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Description

Field of the Invention

[0001] The present invention relates to an ophthalmic
camera, ophthalmic camera adaptor and methods, for
determining a haemoglobin and glucose level of a pa-
tient. In particular, the invention relates to a miniaturised
ophthalmic camera adaptor for non-mydriatic use.

Background Art

[0002] The following discussion of the background to
the invention is intended to facilitate an understanding of
the presentinvention. However, it should be appreciated
that the discussion is not an acknowledgement or admis-
sion that any of the material referred to was published,
known or part of the common general knowledge of a
skilled person in any jurisdiction as at the priority date of
the application.

[0003] The eye is a complex structure having multiple
layers and sub-structures. In order to obtain a diagnosis
of certain adverse conditions of the eye, images of one
or more layers or sub-structures need to be captured.
[0004] Previously, such images were obtained by the
use of a monochromatic camera having narrow wave-
length coloured paper filters covering an associated light
source. However, this arrangement produces deficien-
cies, namely:

* Light passing through a paper filter typically has a
variable wavelength reflecting the variations in the
surface of the paper filter;

* The associated light source is typically brighter than
is needed to illuminate the eye; and

* Asdifferent layers of sub-structures of the eye need
to be imaged, time needs to be spent in changing
the paper filter.

[0005] Itis therefore an object of the present invention
to provide an optical arrangement that alleviates some
or all of the problems associated with the prior art. An
apparatus according to the preambile of claim 1 is known
from US 2003/0011757.

Disclosure of the Invention

[0006] Throughout the specification, unless the con-
text requires otherwise, the word "comprise" or variations
such as "comprises" or "comprising", will be understood
to imply the inclusion of a stated integer or group of in-
tegers but not the exclusion of any other integer or group
of integers.

[0007] In accordance with a first embodiment of the
invention there is an ophthalmic camera comprising:
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a camera having a camera lens;
at least one illumination means; and
an ophthalmic lens,

where, the centres of the ophthalmic lens and camera
lens are aligned to form an alignment axis and where the
atleast one illumination means is capable of linear move-
ment along a radial axis of the camera lens and pivotal
movement about the radial plane incorporating radial axis
and alignment axis, such that the circle of light emitted
by the at least one illumination means is constantly di-
rected to the centre of the ophthalmic lens.

[0008] Preferably, the ophthalmic camera further com-
prises selection means for choosing from a plurality of
settings, each setting representing a pupil size or range
of pupil sizes, such that, when the setting is changed,
the at least one illumination means moves linearly along
its radial axis to the position specified by the new setting
and pivots about the radial plane until the circle of light
emitted by the at least one illumination means is directed
on the centre of the ophthalmic lens.

[0009] Alternatively, the linear and pivotal movement
of the at least one illumination means is controlled by one
or more manual control.

[0010] Asyeta furtheralternative, the ophthalmic cam-
era comprises automated measuring means for obtain-
ing a measurement of the size of the pupil to be examined,
the automated measuring means also controlling the lin-
ear and pivotal movement of the at least one illumination
means to a position determined best for the measured
pupil size.

[0011] Preferably, the ophthalmic camera comprises
at least one magnification lens, each magnification lens
being associated with at least one linear position of the
at least one illumination means, such that the linear po-
sition of the at least one illumination means determines
which magnification lens are positioned within the align-
ment axis.

[0012] Preferably, one of the at least one illumination
means has a wavelength In the range 450 to 490nm.
Ideally, the illumination means has a wavelength of
490nm.

[0013] Preferably, one of the at least one illumination
means has a wavelength in the range 491 to 559nm:
Ideally, the illumination means has a wavelength of
540nm.

[0014] Preferably, one of the at least one illumination
means has a wavelength in the range 560 to 595nm.
Ideally, the illumination means has a wavelength of
590nm.

[0015] Preferably, one of the at least one illumination
means has a wavelength in the range 596 to 699nm.
Ideally, the illumination means has a wavelength of
630nm.

[0016] Preferably, one of the at least one illumination
means has a wavelength of 700nm,
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[0017] Preferably, one of the at least one illumination
means produces white light.

[0018] Preferably, the camera is a digital camera or an
analogue camera with digitising means for producing a
digital representation of analogue images taken by the
analogue camera.

[0019] Preferably, the at least one illumination means,
or a subset of the at least one illumination means, is il-
luminated in accordance with a predetermined se-
quence.

[0020] Preferably, the ophthalmic camera has at least
one interface means for connecting to at least one of the
following: an external computer, an external monitor, an
external spectrometer.

[0021] Preferably, the ophthalmic camera comprises
a spectrometer, the spectrometer operable to produce a
spectroscopic graph of images taken by the camera.
[0022] Preferably, the at least one illumination means
is of variable intensity. Ideally, the level of intensity of the
at least one illumination means is a function of a pupil
colour setting of the ophthalmic camera.

[0023] Preferably, each of the at least one illumination
means surrounds the circumference of the camera lens.
[0024] Preferably, each illumination means is equidis-
tant from its adjacent illumination means.

[0025] Preferably, the illumination means are solid
state light emitting diodes. Alternatively, the illumination
means comprises light bulbs and a light focusing means.
[0026] Preferably, the camera has a high sensitivity to
low light. Ideally, the sensitivity level of the camera is
<0.05 lux.

[0027] Preferably, the camera lens is between 5 and
8mm in diameter.

[0028] Preferably, the ophthalmic lens is in the range
of 20 to 40 dioptres. Ideally, the ophthalmic lens is 20
dioptres.

[0029] Preferably, the ophthalmic camera further com-
prises focusing means. Ideally, the focusing means takes
the form of movement means operable to move the oph-
thalmic lens linearly along the alignment axis.

[0030] Preferably, the ophthalmic lens is equal to or
smaller than the camera lens.

[0031] Inaccordance with a second embodiment of the
present invention there is an ophthalmic camera adaptor
comprising:

at least one illumination means; and
an ophthalmic lens,

where, the centres of the ophthalmic lens and camera
lens are aligned to form an alignment axis and where the
atleast one illumination means is capable of linear move-
ment along a radial axis of the camera lens and pivotal
movement about the radial plane incorporating radial axis
and alignment axis, such that the circle of light emitted
by the at least one illumination means is constantly di-
rected to the centre of the ophthalmic lens.
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[0032] The ophthalmic camera adaptor has all of the
additional features of the ophthalmic camera as appro-
priate.

[0033] In accordance with a third embodiment of the

present invention, there is a wearable frame having at
least one ophthalmic camera according to the first em-
bodiment of the invention fixed thereon.

[0034] Inaccordance with a fourth embodiments of the
present invention, there is a wearable frame having at
least one ophthalmic camera according to the first em-
bodiment of the invention slidably mounted thereon.
[0035] In accordance with a fifth embodiment of
present invention, there is a method of determining a
glucose level of a patient using an ophtalmic camera or
ophtalmic camera adaptor as defined above, comprising:

emitting a beam of light having a wavelength in the
range 670 to 590nm into a pupil of the patient;

taking an image of the pupil using a camera having
an associated ophthalmic lens of at least 20X mag-
nification; and

determining the glucose level of the patient from in-
formation ascertainable from the image of blood in
the veins of the optic diso.

[0036] In accordance with a sixth embodiment of the
present invention, there is a method of determining a
haemoglobinlevel of a patientusing an ophtalmic camera
or ophtalmic camera adaptor as defined above, compris-

ing:

emitting a beam of light having a wavelength in the
range 570 to 590nm into a pupil of the patient;

taking an image of the pupil using a camera having
an associated ophthalmic lens of at least 20x mag-
nification;

determining the haemoglobin level of the patient
from the image of the macula.

Brief Description of the Drawings

[0037] The invention will now be described, by way of
example only, with reference to the accompanying draw-
ings, of which:

Figure 1 is a schematic of the optics of an ophthalmic
camera and ophthalmic camera adaptor of the
present invention.

Figure 2 is an isometric view of the optics of the oph-
thalmic camera and ophthalmic camera adaptor

shown in Figure 1.

Figures 3a and 3b are isometric views of an ophthal-
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mic camera adaptor of the present invention.

Figure 4 is a block diagram of an embodiment of the
ophthalmic camera of the present invention.

Figure 5 is an isometric view of a frame arrangement
for the ophthalmic camera of the present invention
with the ophthalmic camera situate thereon.

Best Mode(s) for Carrying Out the Invention

[0038] In accordance with a first embodiment of the
invention there Is provided an ophthalmic camera 100
comprising a monochromatic camera 102 highly sensi-
tive to low light (ie. somewhere in the range of <0.05 lux),
a plurality of solid-state LED 104 and an ophthalmic lens
106 all contained within a housing (not shown).

[0039] The monochromatic camera 102 has a camera
lens 108. Ideally, the camera lens 108 has a diameter of
5-8mm. This is because lenses of a greater diameter
have been found to produce circular occlusions on the
resulting image.

[0040] The plurality of LEDs 104 surround the circum-
ference of the camera lens 108 and are linked to a control
unit 110. Each LED 104 is equidistant to its adjacent
LEDs. 104.

[0041] LEDs 104 are able to move linearly along their
respective radial axes (marked A through E). Each LED
104 is able to pivot towards, or away from the camera
lens 108 about the plane (marked A’ through E’) extend-
ing from its respective radial axis A-E.

[0042] The ophthalmic lens 106 has an inner surface
121 which opposes the camera lens 118. The centre of
the camera lens 118 aligns with the centre of the inner
surface 121. Ideally, the ophthalmic lens 106 is of the
same size as, or smaller than, camera lens 108 and po-
sitioned within optical axis X of the monochromatic cam-
era 102.

[0043] The ophthalmiclens 106 is typically in the range
of 20 to 40 dioptres, with 20 dioptres considered optimal.
To allow for focusing of the ophthalmic lens 106, the oph-
thalmic lens 106 is capable of linear movement along
optical axis X of the monochromatic camera 102.
[0044] The position of the LEDs 104 is a function of
the current setting of the ophthalmic camera 100. Each
setting of the ophthalmic camera 100 represents a range
of pupil 101 sizes. To elaborate,

e setting 1is used for pupils 101 of size less than 3mm;

* setting 2is used for pupils 101 having a size between
3-4mm; and

* setting 3 is used for dilated pupils 101.
[0045] Upon choosing a setting LEDs 104 move, from

their present linear and pivotal position, linearly along
their respective radial axes (marked A through F) and
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pivot about their respective axial plane (marked A’
through F’) to the position represented by the newly cho-
sen setting, such that, at this new position, the centre of
the circle generated by the light emitted by the LED 104
at the point of intersection with the ophthalmic lens 116
is substantially equal to the centre of the inner surface
121 thereof.

[0046] In the embodiment shown:

e LED 112 generates a homogenous blue light having
awavelength somewhere in the range 450t0490nm;

* LED 114 generates a homogenous green light hav-
ing a wavelength somewhere in the range of 491 to
559nm;

e LED 116 generates a homogenous yellow light hav-
ing a wavelength somewhere in the range 560 to
595nm;

* LED 118 generates a homogenous red light having
awavelength somewhere in the range 596 to 699nm;
and

e LED 120generates ahomogenousinfrared light hav-
ing a wavelength of 700nm.

* LED 123 generates awhite lighthaving a wavelength
spanning the spectrum of 390nm to 699nm.

[0047] Ideally, LEDs 112, 114, 116, 118 and 120 have
wavelengths of 490nm, 540nm, 590nm, 630nm and
700nm, respectively.

[0048] The optical arrangement described above is
shown in Figure 1.

[0049] Inuse, the user manipulates the controlunit 110
to illluminate one off the LEDs 104. The LED 104 that is
illuminated is determined by the area of the eye to be
imaged. In this regard:

« ifan image of the optic nerve fibres is desired, blue
LED 112 is illuminated;

* if an image of the cotton wool spots or veins is de-
sired, green LED 114 is illuminated;

e If an image useful for diabetic retinopathy or an im-
age of the eye 103 of good overall contrastis desired,
yellow LED 116 is illuminated;

e Ifanimage of the surface of the choroids is desired,
red LED 118 is llluminated. Depending on the wave-
length of the red LED 118, the captured image may
show some element of the choroid below the surface:

e if an image of elementes below the surface of the
choroid is desired, infrared LED 120 is illuminated;
and
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e If a standard image of the eye is desired, white LED
123 is illuminated.

[0050] Once the desired LED 104 is illuminated, the
ophthalmic lens 106 is moved along optical axis X until
the image to be captured; as determined at the point of
the monochromatic camera 102, is focused. The image
can then be captured as per the mechanisms for doing
so provided by the monochromatic camera 102 used.
Ideally, LED 116 has a wavelength in the range 570 to
590nm. Taking an image using LED 116 with an ophthal-
mic lens 106 having 20x magnification, allows a clear,
sizable, picture of the veins of the optic disc and the mac-
ula. Using this image, the glucose level of the patient can
be determined from the level of blood shown in the veins
of the optic disc. Similarly, or alternatively, the haemo-
globin level of the patient can be determined from the
image of the maoula.

[0051] Inaccordance with a second embodiment of the
invention, where like numerals reference like parts, there
is an ophthalmic camera adaptor 200. The ophthalmic
camera adaptor 200 is shown in Figures 3a and 3b.
[0052] The ophthalmic camera adaptor 200 consists
of a body 202. In the embodiment being described, body
202 is substantially rectangular in shape and has a rear
face 204, two sides 206a. 206b and a front face 208.
[0053] Located centrally about rear face 204 is an ap-
erture 210. Aperture 210 extends through the ophthalmic
adaptor 200 such that aperture 210 is also located cen-
trally about front face 208. Situate adjacent aperture 210
is an interface contact 212.

[0054] adjacent face 204 are two snap clips 214a,
214b. Snap clip 214a extends from side 206a, while snap
clip 214b extends from side 206b. Each snap clip 214
has an internal recess 216 positioned such that, when
appropriate pressure is applied, the snap clips 214 can
flex towards aperture 210. Snap clips 214a, 214b are
adapted to be releasably retained within grooves on the
body of a camera (not, shown) to which It is ultimately
attached.

[0055] Surrounding front face 208, and extending
along a portion of sides 206 towards rear face 204, is a
rubber overmoulding 218, Rubber ovarmoulding 218
covers a potion 220 of each snap clip 214. Finger grips
222 are formed within the external surface 224 of rubber
overmoulding 218 at a position substantially adjacent
portion 220.

[0056] The optics of the ophthalmic adaptor 200 com-
prise a plurality of coloured LEDs 104 substantially equi-
distantly disposed around the circumference of aperture
210. The LEDs 104 comprise a blue LED 112, green LED
114,yellow LED 118, red LED 118, infrared 120 and white
LED 123. The wavelengths of each LED 112, 114, 116,
118, 120, 123 is as set out in respect of the first embod-
iment of the invention.

[0057] EachLED 104 is connected to the interface con-
tact 212 such that control of the LED is facilitated through
the interface contact 212.
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[0058] The light emitted by each LED 104 is directed
towards the ophthalmic lens 108 as described in the first
embodiment of the invention. The ophthalmic lens 108
is positioned in the aperture 210 such that the ophthalmic
lens 108 is substantially flush with front face 208. How-
ever, the ophthalmic lens 108 is capable of linear move-
ment along aperture 210 so as to allow for focusing of
the image to be captured.

[0059] When the ophthalmic adaptor 200 is releasably
retained within the grooves on the body of the camera,
the following situation exists:

e aperture 210 aligns with the optical axis X of the cam-
era, such that at least a portion of the optical axis X
is not obscured by the remainder of the adaptor (ex-
cluding ophthalmic lens 108);

¢ interface contact 212 forms a connection with the
camera such that the camera may perform the same
functions as control unit 110; and

* theexternal surface 224 of rubber overmoulding 218
may sit flush with the external surface of the camera.

[0060] In accordance with a third embodiment of the
invention, where like numerals refer to like parts, the con-
trol unit 110 is replaced with an electronic control system
300. The electronic control system 300 includes a power
supply 302. The power supply 302, through electronic
control system 300, provides power to the monochromat-
ic camera 102 and LEDs 104. In all other respects, the
electronic control system is equivalent to the control unit
110. The electronic control system is, however, connect-
ed to a computer 304.

[0061] Additionally, the monochromatic camera 102 is
a digital camera with two output parts. The first output
port is connected to computer 304. The second output
port is optionally, connected to a monitor 306. .

[0062] During use of the ophthalmic camera 100, de-
tails of the settings of the ophthalmic camera 100 are
communicated to the computer 304 by the electronic con-
trol system 300. As images are captured, the monochro-
matic camera 102 also provides a digitised version of the
image to computer 304. Software stored on computer
304 allows the combination of digitised image and setting
details to be manipulated in a manner as desired by the
user.

[0063] For instance, a pseudo-colour picture can be
formed for diagnostic use by combining images captured
using three different wavelength images. Alternatively, a
monochromatic reference image may be taken using a
single wavelength. The image can then be manipulated
to create a 3-band false colour image. The false colour
image can then be colour-matched with a colour image
taken with a fundus camera (not shown) and the resulting
colour-matched image used for diagnostic purposes.
[0064] The monitor 306 receives constant information
from the monochromatic camera 102 representing the
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image presently within its optical axis X. In this manner,
the user can, by viewing the image on monitor 305, de-
cided whether to capture the then current image or not.
[0065] In accordance with a fourth embodiment of the
invention, where like numerals reference like parts, there
is provided a frame 400 for the ophthalmic camera of the
first embodiment comprising a cross-member 402 and a
plurality of supporting members 404.

[0066] Cross-member 402 is attached to supporting
member 404a at one end thereof and attacked to sup-
porting member 404b at the other end.

[0067] Supporting member 404a and 404b are sub-
stantially perpendicular to cross-member 402 and sub-
stantially parallel to each other. At the unattached end of
each supporting member 404a, 404b, is a curved hook-
like arrangement 406a, 406b.

[0068] Supporting member 404c is "L"-shaped and at-
tached at a point substantially central to cross-member
402. Supporting member 404c protrudes in the same di-
rection relative to cross-member 402 as curved hook-like
arrangements 406a, 406b The portion of supporting
member 404c notattached to cross-member 402 extends
towards the curved hook-like arrangements 406a, 406b.
[0069] A "C"-shaped portion 408 is attached to the
open end of supporting member 404c, such that the open
area 410 of the "C"-shaped portion 408 is unobstructed.
[0070] Attached to cross-member 402 is the ophthal-
mic camera 100 of the first embodiment of the invention.
The ophthalmic camera 100 can be moved along the full
length of cross-member 402. Again, this arrangement is
possible due to the minimal size of the optical setup of
the ophthalmic camera 100.

[0071] The end result is that the frame 400 is similar
in structure to standard glass frames.

[0072] In use, the operator of the ophthalmic camera
100 places the frame 400 on their face such that hook-
like arrangements 406a, 406b fit around the ear of the
operator and the open area 410 of the "C"-shaped portion
408 cups the nose of the operator.

[0073] When placed on the face of the operator, the
ophthalmic camera 100 is spaced therefrom by the length
of the supporting members 406. The operator may then
operate the ophthalmic camera 100 as mentioned above
to capture an image of one of the patient’'s eyes. Once
the image is captured, the ophthalmic camera 100 can
then be moved along cross-member 102 to allow an im-
age to be captured of the patient’s other eye.

[0074] The frame 400 is then removed from the face
of the operator and the hook-like arrangements 406a,
406b inverted. The operator may then replace the frame
ontheirfaceto capture animage of the patient’s other eye
[0075] In accordance with a fifth embodiment of the
invention, where like numerals reference like parts, there
is provided a frame 500 for the ophthalmic camera of the
first embodiment comprising a cross-member 502 and
plurality of supporting members 504.

[0076] Cross-member 502 is attached to supporting
member 504a at one end thereof and attached to sup-
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porting member 504b at the other end.

[0077] Supporting members 504a and 504b are sub-
stantially perpendicular to cross-member 502 and sub-
stantially parallel to each other. At the unattached end of
each supporting member 504a, 504b is a curved hook-
like arrangement 506a, 506b. The hook-like arrange-
ments 506a, 506b are capable of inversion.

[0078] Supporting member 504c is "L"-shaped and at-
tached at a point substantially central to cross-member
502. Supporting member 504c protrudes in the same di-
rection relative to cross-member 502 as curved hook-like
arrangements 506a, 506b. The portion of supporting
member 404¢ not attached to cross-member 502 extends
towards the curved hook-like arrangements 506a, 506b.
[0079] A "C"-shaped portion 508 is attached to the
open end of supporting member 504c such that the open
area 510 of the "C"-shaped portion 508 is unobstructed.
[0080] Attached to cross-member 502 at a position be-
tween supporting members 504c and 504a or between
supporting members 504c and 504b is the ophthalmic
camera 100 of the first embodiment of the invention. The
ophthalmic camera 100 can be moved along the cross-
member 502, the movement of the ophthalmic camera
100 being bound by supporting member 504a and 504c
or supporting members 504c and 504b, as appropriate.
This arrangement is possible due to the minimal size of
the optical setup of the ophthalmic camera 100.

[0081] The end result is that the frame 500 is similar
in structure to standard glass frames.

[0082] In use, the operator of the ophthalmic camera
100 places the frame 500 on their face such that hook-
like arrangements 506a, 506b fit around the ear of the
operatorandthe open area 510 of the "C"-shaped portion
508 cups the nose of the operator.

[0083] When placed on the face of the operator, the
ophthalmic camera 100 is spaced therefrom by the length
of the supporting members 506. The operator may then
operate the ophthalmic camera 100 as mentioned above
to capture an image of one of the patient’s eyes.

[0084] The frame 500 is then removed from the face
of the operator and the hook-like arrangements 506a,
506b inverted. The operator may then replace the frame
on their face to capture an image of the patient’s other
eye.

[0085] It should be noted that the inversion means
used in this embodiment must be semi-rigid to ensure
that the frame 500 does not fall away from the operator’s
face through reason of an unintended inversion of the
hook-like arrangements 506a, 506b.

[0086] In accordance with a sixth embodiment of the
invention, where like numerals reference like parts, the
fourth embodiment of the invention is modified to include
a second ophthalmic camera 100. In this arrangement,
the ophthalmic cameras 100 are identical in their config-
uration such that the operator can take pictures of both
of the patient’s eyes without the need for removal of the
frame 400. It is therefore unnecessary, in this arrange-
ment, for hook-like arrangements 406a, 406b to be In-
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vertible.

[0087] It should be appreciated by the person skilled
in the art that the present invention is not limited to the
above embodiments and that variations and modifica-
tions thereof are considered to be within the scope of the
invention. In particular, the following modifications and
variations fall within the scope of the invention:

* monochromatic camera 102 may be replaced with a
colour camera (which may or may notresultin aneed
for other filters). Additionally, monochromatic cam-
era 102, or colour camera (as appropriate), may be
a digital camera or an analog camera coupled with
digitising means for generating a digital representa-
tion of the analog image taken by the analog camera.

* the ophthalmic lens 106 may be replaced with any
other type of lens.

e the ophthalmic camera 100 may Include a spectrom-
eter. In such an arrangement the image taken by the
ophthalmic camera 100 may be analysed by the
spectrometer to produce a spectroscopic graph of
the image. The spectroscopic graph can then be
used in measuring the glucose or haemoglobin lev-
els of the patient. Alternatively, images taken by the
ophthalmic camera 100 may be subjected to the
aforementioned analysis by an external spectrome-
ter.

e the plurality of LEDs 104 may be set on a time delay
arrangement, whereby each, or a subset of, LEDs
104 are illuminated in sequence and for a predeter-
mined period of time;

e the plurality of LEDs 104 may be replaced with a
single LED disposed about the circumference of the
camera lens 108;

e the plurality of LEDs 104 may be arranged such that
each LED 104 is of the same colour but of a differing
wavelength.

¢ the ophthalmic camera 100 and ophthalmic camera
adaptor 100 may include magnification lenses. Each
magnification lens is associated with at least one set-
ting, such that, on choosing the setting, the magni-
fication lens is positioned within the optical axis X of
the monochromatic camera 102 and in-between the
ophthalmic lens 116 and the camera lens 118.

* An alternate number of settings may be used than
has been described herein. Alternatively, rather than
having settings that move the LEDs 104 to prede-
fined positions, the linear and pivotal movement of
LEDs 104 may be facilitated through separate man-
ual controls.
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e The linear and pivotal movement of LEDs 104 may
be facilitated through a single manual control.

e Controlunit 120 may be adapted to control the linear
and pivotal movement of LEDs 104 based on the
determined size of the pupil 121. to be examined.

¢ the linear movement of the ophthalmic lens 108 as
a means of focusing the image to be captured can
be replaced by other focusing structures.

e the adaptor structure mentioned above can be re-
placed with any other structure incorporating the op-
tical arrangement mentioned.

* the interface contract 212 may be omitted and in its
place control unit 110 may be in-built into the adaptor.

* image manipulation techniques or procedures, other
than those mentioned above, may be used to create
an image useful for diagnostic purposes.

e powersupply 302 may take the form of a mains adap-
tor or a battery

* theinversion means of frame 500 may take the form,
amongst others, of deformable hook-like arrange-
ments 506a, 506b or hook-like arrangements 506a,
506b that are rotatable about supporting members
506a, 506b respectively.

[0088] It should be further appreciated by the person
skilled in the art that features and modifications dis-
cussed above, not being alternatives or substitutes, can
be combined to form yet other embodiments that fall with-
in the scope of the invention described.

Claims

1. Anophthalmic camera apparatus comprising a cam-
era (102) having a camera lens (108), at least one
illumination means (104) and an ophthalmic lens
(10B), characterised in that the centres of the oph-
thalmiclens (108) and camera lens (108) are aligned
to form an alignment axis (X) and where the at least
one illumination means (104) is capable of linear
movement along a radial axis (A-E) of the camera
lens (108) and pivotal movement about the radial
plane (A’-E’) incorporating radial axis and alignment
axis, such that the circle of light emitted by the at
least one illumination means (104) is constantly di-
rected to the centre of the ophthalmic lens (106).

2. An ophthalmic apparatus according to claim 1,
wherein the camera (102) is a digital camera or an
analogue camera with digitising means for producing
a digital representation of analogue images taken by
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the analogue camera.

An ophthalmic apparatus according to claims 1 or 2,
where each of the at least one illumination means
(104) surrounds the circumference of the camera
lens (108).

Anophthalmic apparatus according to claim 3, where
each illumination means (104) is equidistant from its
adjacent lllumination means.

Anophthalmic apparatus according to any preceding
claim, where the camera (102) has a high sensitivity
to low light.

Anophthalmic apparatus according to claim 5, where
the sensitivity level of the camera is <0.05 lux.

Anophthalmic apparatus according to any preceding
claim, where the camera lens (108) is between 5 and
8mm in diameter.

Anophthalmic apparatus according to any preceding
claim, where the ophthalmic lens (108) is equal to or
smaller than the camera lens (108) in size.

An ophthalmic camera adaptor apparatus (200)
comprising at least one illumination means (104);
and an ophthalmic lens (106), wherein the ophthal-
mic apparatus (200) is arranged for connection to a
camerahavinga cameralens characterised in that,
in use, the centres of the ophthalmic lens (106) and
camera lens (108) are aligned to form an alignment
axis (X) and where the at least one illumination
means (104) is capable of linear movement along a
radial axis (A-E) of the camera lens (108) and pivotal
movement about the radial plane (A’-E’) incorporat-
ing radial axis and alignment axis, such that the circle
of light emitted by the atleast one illumination means
(104) is constantly directed to the centre of the oph-
thalmic lens (106).

Anophthalmic apparatus according to any preceding
claim, further comprising selection means for choos-
ing from a plurality of settings, each setting repre-
senting a pupil size or range of pupil sizes, such that,
when the setting is changed, the at least one illumi-
nation means (104) moves linearly along its radial
axis (A-E) to the position specified by the new setting
and pivots about the radial plane (A’-E’) until the cir-
cle of light emitted by the at least one illumination
means is directed on the centre of the ophthalmic
lens.

Anophthalmic apparatus according to any preceding
claim, where the linear and pivotal movement of the
at least one illumination means (104) is controlled
by one or more manual controls.
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An ophthalmic apparatus according to any of claims
1 to 10, further comprising automated measuring
means for obtaining a measurement of the size of
the pupil to be examined, the automated measuring
means also controlling the linear and pivotal move-
ment of the at least one illumination means (104) to
a position determined best for the measured pupil
size.

An ophthalmic apparatus according to any preceding
claim, further comprising at least one magnification
lens, each magnification lens being associated with
at least one linear position of the at least one illumi-
nation means (104), such that the linear position of
the atleastone illumination means determines which
magnification lens are positioned within the align-
ment axis (X).

An ophthalmic apparatus according to any preceding
claim, where one of the at least one illumination
means (104) has a wavelength in the range 450 to
490nm.

An ophthalmic apparatus according to claim 14,
where the illumination means (104) has a wave-
length of 490nm.

An ophthalmic apparatus according to any preceding
claim, where one of the at least one illumination
means (104) has a wavelength in the range 491 to
559nm.

An ophthalmic apparatus according to claim 16,
where the illumination means (104) has a wave-
length of 540nm.

An ophthalmic apparatus according to any preceding
claim, where one of the at least one illumination
means (104) has a wavelength in the range 560 to
595nm.

An ophthalmic apparatus according to claim 18,
where the illumination means (104) has a wave-
length of 590nm.

An ophthalmic apparatus according to any preceding
claim, where one of the at least one illumination
means (104) has a wavelength in the range 596 to
699nm.

An ophthalmic apparatus according to claim 20,
where the illumination means (104) has a wave-
length of 630nm.

An ophthalmic apparatus according to any preceding
claim, where one of the at least one illumination
means (104) has a wavelength of 700nm.
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Anophthalmic apparatus according to any preceding
claim, where one of the at least one illumination
means (104) produces white light.

Anophthalmic apparatus according to any preceding
claim, where the at least one illumination means
(104), or a subset of the at least one illumination
means, is illuminated In accordance with a predeter-
mined sequence.

Anophthalmic apparatus according to any preceding
claim including at least one interface means (212)
for connecting to at least one of the following: an
external computer, an external monitor, an external
spectrometer.

Anophthalmic apparatus according to any preceding
claim, further comprising a spectrometer, the spec-
trometer operable to produce a spectroscopic graph
of images taken by the camera.

Anophthalmic apparatus according to any preceding
claim, where the at least one illumination means
(104) is of variable intensity.

An ophthalmic apparatus according to claim 27,
where the level of intensity of the at least one illumi-
nation means (144) is a function of a pupil colour
setting of the ophthalmic device.

Anophthalmic apparatus according to any preceding
claim, where the illumination means (104) are solid
state light emitting diodes.

An ophthalmic apparatus according to any one of
claims 1 to 28, where the illumination means (104)
comprises light bulbs and a light focusing means.

Anophthalmic apparatus according to any preceding
claim, where the ophthalmiclens (106) is in the range
of 20 to 40 dioptres.

An ophthalmic apparatus according to claim 31,
where the ophthalmic lens (106) is 20 dioptres.

Anophthalmic apparatus according to any preceding
claim, further comprising focusing means.

An ophthalmic apparatus according to claim 33,
where the focusing means takes the form of move-
ment means operable to move the ophthalmic lens
(106) linearly along the alignment axis (X).

A wearable frame (400) having at least one ophthal-
mic apparatus accordingto claim 1,and any of claims
9 and 11 to 34 when dependent upon claim 1, fixed
thereon.
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36.

37.

38.

A wearable frame (400) having at least one ophthal-
mic apparatus according to claim 1, and any of claims
9and 11to 34 whendependentupon claim 1, slidably
mounted thereon.

A method of determining a glucose level of a patient
using the ophthalmic apparatus according to any one
of claims 1 to 34, comprising: emitting a beam of light
having a wavelength in the range 570 to 590nm into
a pupil of the patient; taking an image of the pupil
using a camera (102) having an associated ophthal-
mic lens (106) of at least 20x magnification; and de-
termining the glucose level of the patient from the
level of blood in the veins of the optic disc.

A method of determining a haemoglobin level of a
patient using the ophthalmic apparatus according to
any one of claims 1 to 34, comprising: emitting a
beam of light having a wavelength In the range 570
to 590nm into a pupil of the patient; taking an image
of the pupil using a camera (902) having an associ-
ated ophthalmic lens (106) of at least 20x magnifi-
cation; and determining the haemoglobin level of the
patient from the image of the macula.

Patentanspriiche

1.

Ophthalmische Kameravorrichtung mit einer Kame-
ra (102), die eine Kameralinse (108) aufweist, min-
destens einer Beleuchtungseinrichtung (104) und ei-
ner ophthalmischen Linse (106), dadurch gekenn-
zeichnet, dass die Zentren der ophthalmischen Lin-
se (106) und der Kameralinse (108) ausgerichtet
sind, um eine Ausrichtungsachse (X) zu bilden, und
wobei die mindestens eine Beleuchtungseinrichtung
(104) zu einer geradlinigen Bewegung entlang einer
radialen Achse (A-E) der Kameralinse (108) und zu
einer Schwenkbewegung um die radiale Ebene (A’-
E’), die die radiale Achse und die Ausrichtungsachse
enthalt, in der Lage ist, so dass der Kreis von Licht,
das von der mindestens einen Beleuchtungseinrich-
tung (104) emittiert wird, konstant auf das Zentrum
der ophthalmischen Linse (106) gerichtet wird.

Ophthalmische Vorrichtung nach Anspruch 1, wobei
die Kamera (102) eine Digitalkamera oder eine Ana-
logkamera mit einer Digitalisierungseinrichtung zum
Erzeugen einer digitalen Darstellung von durch die
Analogkamera aufgenommenen analogen Bildern
ist.

Ophthalmische Vorrichtung nach Anspruch 1 oder
2, wobei jede der mindestens einen Beleuchtungs-
einrichtung (104) den Umfang der Kameralinse
(108) umgibt.

Ophthalmische Vorrichtung nach Anspruch 3, wobei
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jede Beleuchtungseinrichtung (104) von ihrer be-
nachbarten Beleuchtungseinrichtung gleich beab-
standet ist.

Ophthalmische Vorrichtung nach einem vorange-
henden Anspruch, wobei die Kamera (102) eine ho-
he Empfindlichkeit gegen schwaches Licht aufweist.

Ophthalmische Vorrichtung nach Anspruch 5, wobei
das Empfindlichkeitsniveau der Kamera < 0,05 Lux
ist.

Ophthalmische Vorrichtung nach einem vorange-
henden Anspruch, wobei die Kameralinse (108) ei-
nen Durchmesser zwischen 5 und 8 mm aufweist.

Ophthalmische Vorrichtung nach einem vorange-
henden Anspruch, wobei die ophthalmische Linse
(106) hinsichtlich der GroRe gleich oder kleiner als
die Kameralinse (108) ist.

Ophthalmische Kameraadaptervorrichtung (200)
mit mindestens einer Beleuchtungseinrichtung
(104); und einer ophthalmischen Linse (106), wobei
die ophthalmische Vorrichtung (200) zur Verbindung
mit einer Kamera mit einer Kameralinse angeordnet
ist, dadurch gekennzeichnet, dass bei der Ver-
wendung die Zentren der ophthalmischen Linse
(106) und der Kameralinse (108) ausgerichtet sind,
um eine Ausrichtungsachse (X) zu bilden, und wobei
die mindestens eine Beleuchtungseinrichtung (104)
zu einer geradlinigen Bewegung entlang einer radia-
len Achse (A-E) der Kameralinse (108) und zu einer
Schwenkbewegung um dieradiale Ebene (A’-E’), die
die radiale Achse und die Ausrichtungsachse ent-
halt, in der Lage ist, so dass der Kreis des Lichts,
das von der mindestens einen Beleuchtungseinrich-
tung (104) emittiert wird, konstant auf das Zentrum
der ophthalmischen Linse (106) gerichtet wird.

Ophthalmische Vorrichtung nach einem vorange-
henden Anspruch, die auRerdem eine Auswahlein-
richtung zum Auswahlen aus mehreren Einstellun-
gen aufweist, wobei jede Einstellung eine Pupillen-
gréRRe oder einen Bereich von Pupillengrofien dar-
stellt, so dass, wenn die Einstellung geandert wird,
die mindestens eine Beleuchtungseinrichtung (104)
sich geradlinig entlang ihrer radialen Achse (A-E) in
die durch die neue Einstellung festgelegte Position
bewegt und um die radiale Ebene (A’-E’) schwenkt,
bis der Kreis des Lichts, das von der mindestens
einen Beleuchtungseinrichtung emittiert wird, auf
das Zentrum der ophthalmischen Linse gerichtet ist.

Ophthalmische Vorrichtung nach einem vorange-
henden Anspruch, wobei die geradlinige und die
Schwenkbewegung der mindestens einen Beleuch-
tungseinrichtung (104) durch eine oder mehrere ma-
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nuelle Steuerungen gesteuert werden.

Ophthalmische Vorrichtung nach einem der Anspri-
che 1 bis 10, die auRerdem eine automatisierte Mes-
seinrichtung zum Erhalten einer Messung der GréRRe
der zu untersuchenden Pupille aufweist, wobei die
automatisierte Messeinrichtung auch die geradlinige
und die Schwenkbewegung der mindestens einen
Beleuchtungseinrichtung (104) in eine Position, die
als flr die gemessene Pupillengrée am besten be-
stimmt wird, steuert.

Ophthalmische Vorrichtung nach einem vorange-
henden Anspruch, die auRerdem mindestens eine
Vergroflerungslinse aufweist, wobei jede VergroRe-
rungslinse mindestens einer linearen Position der
mindestens einen Beleuchtungseinrichtung (104)
zugeordnet ist, so dass die lineare Position der min-
destens einen Beleuchtungseinrichtung bestimmt,
welche VergréRerungslinse innerhalb der Ausrich-
tungsachse (X) positioniert wird.

Ophthalmische Vorrichtung nach einem vorange-
henden Anspruch, wobei eine der mindestens einen
Beleuchtungseinrichtung (104) eine Wellenlange im
Bereich von 450 bis 490 nm aufweist.

Ophthalmische Vorrichtung nach Anspruch 14, wo-
bei die Beleuchtungseinrichtung (104) eine Wellen-
Iange von 490 nm aufweist.

Ophthalmische Vorrichtung nach einem vorange-
henden Anspruch, wobei eine der mindestens einen
Beleuchtungseinrichtung (104) eine Wellenlange im
Bereich von 491 bis 559 nm aufweist.

Ophthalmische Vorrichtung nach Anspruch 16, wo-
bei die Beleuchtungseinrichtung (104) eine Wellen-
Iange von 540 nm aufweist.

Ophthalmische Vorrichtung nach einem vorange-
henden Anspruch, wobei eine der mindestens einen
Beleuchtungseinrichtung (104) eine Wellenlange im
Bereich von 560 bis 595 nm aufweist.

Ophthalmische Vorrichtung nach Anspruch 18, wo-
bei die Beleuchtungseinrichtung (104) eine Wellen-
Iange von 590 nm aufweist.

Ophthalmische Vorrichtung nach einem vorange-
henden Anspruch, wobei eine der mindestens einen
Beleuchtungseinrichtung (104) eine Wellenlange im
Bereich von 596 bis 699 nm aufweist.

Ophthalmische Vorrichtung nach Anspruch 20, wo-
bei die Beleuchtungseinrichtung (104) eine Wellen-
Iange von 630 nm aufweist.
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Ophthalmische Vorrichtung nach einem vorange-
henden Anspruch, wobei eine der mindestens einen
Beleuchtungseinrichtung (104) eine Wellenlange
von 700 nm aufweist.

Ophthalmische Vorrichtung nach einem vorange-
henden Anspruch, wobei eine der mindestens einen
Beleuchtungseinrichtung (104) weilles Licht er-
zeugt.

Ophthalmische Vorrichtung nach einem vorange-
henden Anspruch, wobei die mindestens eine Be-
leuchtungseinrichtung (104) oder eine Teilmenge
der mindestens einen Beleuchtungseinrichtung ge-
maf einer vorbestimmten Sequenz erleuchtet wird.

Ophthalmische Vorrichtung nach einem vorange-
henden Anspruch mit mindestens einer Schnittstel-
leneinrichtung (212) zum Verbinden mit mindestens
einem der folgenden: einem externen Computer, ei-
nem externen Monitor, einem externen Spektrome-
ter.

Ophthalmische Vorrichtung nach einem vorange-
henden Anspruch, die auRerdem ein Spektrometer
aufweist, wobei das Spektrometer betriebsfahig ist,
um einen spektroskopischen Graphen von durch die
Kamera aufgenommenen Bildern zu erzeugen.

Ophthalmische Vorrichtung nach einem vorange-
henden Anspruch, wobei die mindestens eine Be-
leuchtungseinrichtung (104) eine variable Intensitat
aufweist.

Ophthalmische Vorrichtung nach Anspruch 27, wo-
bei der Intensitdtspegel der mindestens einen Be-
leuchtungseinrichtung (104) eine Funktion einer Pu-
pillenfarbeinstellung der ophthalmischen Vorrich-
tung ist.

Ophthalmische Vorrichtung nach einem vorange-
henden Anspruch, wobei die Beleuchtungseinrich-
tung (104) Festkdrper-Leuchtdioden sind.

Ophthalmische Vorrichtung nach einem der Anspri-
che 1 bis 28, wobei die Beleuchtungseinrichtung
(104) Glihlampen und eine Lichtfokussiereinrich-
tung aufweist.

Ophthalmische Vorrichtung nach einem vorange-
henden Anspruch, wobei die ophthalmische Linse
(106) im Bereich von 20 bis 40 Dioptrien liegt.

Ophthalmische Vorrichtung nach Anspruch 31, wo-
bei die ophthalmische Linse (106) 20 Dioptrien auf-

weist.

Ophthalmische Vorrichtung nach einem vorange-
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henden Anspruch, die aulerdem eine Fokussierein-
richtung aufweist.

Ophthalmische Vorrichtung nach Anspruch 33, wo-
bei die Fokussiereinrichtung die Form einer Bewe-
gungseinrichtung annimmt, die betriebsfahig ist, um
die ophthalmische Linse (106) geradlinig entlang der
Ausrichtungsachse (X) zu bewegen.

Tragbarer Rahmen (400) mit mindestens einer dar-
an befestigten ophthalmischen Vorrichtung nach An-
spruch 1 und einem der Anspriiche 9 und 11 bis 34,
wenn in Abhangigkeit von Anspruch 1.

Tragbarer Rahmen (400) mit mindestens einer ver-
schiebbar daran angebrachten ophthalmischen Vor-
richtung nach Anspruch 1 und einem der Anspriiche
9 und 11 bis 34, wenn in Abhangigkeit von Anspruch
1.

Verfahren zum Bestimmen eines Glukosespiegels
eines Patienten unter Verwendung der ophthalmi-
schen Vorrichtung nach einem der Anspriiche 1 bis
34, das umfasst: Emittieren eines Lichtstrahls mit
einer Wellenlange im Bereich von 570 bis 590 nm in
eine Pupille des Patienten; Aufnehmen eines Bildes
der Pupille unter Verwendung einer Kamera (102)
mit einer zugehdrigen ophthalmischen Linse (106)
mit einer mindestens 20-fachen VergréRerung; und
Bestimmen des Glukosespiegels des Patienten aus
dem Blutspiegel in den Venen der Sehnervenschei-
be.

Verfahren zum Bestimmen eines Hamoglobinspie-
gels eines Patienten unter Verwendung der ophthal-
mischen Vorrichtung nach einem der Anspriiche 1
bis 34, das umfasst: Emittieren eines Lichtstrahls mit
einer Wellenlange im Bereich von 570 bis 590 nm in
eine Pupille des Patienten; Aufnehmen eines Bildes
der Pupille unter Verwendung einer Kamera (102)
mit einer zugehdrigen ophthalmischen Linse (106)
mit einer mindestens 20-fachen VergréRerung; und
Bestimmen des Hamoglobinspiegels des Patienten
aus dem Bild der Makula.

Revendications

Dispositif d’appareil photographique ophtalmique
comportant un appareil photographique (102) ayant
un objectif d’appareil photographique (108), au
moins un moyen d’éclairage (104) et une lentille oph-
talmique (106), caractérisé en ce que les centres
de la lentille ophtalmique (106) et de I'objectif de I'ap-
pareil photographique (108) sont alignés afin de for-
mer un axe d’alignement (X) et ou le au moins un
moyen d’éclairage (104) est capable d’effectuer un
mouvement linéaire le long d’un axe radial (A-E) de
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I'objectif de I'appareil photographique (108) et un
mouvement de pivotement autour du plan radial (A’-
E’) incorporant un axe radial et un axe d’alignement,
de sorte que le cercle de lumiére émis par le au moins
un moyen d’éclairage (104) est constamment dirigé
vers le centre de la lentille ophtalmique (106).

Dispositif ophtalmique selon la revendication 1, dans
lequel 'appareil photographique (102) est un appa-
reil photographique numérique ou un appareil pho-
tographique analogique ayant des moyens de nu-
mérisation pour produire une représentation numeé-
riqgue d’'images analogiques prises par l'appareil
photographique analogique.

Dispositif ophtalmique selon les revendications 1 ou
2,dans lequel chacun du au moins un moyen d’éclai-
rage (104) entoure la circonférence de I'objectif de
I'appareil photographique (108).

Dispositif ophtalmique selon la revendication 3, dans
lequel chaque moyen d’éclairage (104) est équidis-
tant par rapport a ses moyens d’éclairage adjacents.

Dispositif ophtalmique selon I'une quelconque des
revendications précédentes, dans lequel I'appareil
photographique (102) a une forte sensibilité a une
faible lumiere.

Dispositif ophtalmique selon la revendication 5, dans
lequel le niveau de sensibilité de 'appareil photogra-
phique est < 0,05 lux.

Dispositif ophtalmique selon I'une quelconque des
revendications précédentes, dans lequel 'objectifde
I'appareil photographique (108) a un diamétre com-
pris entre 5 et 8 mm.

Dispositif ophtalmique selon I'une quelconque des
revendications précédentes, dans lequel la lentille
ophtalmique (106) a une taille égale ou inférieure a
I'objectif de I'appareil photographique (108).

Dispositif adaptateur d’appareil photographique
ophtalmique (200) comportant au moins un moyen
d’éclairage (104) ; et une lentille ophtalmique (106),
dans lequel le dispositif ophtalmique (200) est agen-
cé en vue d’'une connexion a un appareil photogra-
phique ayant un objectif d’appareil photographique
caractérisé en ce que, en utilisation, les centres de
la lentille ophtalmique (106) et de 'objectif de I'ap-
pareil photographique (108) sont alignés afin de for-
mer un axe d’'alignement (X) et ou le au moins un
moyen d’éclairage (104) est capable d’effectuer un
mouvement linéaire le long d’un axe radial (A-E) de
I'objectif de I'appareil photographique (108) et un
mouvement de pivotement autour du plan radial (A’-
E’) incorporant un axe radial et un axe d’alignement,
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de sorte que le cercle de la lumiére émise par le au
moins un moyen d’éclairage (104) est constamment
dirigé vers le centre de la lentille ophtalmique (106).

. Dispositif ophtalmique selon I'une quelconque des

revendications précédentes, comportant en outre
des moyens de sélection pour choisir parmi une plu-
ralité de paramétres, chaque parametre représen-
tant une taille de pupille ou une plage de tailles de
pupille, de sorte que, lorsque le paramétre est mo-
difié, le au moins un moyen d’éclairage (104) se dé-
place de maniére linéaire le long de son axe radial
(A-E) vers la position spécifiée par le nouveau pa-
rameétre et pivote autour du planradial (A’-E’) jusqu’a
ce que le cercle de lumiere émis par le au moins un
moyen d’éclairage soit dirigé sur le centre de la len-
tille ophtalmique.

Dispositif ophtalmique selon 'une quelconque des
revendications précédentes, dans lequel le mouve-
ment linéaire etde pivotement du au moins un moyen
d’éclairage (104) est commandé par une ou plu-
sieurs commandes manuelles.

Dispositif ophtalmique selon 'une quelconque des
revendications 1 a 10, comportant en outre des
moyens de mesure automatisés pour obtenir une
mesure de la taille de la pupille a examiner, les
moyens de mesure automatisés commandant éga-
lement le mouvement linéaire et de pivotement du
au moins un moyen d’éclairage (104) a une position
déterminée comme étant optimale pour la taille de
pupille mesurée.

Dispositif ophtalmique selon 'une quelconque des
revendications précédentes, comportanten outre au
moins une lentille de grossissement, chaque lentille
de grossissement étant associée a au moins une
position linéaire du au moins un moyen d’éclairage
(104), de sorte que la position linéaire du au moins
un moyen d’éclairage détermine les lentilles de gros-
sissement qui sont positionnées dans I'axe d’aligne-
ment (X).

Dispositif ophtalmique selon 'une quelconque des
revendications précédentes, dans lequel 'un des au
moins un moyen d’éclairage (104) a une longueur
d’onde comprise dans la plage de 450 a 490 nm.

Dispositif ophtalmique selon la revendication 14,
dans lequel les moyens d’éclairage (104) ont une
longueur d’onde de 490 nm.

Dispositif ophtalmique selon 'une quelconque des
revendications précédentes, dans lequel 'un d’au
moins un moyen d’éclairage (104) a une longueur
d’onde comprise dans la plage de 491 a 559 nm.
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Dispositif ophtalmique selon la revendication 16,
dans lequel les moyens d’éclairage (104) ont une
longueur d’onde de 540 nm.

Dispositif ophtalmique selon I'une quelconque des
revendications précédentes, dans lequel 'un d’au
moins un moyen d’éclairage (104) a une longueur
d’onde comprise dans la plage de 560 a 595 nm.

Dispositif ophtalmique selon la revendication 18,
dans lequel les moyens d’éclairage (104) ont une
longueur d’onde de 590 nm.

Dispositif ophtalmique selon I'une quelconque des
revendications précédentes, dans lequel 'un du au
moins un moyen d’éclairage (104) a une longueur
d’onde comprise dans la plage de 596 a 699 nm.

Dispositif ophtalmique selon la revendication 20,
dans lequel les moyens d’éclairage (104) ont une
longueur d’onde de 630 nm.

Dispositif ophtalmique selon I'une quelconque des
revendications précédentes, dans lequel 'un du au
moins un moyen d’éclairage (104) a une longueur
d’'onde de 700 nm.

Dispositif ophtalmique selon I'une quelconque des
revendications précédentes, dans lequel 'un du au
moins un moyen d’éclairage (104) produit une lumie-
re blanche.

Dispositif ophtalmique selon I'une quelconque des
revendications précédentes, dans lequel 'un du au
moins un moyen d’éclairage (104), ou un sous en-
semble du au moins un moyen d’éclairage, est éclai-
ré conformément a une séquence prédéterminée.

Dispositif ophtalmique selon I'une quelconque des
revendications précédentes incluant au moins un
moyen d’interface (212) en vue d’une connexion a
au moins l'un des éléments suivants : un ordinateur
externe, un moniteur externe, un spectromeétre ex-
terne.

Dispositif ophtalmique selon I'une quelconque des
revendications précédentes, comportant en outre un
spectrometre, le spectrométre étant opérationnel
pour produire un graphique spectrométrique d’'ima-
ges prises par I'appareil photographique.

Dispositif ophtalmique selon I'une quelconque des
revendications précédentes, dans lequel le au moins
un moyen d’éclairage (104) est d’intensité variable.

Dispositif ophtalmique selon la revendication 27,
dans lequel le niveau d’intensité du au moins un
moyen d’éclairage (104) est fonction d’'un paramétre
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38.

24
de couleur de pupille du dispositif ophtalmique.

Dispositif ophtalmique selon 'une quelconque des
revendications précédentes, dans lequel le moyen
d’éclairage (104) sont des diodes d’émission de lu-
miére a I'état solide.

Dispositif ophtalmique selon 'une quelconque des
revendications 1 a 28, dans lequel les moyens
d’éclairage (104) comportent des ampoules et des
moyens de focalisation de lumiére.

Dispositif ophtalmique selon 'une quelconque des
revendications précédentes, dans lequel la lentille
ophtalmique (106) est comprise dans une plage de
20 40 dioptries.

Dispositif ophtalmique selon la revendication 31,
dans lequel la lentille ophtalmique (106) est de 20
dioptries.

Dispositif ophtalmique selon 'une quelconque des
revendications précédentes, comportant en outre
des moyens de focalisation.

Dispositif ophtalmique selon la revendication 33,
dans lequel les moyens de focalisation prennent la
forme de moyens de déplacement opérationnels
pour déplacer la lentille ophtalmique (106) de ma-
niere linéaire le long de I'axe d’alignement (X).

Structure portable (400) ayant au moins un dispositif
ophtalmique selon la revendication 1, et selon l'une
quelconque des revendications 9 a 34 lorsqu’elles
sont dépendantes de la revendication 1, fixé sur cel-
le-ci.

Structure portable (400) ayant au moins un dispositif
ophtalmique selon la revendication 1, et 'une quel-
conque des revendications 9 et 11 a 34 lorsqu’elles
sont dépendantes de la revendication 1, monté par
coulissement sur celle-ci.

Procédé de détermination d’'un niveau de glucose
d’un patient en utilisant le dispositif ophtalmique se-
lonl'une quelconque desrevendications 1 a 34, com-
portantles étapes consistant a : émettre un faisceau
de lumiére ayant une longueur d’'onde comprise
dans la plage de 570 a 590 nm dans une pupille du
patient ; prendre une photo de la pupille en utilisant
un appareil photographique (102) ayant une lentille
ophtalmique associée (106) d’'un grossissement
d’au moins 20x ; et déterminer le niveau de glucose
du patient a partir du niveau sanguin dans les veines
du disque optique.

Procédé de détermination d’un niveau d’hémoglobi-
ne d’un patient en utilisant le dispositif ophtalmique
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selon l'une quelconque des revendications 1 a 34,
comportant les étapes consistant a :

émettre un faisceau de lumiére ayant une lon-
gueur d’'onde comprise dans la plage de 570a %
590 nm dans une pupille du patient ; prendre
une image de la pupille en utilisant un appareil
photographique (102) ayant une lentille ophtal-
mique associée (106) d’'un grossissement d’au
moins 20x ; et déterminer le niveau d’hémoglo- 10
bine du patient a partir de 'image de la macula.
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Fig 1. Colour light ring for retina imaging
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FIG. § | |
GLASSES TYPE FUNDUS CAMERA FOR DIABETIC
RETINOPATHY AND ANEURYSMS DIAGNOSIS

Glasses type Frame for Fundus
Camera

Fundus Camera with a
linear movement along the
frame
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