearer is fitted with said given frame; b) providing a device comprising a first projecting mean able to project a
pattern of optical radiation onto the face of the wearer, a first camera able to record said pattern of optical radiation, a processing
device able to processes the image of the pattern in order to generate a depth map of the face of the wearer, a screen able to
display the images recorded by said first camera and a light source able to illuminate the pupils of the wearer, c) recording
simultaneously a depth map of the face of the wearer and a picture of the face of the wearer while said light source is illuminating
the pupils of the wearer, d) determining automatically the position of the pupils of the wearer, e) associating the position of the
pupils of the wearer to their respective coordinates in the 3D depth map, f) determining from the respective coordinates of the
pupils of the wearer said ophthalmic parameters.

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

OPIC - CIPO 191



Date Submitted: 2021/12/09

CA App. No.: 3141220

Abstract:

A method for determining ophthalmic parameters for a given frame and a given wearer, said method
comprising the following steps: a) said given wearer is fitted with said given frame; b) providing a
device comprising a first projecting mean able to project a pattern of optical radiation onto the face
of the wearer, a first camera able to record said pattern of optical radiation, a processing device able
to processes the image of the pattern in order to generate a depth map of the face of the wearer, a
screen able to display the images recorded by said first camera and a light source able to illuminate
the pupils of the wearer, ¢) recording simultaneously a depth map of the face of the wearerand a
picture of the face of the wearer while said light source is illuminating the pupils of the wearer, d)
determining automatically the position of the pupils of the wearer, &) associating the position of the
pupils of the wearer to their respective coordinates in the 3D depth map, f) determining from the
respective coordinates of the pupils of the wearer said ophthalmic parameters.
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DESCRIPTION
Title: Process for determining ophthalmic parameters by 3D Mapping.
BACKGROUND OF THE INVENTION

The present invention relates to a device for measuring the various ophthalmic parameters of a
patient. The present invention also relates to a process for measuring the various ophthalmic

parameters of a patient by using the device according to the invention.

Measurement of ophthalmic parameters have traditionally been performed using Frame
Reference Devices (FREDs). The FREDs main function is to provide scale to the image of the
customer wearing a new frame, and also to indicate head rotation and pantoscopic tilt. Some
manufacturers added more functions to FREDs allowing them to measure back vertex distance

(BVD), frame vertical size (B size), or frame wrap angle.

FREDs are used in combination with a camera able to take a picture of the head of the patient
wearing a pair of spectacles associated with the FRED, For example, an image of the patient is
taken, under conditions of extended vision. The peaks of the cornea of the patient's eyes reflect
light from a known source and produce two reflections in the form of two well defined lighter
colored dots. Then, a computer program is able to determine the distance between the two dots
from a distance defined by the scale present on the FRED. The computer program includes a
routine image processing which determines the number of pixels corresponding to the length
of the scale and the number of pixels that separate the two dots, and then knowing the length of
the scale, it calculates the distance between the two pupils.

However, FREDs suffer from many drawbacks. They are cumbersome, not very atiractive, and
sometimes hard to attach to the frame in the right way. Moreover, they can be damaged or being

lost and then have to be replaced.

For these reasons, there is a need for a process for centration measurements without using
FRED.

Some “column™ fixed-type system exist that offer measurements without FRED. For this
purpose, calibrated camera systems and fixed customer positioning have to be used. However,

such columns are cumbersome and expensive.
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To date, there is no known solution that would provide centration measurement without FRED

on a tablet or a mobile platform which would be a more versatile and affordable solution.

SUMMARY OF THE INVENTION

With this respect, the present invention provides a mobile apparatus that allows determining
optical parameters such as pupillary distance without the need of external scales such as FREDs.
Moreover, the apparatus and process according to the invention allow measuring the optical

parameters at the normal reading distance and at the far sightseeing distance.

To this end, the present invention provides a method for determining ophthalmic parameters

for a given frame and a given wearer,
said method comprising the following steps:
a) said given wearer is fitted with said given frame;

b) providing a device comprising a first projecting mean able to project a pattern of optical
radiation onto the face of the wearer, a first camera able to record said pattern of optical
radiation, a processing device able to process the image of the pattern in order to generate a
depth map of the face of the wearer, a screen able to display the images recorded by said first
camera, and a light source able to illuminate the pupils of the wearer,
c) recording simultaneously a depth map of the face of the wearer and a picture of the face of
the wearer while said light source is illuminating the pupils of the wearer,
d) determining automatically the position of the pupils of the wearer,
¢) associating the position of the pupils of the wearer to their respective coordinates in the 3D
depth map,
f) determining from the respective coordinates of the pupils of the wearer said ophthalmic

parameters.

According to a preferred embodiment of the invention, said device is a mobile device (e.g. a

tablet or a smartphone). According to an alternative embodiment, said device is a column.

According to a preferred embodiment of the invention, the process according to the invention
further comprises before step c) a step comprising the determination of the direction of gaze of
the wearer from a depth map obtained by illuminating the face of the wearer by the first
projecting mean with a pattern of optical radiation and by recording a second picture comprising

said pattern.
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According to a preferred embodiment of the invention, the process according to the invention
further comprises before step ¢) a step comprising the determination of the head inclination of
the wearer from a depth map obtained by illuminating the face of the wearer by the first
projecting mean with a pattern of optical radiation and by recording a second picture comprising

said pattern.

According to a preferred embodiment, the method according to the invention further comprises
a step wherein the position of the pupils obtained at step d) is displayed on the screen with said

recorded image of the face of the wearer and wherein said position can be corrected.

According to a preferred embodiment, the method according to the invention further comprises
a step wherein the position of said frame is calculated from the recorded image of the face of

the wearer and said position is associated to its respective coordinate in the 3D depth map.

According to a preferred embodiment, the method according to the invention further comprises
a step where the position of said frame is displayed on the screen with said recorded image of

the face of the wearer and wherein said position can be corrected.

According to a preferred embodiment, said optical parameters are chosen from the group
comprising far vision pupillary distance, near vision pupillary distance, vertex, pantoscopic tilt,

frame wrap, near vision fitting height and far vision fitting height.

According to a preferred embodiment, the wearer is holding said mcbile device at an arm length

and at eye level.

According to another preferred embodiment, the wearer is holding said mobile device at a

reading distance.
According to a preferred embodiment, said screen displays a focusing point while step c}).
According to a preferred embodiment, said screen displays a transversal line while step ¢).

According to a preferred embodiment, said light source is obtained by displaying a white form

on said screen while step ¢).

According to a preferred embodiment, said screen displays the image recorded by said camera.
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The present invention also provides a device, preferably a mobile device, comprising a first
projecting mean able to project a pattern of optical radiation onto the face of an individual
wearing a frame, a first camera able to record said pattern of optical radiation, a processing
device able to process the image of the pattern in order to generate a depth map of the face of
said individual, a screen able to display the images recorded by said first camera, a light source
able to illuminate the pupils of the wearer wherein said device further comprises a software able

to implement a process according to the invention.
Brief description of the illustration.

[Fig. 1] is a picture of a user holding the mobile device according to the invention at an arm

length.

[Fig. 2] is a screenshot of the screen displayed by the mobile device according to the invention

while recording a picture of the user’s face.

[Fig. 3] is a picture of a user holding the mobile device according to the invention in a reading

position.

[Fig. 4] illustrates the combination of a far vision depth map with a reading position depth map

to calculate vertex and pantoscopic tilt.

Detailed description of the invention.

The present invention provides a process and a mobile device able to determine the optical
parameters of a wearer of a frame without using external calibration references. The wearer can

use the mobile device according to the invention without the need of an external help.

The process according to the invention can be divided into two main phases. A first phase, in
which the wearer use the mobile device according to the invention at an arm length in order to
measure his optical parameters at a far sight distance. A second phase, wherein the wearer hold
the mobile device according to the invention as a book in order to measure his optical

parameters at a reading distance.

The process according to the invention is based on 3D mapping ability to measure distance with
high precision. 3D mapping is obtained by a set of several equipment components working

jointly to scan the surrounding continuously while the camera is active to build a depth map.
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Thanks to the 3D mapping precise distance measurements of points of interest on the customer
picture, it is possible to put the customer image in scale, and perform centration measurements

with good precision.

This set of equipment able to produce a depth map is provided, for example, in smartphone or
tablet. With this respect, the mobile device according to the invention preferably comprises a
smartphone or a tablet and the software able to implement the process according to the invention

is a smartphone application.

In order to produce a depth map, the apparatus according to the invention comprises a first
projecting mean able to project a pattern of optical radiation onto the body (or at least parts of
the body) of the patient. According to a preferred embodiment, the optical radiation used for
this purpose is typically in the infrared (IR) range.

In order to capture an image of the patient with the optical radiation pattern, the apparatus
according to the invention further comprises a first camera. Preferably, the optical axis of the
first projection mean is parallel to the optical axis of said first camera. Furthermore, said first
camera comprises a sensor able to record the optical radiation emitted by said first projection

mean.

In order to process the image recorded by said first camera, the apparatus according to the
invention further comprises a processing device able to processes the image of the pattern in
order to generate a depth map of the body, i.e., an array of 3D coordinates, comprising a depth

(Z) coordinate value of the body surface at each point (X, Y) within a predefined area.

For example, the processing device computes the 3D coordinates of points on the surface of the

patient’s face by triangulation.

Alternatively, the apparatus according to the invention can comprise a first camera able to
record said optical radiation pattern and a second camera able to capture an image of the patient.
In this embodiment, the processing device super-imposes the images produced by the two

cameras in order to produce said depth map.

Furthermore, the processing device is advantageously able to processes the data generated in

order to extract 3D image information.
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According to a preferred embodiment, the processing device is able to identify parts of the face
of the patient such as the internal corner of the eyes, the pupils centre, the middle of the

forehead, and/or the middle of the chin and determine their 3D locations.

According to an even more preferred embodiment, the processing device is able to identify

parts of the spectacles womn by the patient and determine their 3D location.

The apparatus according to the invention also comprises a screen able to display the images
recorded by one of the camera of said apparatus and/or user’s information. According to a

preferred embodiment of the invention, said screen is a touchscreen.

For the production of a depth map of a patient, an illumination pattern illuminates the face of
said with an appropriate pattern. For this purpose, the first projection means typically comprises
a suitable radiation source, and optics, such as a diffuser or a diffractive optical element, for

creating the pattern.

The first camera or the first and the second camera record an image of the pattern on the
patient’s face. First and second camera typically comprises an optic, which image the patient’s

face onto a sensor.

As previously explained, the radiation source typically emits IR radiation, but other radiation
bands, in the visible or ultraviolet range may also be used. When IR radiation are used, the
sensor may comprise a monochrome image sensor, without an IR-cut-off filter, in order to

detect the image of the projected pattern with high sensitivity.

The processing device receives and processes image inputs from said camera. Said processing
device compares the recorded image to a reference image of the pattern projected onto a plane,
at a known distance. The processing device matches the local patterns in the recorded image to
those in the reference image and thus finds the transverse shift for each pixel. Based on these
transverse shifts and on the known distance the processing device computes a depth (Z)

coordinate for each pixel.

The device according to the invention further comprises a light source able to illuminate the
pupils of the user in order to produce bright {(e.g. white) spots, which will be detected by the
device according to the invention. According to a preferred embodiment of the invention, said

light source is an electronic flash. According to another preferred embodiment said light source
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is produced by said screen. According to a more preferred embodiment, said light source is
produced by displaying a bright (e.g. white) shape, preferably a parallelepiped or a circle, on

the screen.

According to a first embodiment of the invention, in order to produce optical parameters
measurements at a far sight distance, the wearer of the frame hold the mobile device according

to the invention with one or preferably both his hands stretched (see [Fig. 1]).

In order to help the wearer to put the mobile device according to the invention at the right level
(i.e. at the eyes level), the screen of said mobile device preferably displays in real time the
image recorded by said camera superimposed with a transversal horizontal line, Said horizontal
line can be used as a target by the wearer. The correct positioning of the mobile device
according to the invention is obtained by aligning the image of the eyes of the wearer with said

horizontal line.

According to a more preferred embodiment, the device according to the invention is able to
display a signal to the user when the face, the eyes and the frame are correctly positioned toward
said device. Accordingly, the process according to the invention further comprises a step
wherein said device displays a signal to the user when his face, his frame and/or his eyes are
correctly positioned toward said device. Moreover, the software able to implement the process
according to the invention can restrict the further progress of the process according to the

invention until the face, the frame and/or the eyes are correctly positioned.

According to a further preferred embodiment of the invention, the mobile device according to
the invention comprises a gyroscope or a digital accelerometer able to determine the vertical
inclination of said mobile device. According to this embodiment said information is provided,
via said screen, to the wearer in order to help him to hold said mobile device vertical.
Alternatively, the software able to implement the process according to the invention can restrict
the further progress of the process according to the invention until said mobile device is vertical.
The position of said horizontal line on the screen can be calculated by said processing device
by computing the distance from the camera to the screen of the mobile device, the orientation

of said camera, the vertical orientation or horizontal orientation of said mobile device.

According to a preferred embodiment of the invention, the head inclination of the wearer is

determined from a depth map obtained by illuminating the face of the wearer by the first
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projecting mean with a pattern of optical radiation and by recording a second picture comprising
said pattern as previously explained. According to a more preferred embodiment the head
inclination of the wearer is determined continuously at least until said head inclination is
equivalent to the natural head inclination. As used herein the term “equivalent” means that the
head inclination of the wearer is within -12 - +12 deg range of a natural head inclination,
According to this embodiment said information is provided, via said screen, to the wearer in
order to modify his head inclination. Alternatively, the software able to implement the process
according to the invention can restrict the further progress (into step ¢)) of the process according

to the invention until said head inclination is equivalent to a natural head inclination.

The measurement of the ophthalmic parameters of the wearer when his head inclination is

natural allows to obtain optimal results.

According to a preferred embodiment of the invention, the direction of gaze of the wearer is
determined from a depth map obtained by illuminating the face of the wearer by the first
projecting mean with a pattern of optical radiation and by recording a second picture comprising
said pattern as previously explained. According to a preferred embodiment of the invention, the
inclination of the mobile device (provided by on-board accelerometer) is used in combination
with said depth-map to determine said direction of gaze. According to a more preferred
embodiment the direction of gaze of the wearer is determined continuously at least until said
gaze is horizontal, According to this embodiment said information is provided, via said screen,
to the wearer in order to modify his direction of gaze. Alternatively, the software able to
implement the process according to the invention can restrict the further progress (into step c))

of the process according to the invention until said direction of gaze is horizontal.

When the position of the mobile device and head inclination are correct, the wearer can start
the measurement by pressing a dedicated position of the screen. Alternatively, said
measurement process can be induced by any other means. For example, the mobile device
according to the invention can comprise a microphone able to transmit the sounds, emitted by
the wearer, to the processing device. With this respect, the measurement process can be induced

via the emission of a specific word.

The measurement process comprises the step of simultaneously taking a picture of the face of
the wearer and a depth map of said face. In order to help the discrimination of the pupils by the

processing device, the picture of the face of the wearer is taken while a light source is
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illuminating his pupils. This light source might be an electronic flash or preferentially, the
reflection on the pupils is obtained by displaying on the screen a light colored shape (e.g. a
white shape). According to a preferred embodiment, said shape covers 40 to 100% of the
screen’s surface. Moreover, while recording the picture of the wearer’s face, the screen of the
mobile device according to the invention 1s preferentially displaying a target (i.e. a focusing
point) near the position of the camera and the user is invited to look at this target (see [Fig. 2]).
According to a preferred embodiment of the invention, said target is red and even more

preferably is a red circle.

Alternatively, it can be advantageous to shift said target to the right, to the left, above or below
said camera in order to make the eyes and/or the head of the wearer move to follow the target.
This specific embodiment of the invention allows to determine the dominant eye, the ocular

mobility and/or the head mobility of the wearer.

While this picture is recorded by the camera, the face of the wearer is also illuminated by the
first projecting mean with a pattern of optical radiation and a second picture comprising said
pattern is recorded. As both pictures have been taken simultaneously, they can be superimposed,
and each pixels of the first picture can be associated to a precise geographic location via the

depth map calculated from the second picture.

The processing device automatically detects pupils centers from the first picture. The one
skilled in the art of image processing knows how to detect such points. For example, the pixels
corresponding to the pupils centers can be discriminated from the pixels surrounding them by

their specific color.

In a preferred embodiment, the picture of the face is displayed with the automatically detected
positions of the pupils. Thus, these positions can be corrected, when needed, by the user. The

correction of the position is preferably made by using the touchscreen when available.

As soon as the exact positions of the pupils centers are validated by the user, the processing
device can calculate the distance between each pupils from their respective positions on the
depth map. The optical parameters are then preferably displayed on the screen and recorded
with or without the depth map and the picture of the face of the wearer in a storage device. With

this respect, the mobile device according to the invention further comprises a storage media.
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Furthermore, the processing device automatically detects the position of the frame’s rims from
the first picture and/or from the depth map. The one skilled in the art of image processing knows
how to detect such positions. For example, the pixels corresponding to the rim have the same
color and form a geometric shape that can be disciminated from the pixels surrounding them.
The position of the rims can also be deduced from the depth maps as the rims form a geometrical

shape enclosed in a vertical plane in front of the wearer’s face.

According to a preferred embodiment of the invention, the positions of the pupils used for the
calculation of the ophthalmologic parameters can be corrected in order to take into account the
convergence of the eyes on the device according to the invention. This correction can be made
by using the distance, between the device according to the invention and the eyes, provided by

the depth map.

In a preferred embodiment, the picture of the face is displayed with the automatically detected
positions of the rims. Thus, these positions can be corrected, when needed, by the user. The

correction of the position is preferably made by using the touchscreen when available,

As soon as the exact positions of the rims and of the pupils centers are validated by the user,
the processing device can calculate the distance between each pupils and their respective rims,
from their respective positions on the depth map. Preferably, the distance between the pupil and

the lower edge of its respective rim is calculated.

According to a second embodiment of the invention, in order to produce optical parameters
measurements at a reading distance, the wearer of a frame holds the mobile device according

to the invention with one or both his hands in a natural reading position (see [Fig. 3]).
The remaining part of the process is identical to the one disclosed above.

In order to calculate more optical parameters, such as pantoscopic tilt and vertex, the process
according to the invention use a combination of the depth map and the picture recorded at a far

sight distance with the depth map and the picture recorded at a reading distance.

According to this further embodiment of the invention, the process according to the invention
compriscs a step where a 3D scene is reconstructed from the picture obtained at far sight
distance and the picture obtained at a reading distance. Methods to create a 3D scene form two

2D pictures 1s well known to the one skilled in the art of computer vision and can be
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implemented easily in the processing device comprised in the mobile device according to the
invention. Examples of said methods are available, for example, at

https://en. wikipedia.org/wiki/3D_reconstruction.

The two pictures can be related to one another by using cardinal points detected on the wearer’s

face. Among these points, the middle of the forehead and the middle of the chin are preferred.

The process for calculating pantoptic tilt and vertex from this reconstructed 3D scene is
illustrated in [Fig. 4] and comprises the following steps

- determination of the top frame point position in 3D scene and bottom frame point position in
3D scene,
- construction of a first line from camera position for far sight picture photo to top frame point
on the far sight photo projection,
- construction of a second line from camera position for reading distance picture to top frame
point on reading distance picture projection
- determination of the top frame point position in the 3D scene from the point of intersection of
said first and second lines,
- construction of a third line from camera position for far sight picture photo to bottom frame
point on the far sight photo projection,
- construction of a fourth line from camera position for reading distance picture to bottom frame
point on reading distance picture projection
- determination of the bottom frame point position in the 3D scene from the point of intersection

of said third and fourth lines.

The pantoscopic tilt and the vertex can then be directly determined form the exact position
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REVENDICATIONS
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A method for determining ophthalmic parameters for a given frame and a given wearer,
said method comprising the following steps:
a) said given wearer is fitted with said given frame;
b) providing a mobile device comprising a first projecting mean able to project a pattern
of optical radiation onto the face of the wearer, a first camera able to record said pattern
of optical radiation, a processing device able to processes the image of the pattern in
order to generate a depth map of the face of the wearer, a screen able to display the
images recorded by said first camera and a light source able to illuminate the pupils of
the wearer,
c¢) recording simultaneously a depth map of the face of the wearer and a picture of the
face of the wearer while said light source is illuminating the pupils of the wearer,
d) determining automatically the position of the pupils of the wearer,
e) associating the position of the pupils of the wearer to their respective coordinates in
the 3D depth map,
f) determining from the respective coordinates of the pupils of the wearer said
ophthalmic parameters.

The method according to claim 1 further comprising a step wherein the position of the
pupils obtained at step d) is displayed on the screen with said recorded image of the face
of the wearer and wherein said position can be corrected.

The method according to claim 1 further comprising a step wherein the position of said
frame is calculated form the recorded image of the face of the wearer and said position
is associated to its respective coordinate in the 3D depth map.

The method according to claim 1 further comprising a step where the position of said
frame is displayed on the screen with said recorded image of the face of the wearer and
wherein said position can be corrected.

The method according to claim 1 wherein said optical parameters are chosen from the
group comprising far vision pupillary distance, near vision pupillary distance, vertex
pantoscopic tilt, frame wrap, near vision fitting height and far vision fitting height.

The method according to claim 1, wherein the wearer is holding said mobile device at
an arm length and at eye level.

The method according to claim 1, wherein the wearer is holding said mobile device at

a reading distance.



CA 03141220 2021-12-9

WO 2020/249643 PCT/EP2020/066140

10.

11

14,

15,

16.

17.

13

The method according to claim 1, wherein it further comprises before step ¢) a step
comprising the determination of the direction of gaze of the wearer from a depth map
obtained by illuminating the face of the wearer by the first projecting mean with a
pattern of optical radiation and by recording a second picture comprising said pattern.

The method according to claim 1, wherein it further comprises before step ¢) a step
comprising the determination of the head inclination of the wearer from a depth map
obtained by illuminating the face of the wearer by the first projecting mean with a
pattern of optical radiation and by recording a second picture comprising said pattern.

The method according to claim 1, wherein said screen displays a focusing point while

step ©).

. The method according to the preceding claim, wherein said focusing point 1s a red circle
12.
13.

The method according to claim 10, wherein said focusing point is near said camera.
The method according to claim 10, wherein said focusing point is shifted to the right, to
the left, above or below said camera

The method according to claim 1, wherein said screen displays a transversal line while
step ¢).

The method according to claim 1, wherein said light source is obtained by displaying a
white form on said screen while step c).

The method according the screen to claim 1, wherein said screen displays the image
recorded by said camera.

A device, preferably a mobile device, comprising a first projecting mean able to project
a pattern of optical radiation onto the face of an individual wearing a frame, a first
camera able to record said pattern of optical radiation, a processing device able to
process the image of the pattern in order to generate a depth map of the face of said
individual, a screen able to display the images recorded by said first camera, a light
source able to illuminate the pupils of the wearer wherein said mobile device further

comprises a software able to implement a process according to claim 1.
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[Fig. 2]
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[Fig. 3]
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[Fig. 4]
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