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Description

[0001] Thisinvention relates to a retinal function cam-
era.

[0002] Age-related macular degeneration may cause
loss of macula function of an eye due to death of pho-
toreceptor calls and retinal pigment epithelium. This re-
sults in the gradual loss of detailed central vision. In ad-
dition, small yellow deposits in the centre of the retina,
known as drusen, are seen in the early stages of mac-
ular degeneration. People aged over 50 who have
drusen are at risk of developing choroidal neovascular-
isation. This refers to small new abnormal blood vessels
that appear to form in response to tissue hypoxia. In
such neovascular age-related macular degeneration,
the abnormal new blood vessels from the choroidal layer
grow and proliferate with fibrous tissue within the drusen
material. This choroidal neovascularisation may cause
acute loss of vision as transudate or haemorrhage ac-
cumulates within or beneath the retina. The transudate,
haemorrhage or scar tissue may be seen on ophthal-
moscopy but fluorescein angiography may be needed
to visualise the abnormal blood vessels. The area of
choroidal neovascularisation may be treated by either
laser photocoagulation or, if the new vessels extend un-
der the centre of the retina, by photodynamic therapy.
[0003] However, the new blood vessels are difficult to
see. Screening for the choroidal new vessels and their
complications, which may develop over a short time, is
currently done by identifying loss of vision. The diagno-
sis and assessment requires investigation by an oph-
thalmologist, who may need to use fluorescein angiog-
raphy to see the new choroidal vessels. Current screen-
ing for choroidal neovascularisation involves a patient
observing straight lines on a piece of graph paper and
reporting any distortion of the lines or the development
of blank spots.

[0004] Alternatively, any change of retinal metabo-
lism, such as macular degeneration and diabetic retin-
opathy, may be assessed by studies of the oxygenation
of blood in the retina. Arterial blood is highly oxygenated
while venous blood is deoxygenated. Areas of retinal tis-
sue hypoxia may be recognised before the development
of new vessels.

[0005] The oxygenation of blood in the retina can be
determined by illuminating the blood with infrared light
of different wavelengths due to differential absorption of
different wavelengths by oxygenated and deoxygenat-
ed blood. Deoxygenated blood illuminated at 760nm ap-
pears darker than whenitis illuminated at 1000nm. Con-
versely oxygenated blood illuminated at 760nm appears
lighter than when illuminated at 1000nm. In illumination
at both 760nm and 1000nm partially deoxygenated
blood appears on a grey scale.

[0006] Itis known from US 4,877,322 to use this prop-
erty to measure relative oxygen saturation of choroidal
blood of the eye fundus and more particularly to make
such measurements in specifically selected areas of the
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eyegrounds for the study of glaucoma and macular de-
generation. In this prior art disclosure the retina is illu-
minated simultaneously with white, red and infrared light
and the relative absorption of red and infrared light used
to determine the oxygenation and, hence, the concen-
tration of capillaries in regions of the retina. However,
because the retina is illuminated with all three wave-
lengths simultaneously, it is not possible to obtain any
detailed view of retinal function.

[0007] Itis known from US 5,219,400 to determine the
degree of haemoglobin oxygenation in the blood ves-
sels of the retina under conditions of dark-adaptation
and light-adaptation by directing a beam of near-infrared
light having a range of wavelengths from 700-1000nm
at a blood vessel in the retina, measuring the intensity
of the backscattered light from the blood vessel in the
range from 700 to 800nm at regularly spaced intervals
of wavelength such as 2nm, and determining the degree
of haemoglobin oxygenation by reference to a correla-
tion between haemoglobin oxygen and light absorbance
in the near-infrared spectral range. There is also dis-
closed an artificial eye model for calibration of haemo-
globin oxygen saturation and near infrared reflective
spectral data. However, there is no disclosure of the for-
mation of an image of retinal function.

[0008] US 5,400,791 discloses the use of infrared la-
ser light between 795nm and 815nm for angiography.
[0009] US 6,244,712 discloses the use of sequential
scan lines illuminated with alternate lasers to form an
interlaced data frame, and the use of an r-wave of an
electrocardiogram to trigger laser illumination of a reti-
na.

[0010] Itis an object of the present to at least mitigate
the foregoing difficulties.

[0011] According to the invention there is provided a
retinal function camera comprising: a first source of light
of a first wavelength band; a second source of light of a
second wavelength band, the absorptivity of light of the
first wavelength band by oxygenated blood being great-
er than the absorptivity of light of the second wavelength
band and the absorptivity of light of the first wavelength
band by deoxygenated blood being less than the ab-
sorptivity of light of the second wavelength band; means
for focusing light selectively from the first and second
sources on a portion of a retina of an eye; imaging
means for producing respective images of a portion of
the retina illuminated with the respective wavelength
bands; and processing means adapted to process the
respective images obtained by the imaging means to
determine isoreflective points of the respective images
at which absorption of light of the first wavelength is sub-
stantially equal to absorption of light of the second wave-
length and areas of the respective images having differ-
ential absorptivity for the first and second wavelengths,
to obtain a retinal function image based on haemoglobin
oxygenation.

[0012] Conveniently, the processing means compris-
es means for displaying the respective images alter-
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nately, at a predetermined frequency, such that the ar-
eas of the respective images having differential absorp-
tivity at the first and second wavelengths, flicker.
[0013] Preferably, the predetermined frequency is
12Hz.

[0014] Advantageously, the first and second wave-
length bands are selected between 488 nm and 1000
nm, to produce a functional image.

[0015] Conveniently, the first wavelength band is cen-
tred substantially on 830 nm and the second wavelength
band is centred substantially on one of 635 nm and 670
nm and 760 nm; or the first wavelength band is centred
substantially on 910 nm and the second wavelength
band is centred substantially on one of 635 nm and 670
nm and 760 nm.

[0016] Conveniently, there is provided an array of su-
perluminescent diodes producing light in the wave-
length band 550nm to 650nm to produce a conventional
image and the second wavelength band is 700nm to
805nm and the first wavelength band is 805nm to
1000nm to produce a functional image.

[0017] Advantageously, the processing means com-
prises means for assigning the respective images cre-
ated with the first wavelength band and the second
wavelength band and the conventional image with false
colours respectively and combining the three images to
form a combined colour image.

[0018] Conveniently, the first source of light is a laser.
[0019] Advantageously, the second source of light is
a laser.

[0020] Conveniently, the first and second sources of
light are superluminescent diodes provided with narrow
band pass filters to restrict the waveband of light emit-
ted.

[0021] Alternatively, a wide spectrum light source is
provided emitting wavelengths from near infrared
through the visible spectrum and the first and second
light sources are produced by passing the wide spec-
trum light through narrow band pass filters.

[0022] Conveniently, the means for focusing light se-
lectively from the first source and the second source
comprise means for focusing light from the first and sec-
ond sources and for sequentially switching on and off
the first and second sources alternately.

[0023] Alternatively, the means for focusing light se-
lectively from the first and second sources comprise
means for focusing light from the first and second sourc-
es and shutter means for alternately interrupting light
from the first and second sources, respectively.

[0024] Conveniently, the processing means includes
means for comparing an image with a reference image
formed at an earlier time.

[0025] Preferably, the processing means includes
pattern recognition means for aligning the image with
the reference image.

[0026] Advantageously, the processing means in-
cludes means for assigning first areas of the respective
images having differential absorptivity for the first and
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second wavelengths corresponding to portions of the
retina having greater oxygenation than the isoreflective
points a first false colour and for assigning second areas
of the respective images having differential absorptivity
for the first and second wavelengths corresponding to
portions of the retina having less oxygenation than the
isoreflective points a second false colour and for gener-
ating intensities of the false colours at each point in the
image proportional to the difference in oxygenation of
that respective point from the oxygenation of the isore-
flective points.

[0027] Preferably, a wavelength or power of the first
source and/or the second source is variable to tune the
isoreflective point.

[0028] Conveniently the processing means includes
means for calibrating oxygenation by identifying a por-
tion of the retina image of maximum oxygenation and a
portion of the retina image of maximum de-oxygenation.
[0029] Advantageously, the means for focusing light
include scanning means for scanning the focused light
across at least a portion of the retina.

[0030] Conveniently, the scanning means include first
scanning means for scanning the focused light horizon-
tally across the at least a portion of the retina and second
scanning means for scanning the focused light vertically
across the at least a portion of the retina.

[0031] Preferably, the first scanning means includes
one of a rotatable polygonal mirror and a vibratable
plane mirror.

[0032] Advantageously, the second scanning means
includes a galvanometer scanner.

[0033] Conveniently, first synchronising means are
provided to synchronise the first and second scanning
means with selection means for selectively operating
the first source of light and the second source of light.
[0034] Advantageously, second  synchronising
means are provided to synchronise the first and second
scanning means with the imaging and processing
means.

[0035] Conveniently, the first and second scanning
means are adapted to de-scan light reflected from the
retina and reflecting de-scanned light to the imaging and
processing means.

[0036] Advantageously, the firstand second scanning
means operate at frequencies corresponding to televi-
sion scanning frequencies such that the imaging and
processing means may be used to form a television im-
age.

[0037] Conveniently, at least one of a confocal filter is
provided locatable upstream of the imaging and
processing means for detecting a retinal surface image
and for blocking a deeper choroidal image and an anti-
confocal filter locatable upstream of the imaging and
processing means to block the retinal surface image and
allow the deeper choroidal image to be detected.
[0038] Advantageously, a first linear polarising filter is
provided between the light source and the eye and a
second linear polarising filter orthogonal to the first lin-
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ear polarising filter is provided between the eye and the
imaging and processing means such that the second or-
thogonal polarising filter blocks light reflected from a sur-
face of the eye.

[0039] Conveniently, an optical beam adder is provid-
ed for allowing a first laser beam from the first light
source and a second laser beam from the second light
source access to an optical axis of the retinal function
camera.

[0040] Preferably, the processing means includes an
imaging device sensitive to light emitted by the first
source of light and the second source of light.

[0041] Conveniently, the imaging device is one of a
CMOS array, a CCD array, a photodetector or an infra-
red image sensor.

[0042] Advantageously, optical fibre and lens means
are provided for producing a point source of light from
light from the first source of light and light from the sec-
ond source of light.

[0043] Specific embodiments of the invention will now
be described by way of example with reference to the
accompanying drawings in which:

Fig. 1 shows a first embodiment of the invention in
schematic form;

Fig. 1A shows a cross-section along the double ar-
row headed line 1A-1A of Fig 1;

Fig. 2 shows a second embodiment of the invention
in schematic form;

Fig. 2A shows a cross-section along the double ar-
rowhead lines 2A-2A of Fig 2; and

Fig. 3 shows a third embodiment of the invention in
schematic form.

[0044] In the diagrams, like reference numerals de-
note like parts.
[0045] ReferringtoFig. 1, aretinal camera 101 is used

to examine an eye 10. The camera includes a light
source 1 comprising an integrating sphere 20 having
firstand second sources 21,22 disposed at substantially
120° to each other, emitting first and second infrared
wavelength bands respectively and a visible light source
23, to provide diffuse illumination. The primary function
of the integrating sphere is to produce alternating infra-
red light from the same point source so that the retinal
images, formed by the two infrared sources 21,22, are
aligned. The 600 nm visible light source 23 is useful in
differentiating veins and arteries in the retinal image. It
is present to allow a functional image obtained with the
infrared sources to be compared with a conventional im-
age.

[0046] The functional image may be generated by
contrasting images obtained from both the visible
(450-700 nm) and infrared (700-1000 nm) spectra. The
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infrared haemoglobin oxygen saturation light absorption
is well defined between 700-805 nm and 805-1000 nm.
The visible spectrum has a complex haemoglobin light
absorption relationship as disclosed in Van Assendelft
OW. Spectrophotometry of haemoglobin derivatives.
Royal Vangorcum, Assen, The Netherlands: Thomas,
1970. Blue light between 450 nm and 500 nm may be
contrasted with red light between 600 nm and 700 nm
to generate a functional image. The blue light in the
range 450 - 500 nm may also be contrasted with the
near infrared 700 - 805 nm light.

[0047] Thus, light between 450 nm and 1000 nm may
be used. Suitable pairs of wavelengths are: 488 nm and
600 nm or 635 nm or 670 nm or 760 nm; or 635 nm and
830 nm or 910 nm; or 670 nm and 830 nm or 910 nm;
or 760 nm and 830 run or 910 nm.

[0048] Possible sources of illumination include an ar-
ray of superluminescent diodes, producing light in the
range 550nm to 650nm, and preferably at 600nm, to
produce a conventional image and superluminescent di-
odes sequentially illuminating a diffuse reflective inte-
grator sphere with infrared light in the region of 758nm
(700nm-805nm) and 910nm (805nm-1000nm) to pro-
vide illumination for a functional image. Narrow band-
pass filters may be used with the superluminescent di-
odes to restrict their bandwidth Alternative optical ar-
rangements for the light source include a beam splitter
arrangement for the near infrared superluminescent di-
odes. The superluminescent diodes may either switch
on and off sequentially or their light be sequentially
blocked with a shutter. Alternative light sources may be
used. For example a wide spectrum source emitting ra-
diation from near infrared through the visible spectrum
such as a xenon light doped with other gases to provide
a near infrared spectrum between 700nm to 1000nm
with narrow band pass filters may be used. Alternatively,
laser diodes may be used as the infrared sources, in
which case to avoid the speckle effect of laser light, the
integrating sphere 20 converts collimated, coherent,
narrow band light from the laser diodes into uncollimat-
ed, incoherent, narrow band light. It will be understood
that alternative apparatus for producing a point source
of light formed from the first source of light and second
source of light may be used, for example, an optical fibre
and lens apparatus may replace the integrating sphere,
and dichroic beam combiner or half silvered mirror.
[0049] Light from the light source is collimated by a
condenser lens 30 and passed through an annular ring
diaphragm 40 before being reflected by a mirror 50 and
passing through a relay lens 60. A cross-section of the
annular ring diaphragm is shown in Fig 1A, in which is
shown an annular transparent portion 41 within an
opaque support 42. A cone of light emergent from the
annular diaphragm and reflected by the mirror 50 is then
reflected by a perforated mirror 80, having a central
transmission hole 81, through an objective lens 90 into
the eye 10 to produce an evenly illuminated area at a
focal plane of the eye 10. An internal fixation target 70
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is provided between the relay lens 60 and the perforated
mirror 80, on an optical axis defined thereby. The inter-
nal fixation target 70 may be a small illuminated object
such as cross-wires on which the eye 10 may be fo-
cussed. After absorption within the retina, light is reflect-
ed from the retina out of the eye back through the ob-
jective lens 90 and a portion of the reflected light passes
through the central aperture 81 of the perforated mirror
80, and sequentially through an occluding diaphragm
110, a focus lens 120 and an imaging lens 130 to form
an image in an image recorder and processor 140. The
annular ring diaphragm 40 and the pupil of the eye 10
are arranged in conjugate positions in the illuminating
optical system and the pupil of the eye 10, transmission
hole 81 of the mirror 80 and the aperture 111 of the oc-
cluding diaphragm 110 are arranged in conjugate posi-
tions of the objective optical system.

[0050] Figure 2 illustrates a further embodiment 102
of the invention in which the integrating sphere of the
first embodiment shown in Fig. 1 is replaced by a half
silvered mirror 24 and two superluminescent diodes with
narrow band pass filters 21',22' are disposed so that in-
frared light of a first waveband from the first superlumi-
nescent diode 21' passes through the mirror along the
optical axis 11 and infrared light of a second waveband
from the superluminescent diode 22" is reflected by the
half silvered mirror 24 to also pass along the optical axis
11. Other parts of the embodiment are as described for
the first embodiment illustrated in Fig. 1.

[0051] The operation of the two embodiments of the
invention is similar. Taking the second embodiment of
Fig 2 as an example, with the patient focusing the eye
10 to be studied on the fixation target 70 the pupil of the
eye is located adj acent to the aspheric ophthalmic ob-
jective lens 90. This aligns the pupil and the foveola to
ensure that when the light source is activated to illumi-
nate the retina, lightis transmitted through the pupil rath-
er than reflected from the iris. Without an illuminated ob-
ject the eye would wander while looking into a black
void. The illuminated object is faint in intensity to avoid
pupil constriction. A typical illuminated object is a fine
cross or concentric circle cut out of an opaque screen
in front of a low-powered light-emitting diode. An alter-
native would be illuminated cross-wires.

[0052] Eithervisible 600nm lightfrom a superlumines-
cent diode or xenon light source (not shown) is used to
obtain a conventional image. Alternating infrared illumi-
nation in the region of 758nm and 910nm is provided by
the superluminescent diodes 21',22' to project infrared
light beams onto the retina to obtain a functional image.
[0053] The image recorder and processor 140 com-
prises an imaging device sensitive to light in the desig-
nated spectrum, for example a CMOS or CCD array,
photodetector, infrared or visible light sensor, or other
infrared image sensor.

[0054] In order to analyse the images, account must
be taken of residual internal reflection inside the optical
system. This is minimised by a black absorptive internal
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surface and the use of ridging or internal baffles. In ad-
dition, the light output from the light source may be var-
iable and light is absorbed by the front surface coatings
of the mirrors and the lenses. Further, light may leak into
the system from around an eye seal which may produce
a light flare and in some patients, vasoconstriction due
to drugs and smoking may alter the retinal oxygenation.
These problems may be largely obviated by comparing
the images produced under different wavelength illumi-
nations or at different times.

[0055] A visualisation of altered retinal function or
structure may be obtained by comparing individual ret-
inal field images with initial reference retinal field images
to detect any change. This involves the use of pattern
recognition software to obtain a "best fit" superimposi-
tion of the reference and new image. The reference im-
age is then subtracted from the new image leaving the
components that have changed. The components that
have changed are then superimposed on the new image
and identified by, for example, a colour change or flash-
ing image. Alternatively, the three images obtained with
the visible light and two infrared wavelengths from the
superluminescent diode sequential illumination may be
superimposed, after allocating each image a false col-
our (for example, red, green and blue), to create a colour
image.

[0056] As indicated above, deoxygenated blood illu-
minated at 760nm appears darker than when it is illumi-
nated at 1000nm. Conversely oxygenated blood illumi-
nated at 760nm appears lighter than when illuminated
at 1000mn. In both images partially deoxygenated blood
would appear on the grey scale.

[0057] Therefore, if alternating images are displayed,
at for example 12Hz, on a screen most of the images of
blood vessels will flicker but there will be areas of blood
vessels that do not flicker in light intensity. These non-
flickering blood vessels at the isoreflective point for
equal energy illumination form a reference deoxygena-
tion point. The non-flickering, isoreflective areas may be
displayed in yellow. Areas that flicker have a significant
difference in oxygenation from the isoreflective point.
The greater the contrast of flicker the more saturated or
desaturated the blood is with oxygen. The desaturated
blood may be displayed in blue and the colour intensity
related to the flicker contrast. The oxygenated blood
may be displayed in red and the colour intensity related
to the flicker contrast. This produces a subjective image
of retinal function with one isoreflective point.

[0058] The isoreflective point, of a composite image
formed by the first and second light sources, may be
tuned by varying the wavelength or power of either or
both of the light sources.

[0059] To determine absolute values of oxygenation
it is necessary to calibrate the image. A retinal artery
with maximum flicker contrast when illuminated with
900nm-1000nm near infrared light is examined. An in-
spired oxygen concentration FiO, is increased from
21% to, for example, 50% to ensure that the retinal ar-
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tery blood is 100% saturated. This provides a reference
for 100% oxygen saturation of retinal blood. A retinal
haemorrhage with maximum flicker contrast when illu-
minated with near infrared light in the region of 760nm
is examined. The retinal haemorrhage consists of deox-
ygenated blood. The inspired oxygen concentration
FiO, may be decreased from 21% to 10% to ensure that
there is no increase in flicker contrast or the FiO, may
be increased to 50% to ensure that there is no reduction
in flicker contrast. This provides a reference for deoxy-
genated retinal blood. Alternative calibration may be ob-
tained by perfusing either an animal eye or artificial eye
model with haemoglobin of known oxygen saturation
and recording infrared images. This technique may be
used to obtain a haemoglobin oxygen saturation level
for the isoreflective point. The retinal function calibration
techniques outlined may be repeated for cytochrome a,
as, with infrared light in the range 700nm to 1300nm, to
obtain a further isoreflective point and additional calibra-
tion. Cytochrome a,aj is used in addition to haemoglob-
in oxygen saturation to assess tissue oxygenation
states. However, the longer wavelengths used would
have greater tissue penetration and a possible degrad-
ed image quality.

[0060] Alternatively, an artificial eye model with three
channels of blood may be used for haemoglobin oxygen
calibration. The eye model has a first reference channel
containing 50% oxygen saturated blood, a second ref-
erence channel containing 100% oxygen saturated
blood and a third assessment channel containing blood
with variable haemoglobin oxygen saturation.

[0061] Figure 3 illustrates a scanning laser retinal
function camera which is a third embodiment of the iriv-
ention. This produces sequential images of the fundus
from two lasers 26,27.

[0062] The scanning laser retinal function camera
103, produces sequential near infrared images of the
fundus required to generate the functional image. The
camera comprises a multiple near infrared laser source
that is able to direct a narrow beam of infrared laser light
in the region of 758nm (700nm-805nm) via a mirror sys-
tem and focus the light onto the fundus. The light reflect-
ed from the fundus is directed to an infrared detector,
which produces an electrical output proportional to the
intensity of the detected infrared light. By moving the
mirror system according to a scanning sequence in a
raster fashion and synchronising the detector to the
scanning sequence, it is possible to produce an image
of the fundus. The electrical output from the infrared de-
tector is processed to display an image of a portion of
the fundus. The laser light in the region of 758nm
(700nm-805nm) is then switched off and a narrow beam
of infrared light in the region of 910nm (805nm-1000nm)
is focussed via the mirror system onto the fundus. The
infrared light in the region of 910nm which is reflected
from the fundus is directed to the infrared detector which
produces an electrical output proportional to the inten-
sity of the detected light. The electrical output is proc-
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essed to display an image of a portion of the fundus.

[0063] The two images obtained are stored and then
processed to be displayed alternately, at a predeter-
mined frequency, to form a composite image such that
areas that have a differential absorptivity at the 700nm-
805nm and 805nm-1000nm wavelengths flicker. Non-
flickering, isoreflective blood vessels contain partially
oxygenated haemoglobin at which the absorption of
light from the 700nm-805nm laser is equal to the ab-
sorption of light from the 805nm to 1000nm laser. The
non-flickering isoreflective areas may be displayed in
yellow. Blood vessels that flicker have a significant dif-
ference in oxygenation from the isoreflective point. The
greater the contrast of the flicker the more saturated or
desaturated the blood is with oxygen. The desaturated
blood may be displayed in blue and the colour intensity
related to the flicker contrast. The oxygenated blood
may be displayed in red and the colour intensity related
to the flicker contrast. This produces a subjective scan-
ning laser image of retinal function with one isoreflective

point.
[0064] The third embodiment will now be described in
detail.
[0065] The scanninglaserretinal function camera 103

has two separate laser beam sources, a first laser
source 26 producing infrared laser light in the region of
758nm (700nm-805nm), and a second laser source 27
producing infrared laser light in the region of 910nm
(805nm-1000nm). Infrared laser beams from the first
and second sources pass through respective electroop-
tic modulators 261, 271, which provide individual inten-
sity control of the respective infrared beams. An optical
beam adder 28 located to receive laser beams emer-
gent from the respective electrooptic modulators allows
both infrared laser beams access to an optical axis of
the scanning laser retinal function camera. This allows
the infrared laser sources sequentially to illuminate a
retina at the focal plane of an eye 10. The laser beam
from the adder 28 passes through a focus lens 31, which
allows the laser beam to be focused on the retina. The
light from the focus lens 31 is reflected by a mirror 50
and passes through a central transmission hole 81 in a
perforated mirror 80 onto a rotating eighteen-facet po-
lygonal mirror 150 rotatable at about 52,100rpm. (For
clarity, a 12-facet polygonal mirror 150 is illustrated). A
half-silvered mirror may be used in place of the perfo-
rated mirror 80, and such a half-silvered mirror may be
constructed to have a greater reflectance of light than
transmission of light. The rotatable polygonal mirror 150
reflects the infrared laser light beam onto a concave mir-
ror 160 as a linear horizontal scan with a repetition rate
of 15,625 Hz corresponding to a closed circuit television
standard, in a horizontal axis of the eye 10. The concave
mirror 160 reflects and focuses the infrared laser light
beam onto a movable galvanometer mirror 170. The gal-
vanometer mirror 170 is electrically movable so as to
vary the reflection angle to produce a vertical scan with
a repetition rate of 50 Hz in a vertical axis of the eye 10.
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The infrared laser light is reflected by the galvanometer
mirror 170 to a concave mirror 180, which focuses the
infrared laser light as a 10 micron diameter spot onto
the focal plane of the eye 10.

[0066] It will be understood that alternative apparatus
for producing a scanning beam may be used, for exam-
ple, a vibrating mirror and galvanometer two-axis scan-
ner may replace the polygonal mirror and galvanometer
scanner.

[0067] Lightreflected from the retina returns along the
same pathway and is de-scanned by the galvanometer
mirror 170 and the rotating polygonal mirror 150. The
reflected light is then reflected by perforated mirror 80,
or a half-silvered mirror, towards a focussing lens 120
and sequentially through an occluding diaphragm 110
and onto an infrared detector such as an avalanche pho-
todiode and processor 141. The return signals are de-
tected on a pixel-by-pixel basis and then transferred to
a frame grabber card (not shown) to construct a syn-
chronised data frame. The data frame is synchronised
to the vertical frame, horizontal line and pixel clock sig-
nals from the scanning apparatus. A controller (not
shown), that receives horizontal and vertical synchro-
nising signals from the scanning apparatus, activates
and deactivates the lasers sequentially.

[0068] The digital image processing is performed by
a computer using digital image processing software
such as Matlab™ available from The Math Works Inc, 3
Apple Hill Drive, Natick MA 01760-2089, United States
and Labview™ available from National Instruments Cor-
poration, Austin Texas, United States. The isoreflective
point is defined. The flicker contrast of each pixel, to the
isoreflective point, is determined. A false colour, red or
blue, is allocated to each pixel and the intensity of colour
related to flicker contrast. The isoreflective point is allo-
cated yellow. A composite image is constructed by com-
bining the red, yellow and blue image data.

[0069] The scanning laser retinal function camera il-
lustrated in Fig. 3 is similar to the Digital 35 Laser Scan-
ning Fundus Camera, described by Plesch et al. in Ap-
plied Optics, Vol. 26, No. 8, page 1480-86, April 15,
1987. This device uses a collimated laser beam fo-
cussed by the eye to a spot of 10-15 microns diameter
for illumination of a single point of the retina. The light
scattered back from the retina, normally 3-5% of the in-
cident light, is collected through the outer 95% of the
pupil. Angular scanning of the illuminating laser beam
sweep the spot across the retina and results in time re-
solved sequential imaging of the retina. The device is
connected to a digital image buffer and a microcomputer
for image storage and processing.

[0070] The scanning laser retinal function camera il-
lustrated in Fig. 3 contains an optical beam adder that
is used in US 6099127. This uses a red 670nm, green
540nm and blue 488nm laser light sources, with an op-
tical beam adder, which separately illuminate the fun-
dus. The three images obtained are used to construct a
colour representation of the fundus.
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Optimising the retinal function image

[0071] The ideal retinal function image contains:
a stable non-flickering background of light reflected
from retinal and choroidal pigments and cells;

maximal contrast of light from deoxygenated and
oxygenated blood; and

similar depth of infrared light retinal penetration to
image the same retinal and choroidal components.

[0072] The retinal function image may be time syn-
chronised with an R wave of a patient's electrocardio-
gram, to allow retinal metabolism to be studied at differ-
ent phases of the cardiac cycle. The data frame from
which the retinal function image is constructed by the
digital image processor consists of data from (in this ex-
ample) the 512 scan lines each scanned with, at least,
two wavelengths of light. The data frame "starts" at line
1 and "ends" at line 512. Alternatively, the R wave of the
electrocardiogram may be used as a time signal to de-
fine the next line scan x as the start of the R wave syn-
chronised data frame. The retinal function image is then
constructed by the digital processor from a data frame
defined by line x to line 512 and the next line 1 to line x-
1. Atime delay may be selected by the operator between
the R wave electrocardiogram time signal and scan line
X.

[0073] Infrared light in the region of 758nm and
1000nm may provide maximum contrast for haemoglob-
in oxygenation. In order to optimise the functional retinal
image the 1000nm wavelength illumination may need to
be tuned closer to 805nm. A retinal background isore-
flective non-flickering point will be determined when the
light energy reflected from retinal and choroidal pigment
cells by the 700nm-805nm and 805nm-1000nm sources
is equal. This will provide a stable non-flickering back-
ground on which to contrast the functional image. The
light source wavelength or power may be variable to al-
low tuning of the image.

[0074] The individual light source intensity may be
controlled by altering the supply power using a current
limiting technology. Alternatively the light output may be
controlled with either a variable aperture diaphragm or
an electrooptic modulator.

Alternative light wavelengths

[0075] Alternative wavelengths of the light spectrum
where there are significant differences of light absorp-
tion between oxyhaemoglobin and deoxyhaemoglobin
may be used to generate the functional image. Light be-
tween 488nm and 1000 nm may be used. Suitable
wavelengths are 488nm and 600nm, 630nm, 635nm,
670nm, or 760 nm; 635nm and 830nm or 910nm; 670nm
and 830nm or 910nm; 760nm and 830nmor910nm. The
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visible light, between 488nm and 700nm, would have
less retinal tissue penetration than the near infrared
light.

Alternative imaging technology

[0076] Alternative imaging arrangements may be
used to generate the separate wavelength retinal and
choroidal images needed to generate the functional ret-
inal image. The scanning laser retinal function camera
may have a confocal filter positioned upstream of the
detector to allow the retinal surface image to be detected
while blocking the deeper choroidal image. A confocal
filter is used to generate optical sections. An anti-con-
focal filter may be positioned upstream of the detector
to block the retinal surface image and allow a deeper
choroidal image to be detected.

[0077] A three dimensional retinal metabolic image
may be formed by integrating a series of confocal optical
sections obtained at sequential depths.

[0078] The scanning laser retinal function camera
may have an orthogonal polarising filter positioned up-
stream of the detector. The function of the orthogonal
polarising filter is to block the surface reflected light that
has the same linear polarisation as the laser illumination
light. This will allow orthogonally polarised light that has
been scattered and reflected from deeper layers to be
detected and form the image. The polarising filters
therefore improve contrast by blocking surface reflec-
tions.

[0079] The retinal function camera may have a linear
polarising filter on the illuminating axis and an orthogo-
nal polarising filter on the imaging axis. The orthogonal
polarising filter will block the reflected light from the ret-
inal surface that has the same linear polarisation as the
illumination light. This will allow light from deeper layers,
that contain haemoglobin oxygenation information, to
be detected and form the image.

[0080] The scanning laser retinal function camera
controller sequentially activates the different wave-
length lasers, which the scanner scans across a portion
of the retina to form a complete data frame with each
laser. Preferably, each scan line, rather than each
frame, may be scanned twice, with alternate wave-
lengths, to minimise movement artefacts between two
retinal images. The portion of the retina scanned se-
quentially, with alternate wavelengths, may be less than
a scan line, such as a pixel, or it may be greater than a
scan line, such as a frame. That s, the portion of aretina
scanned with each alternate wavelength may corre-
spond to a pixel, a line scan or a frame in the image
formed from the scans. Sequentially scanning each line
twice maximises the signal to noise ratio while minimis-
ing retinal light exposure.

Alternatively, a portion of the retina scan, such as
sequential scan lines may be illuminated. This would
form an interlaced data frame. The data frame would
need to be deinterlaced to form the two separate images
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prior to constructing the retinal function image.

[0081] Simultaneousillumination of the retina with two
separate wavelengths of light is possible by either using
the integrating sphere or a dichroic beam combiner. The
separate wavelength images may be obtained with a di-
chroic beam splitter and separate imaging optics.
[0082] Itwill be understood that although the invention
has been described in relation to a retinal function cam-
era, the invention has equal applicability to, for example,
the use of a confocal microscope or multispectral cam-
era for imaging.

Claims

1. A retinal function camera (101) comprising: a first
source of light (21) of a first wavelength band; a sec-
ond source of light (22) of a second wavelength
band, the absorptivity of light of the first wavelength
band by oxygenated blood being greater than the
absorptivity of light of the second wavelength band
and the absorptivity of light of the first wavelength
band by deoxygenated blood being less than the
absorptivity of light of the second wavelength band;
means for focusing light (30,50,60,80,90) selective-
ly from the first and second sources on a portion of
a retina of an eye (10); imaging means
(80,90,120,130) for producing respective images of
a portion of the retina illuminated with the respective
wavelength bands; and processing means (140)
adapted to process the respective images obtained
by the imaging means to determine isoreflective
points of the respective images at which absorption
of light of the first wavelength is substantially equal
to absorption of light of the second wavelength and
areas of the respective images having differential
absorptivity for the first and second wavelengths, to
obtain a retinal function image based on haemo-
globin oxygenation.

2. A retinal function camera as claimed in claim 1,
wherein the processing means (140) comprises
means for displaying the respective images alter-
nately, at a predetermined frequency, such that the
areas of the respective images having differential
absorptivity at the first and second wavelengths,
flicker.

3. A retinal function camera as claimed in claim 2,
wherein the predetermined frequency is 12Hz.

4. A retinal function camera as claimed in any of the
preceding claims, wherein the first and second
wavelength bands are selected between 488 nm
and 1000 nm, to produce a functional image.

5. A retinal function camera as claimed in any of the
preceding claims, wherein the first wavelength
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band is centred substantially on 830 nm and the
second wavelength band is centred substantially on
one of 635 nm and 670 nm and 760 nm; or the first
wavelength band is centred substantially on 910 nm
and the second wavelength band is centred sub-
stantially on one of 635 nm and 670 nm and 760 nm.

A retinal function camera as claimed in any of
claims 1 to 4, wherein there is provided an array of
superluminescent diodes (23) producing light in the
wavelength band 550nm to 650nm to produce a
conventional image and the second wavelength
band is 700nm to 805nm and the first wavelength
band is 805nm to 1000nm to produce a functional
image.

A retinal function camera as claimed in claim 6,
wherein the processing means (140) comprises
means for assigning the respective images created
with the first wavelength band and the second
wavelength band and the conventional image with
false colours respectively and combining the three
images to form a combined colour image.

A retinal function camera as claimed in claim 1,
wherein the first source of light is a laser.

A retinal function camera as claimed in claim 1,
wherein the second source of light is a laser.

A retinal function camera as claimed in claim 1,
wherein the first and second sources of light (21,22)
are superluminescent diodes provided with narrow
band pass filters to restrict the waveband of light
emitted.

A retinal function camera as claimed in claim 1,
wherein a wide spectrum light source is provided
emitting wavelengths from near infrared through the
visible spectrum and the first and second light
sources (21,22) are produced by passing the wide
spectrum light through narrow band pass filters.

A retinal function camera as claimed in any of the
preceding claims, wherein the means for focusing
light selectively from the first source and the second
source comprise means for focusing light from the
first and second sources and for sequentially
switching on and off the first and second sources
alternately.

A retinal function camera as claimed in any of
claims 1 to 11, wherein the means for focusing light
selectively from the first and second sources com-
prise means for focusing light from the first and sec-
ond sources and shutter means for alternately in-
terrupting light from the first and second sources,
respectively.
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A retinal function camera as claimed in any of the
preceding claims, wherein the processing means
(140) includes means for comparing an image with
a reference image formed at an earlier time.

A retinal function camera as claimed in claim 14,
wherein the processing means (140) includes pat-
tern recognition means for aligning the image with
the reference image.

A retinal function camera as claimed in any of
claims 1to 13, wherein the processing means (140)
includes means for assigning first areas of the re-
spective images having differential absorptivity for
the first and second wavelengths corresponding to
portions of the retina having greater oxygenation
than the isoreflective points a first false colour and
for assigning second areas of the respective imag-
es having differential absorptivity for the first and
second wavelengths corresponding to portions of
the retina having less oxygenation than the isore-
flective points a second false colour and for gener-
ating intensities of the false colours at each pointin
the image proportional to the difference in oxygen-
ation of that respective point from the oxygenation
of the isoreflective points.

A retinal function camera as claimed in claim 16,
wherein the means for focusing light include scan-
ning means (150,170) for scanning the focused light
across at least a portion of the retina.

A retinal functional camera as claimed in claim 16,
wherein wavelength or power of the first source (21)
and/or the second source (22) is variable to tune
the isoreflective point.

A retinal function camera as claimed in any of the
preceding claims, wherein the processing means
(140) includes means for calibrating oxygenation by
identifying a portion of the retina image of maximum
oxygenation and a portion of the retina image of
maximum de-oxygenation.

A retinal function camera as claimed in claim 1,
wherein the means for focusing light include scan-
ning means (150,170) for scanning the focused light
across at least a portion of the retina.

A retinal function camera as claimed in claim 20,
wherein the scanning means include first scanning
means (150) for scanning the focused light horizon-
tally across the at least a portion of the retina and
second scanning means (170) for scanning the fo-
cused light vertically across the at least a portion of
the retina.

A retinal function camera as claimed in claim 20 or
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21, wherein the first scanning means (150) includes
one of a rotatable polygonal mirror and a vibratable
plane mirror.

A retinal function camera as claimed in claims 21 or
22, wherein the second scanning means (170) in-
cludes a galvanometer scanner.

A retinal function camera as claimed in claims 21 to
23, wherein first synchronising means are provided
to synchronise the first and second scanning means
(150,170) with selection means for selectively op-
erating the first source of light (26) and the second
source of light (27).

A retinal function camera as claimed in claim 21 to
24, wherein second synchronising means are pro-
vided to synchronise the first and second scanning
means (150,170) with the imaging and processing
means (141).

A retinal function camera as claimed in claims 21 to
25, wherein the first and second scanning means
(150,170) are adapted to de-scan light reflected
from the retina and reflecting de-scanned light to the
imaging and processing means (141).

A retinal function camera as claimed in claims 21 to
26, wherein the first and second scanning means
(150,170) operate at frequencies corresponding to
television scanning frequencies such that the imag-
ing and processing means (141) may be used to
form a television image.

A retinal function camera as claimed in any of the
preceding claims further comprising a confocal filter
locatable upstream of the imaging and processing
means (141) for detecting a retinal surface image
and for blocking a deeper choroidal image and an
anti-confocal filter locatable upstream of the imag-
ing and processing means to block the retinal sur-
face image and allow the deeper choroidal image
to be detected.

A retinal function camera as claimed in any of the
preceding claims wherein a first linear polarising fil-
ter is provided between the light source (26,27) and
the eye (10) and a second linear polarising filter or-
thogonal to the first linear polarising filter is provided
between the eye (10) and the imaging and process-
ing means (141) such that the second orthogonal
polarising filter blocks light reflected from a surface
of the eye (10).

A retinal function camera as claimed in claims 8 or
9, further comprising an optical beam adder (28) for
allowing a first laser beam from the first light source
and a second laser beam from the second light
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source access to an optical axis of the retinal func-
tion camera.

A retinal function camera as claimed in any of the
preceding claims, wherein the processing means
(140) includes an imaging device sensitive to light
emitted by the first source of light (21) and the sec-
ond source of light (22).

A retinal function camera as claimed in claim 31,
wherein the imaging device is one of a CMOS array,
a CCD array, a photodetector or an infrared image
sensor.

A retinal function camera as claimed in any of the
preceding claims, further comprising optical fibre
and lens means for producing a point source of light
from light from the first source of light (21) and light
from the second source of light (22).

A retinal function camera as claimed in any of the
preceding claims further comprising a confocal filter
locatable upstream of the imaging and processing
means (141) to allow the retinal surface image to
be detected while blocking the deeper choroidal im-
age.

A retinal function camera as claimed in any of the
preceding claims further comprising an anti-confo-
cal filter locatable upstream of the imaging and
processing means (141) to block the retinal surface
image thereby allowing a deeper choroidal image
to be detected.

A retinal function camera as claimed in any of the
preceding claims wherein synchronising means are
provided to synchronise the imaging and process-
ing means (141) with an R wave of a patient's elec-
trocardiogram, to allow retinal metabolism to be
studied at different phases of the cardiac cycle.

A retinal function camera as claimed in any of
claims 20 to 27, wherein the processing means
(141) includes means for assigning first areas of the
respective images having differential absorptivity
for the first and second wavelengths corresponding
to portions of the retina having greater oxygenation
than the isoreflective points a first false colour and
for assigning second areas of the respective imag-
es having differential absorptivity for the first and
second wavelengths corresponding to portions of
the retina having less oxygenation than the isore-
flective points a second false colour and for gener-
ating intensities of the false colours at each pointin
the image proportional to the difference in oxygen-
ation of that respective point from the oxygenation
of the isoreflective points.
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Patentanspriiche

1.

Netzhautfunktionskamera (101), die folgendes um-
fasst: eine erste Lichtquelle (21) mit einem ersten
Wellenlangenband; eine zweite Lichtquelle (22) mit
einem zweiten Wellenlangenband; wobei das
Lichtabsorptionsvermdgen des ersten Wellenlan-
genbands durch sauerstoffangereichertes Blut gré-
Rer ist als das Lichtabsorptionsvermdgen des zwei-
ten Wellenldngenbands, und wobei das Lichtab-
sorptionsvermdégen des ersten Wellenlangenbands
durch deoxygeniertes Blut geringer ist als das
Lichtabsorptionsvermdgen des zweiten Wellenlan-
genbands; eine Einrichtung zur selektiven Fokus-
sierung von Licht (30, 50, 60, 80, 90) von den ersten
und zweiten Quellen auf einen Netzhautabschnitt
eines Auges (10); eine Bilddarstellungseinrichtung
(80, 90, 120, 130) zum Erzeugen entsprechender
Bilder eines mit den entsprechenden Wellenlan-
genbandern bestrahlten Netzhautabschnitts; und
eine Verarbeitungseinrichtung (140), die entspre-
chende durch die Bilddarstellungseinrichtung er-
haltene Bilder verarbeiten kann, um isoreflektieren-
de Punkte der entsprechenden Bilder zu bestim-
men, an denen die Lichtabsorption der ersten Wel-
lenlange im Wesentlichen der Lichtabsorption der
zweiten Wellenldnge entspricht, und wobei Berei-
che der entsprechenden Bilder fiir die ersten und
zweiten Wellenlangen unterschiedliche Absorpti-
onsvermdgen aufweisen, um auf der Basis der Sau-
erstoffanlagerung von Hamoglobin ein Netzhaut-
funktionsbild zu erhalten.

Netzhautfunktionskamera nach Anspruch 1, wobei
die Verarbeitungseinrichtung (140) eine Einrich-
tung zum wechselnden Anzeigen der entsprechen-
den Bilder mit einer vorbestimmten Frequenz, so
dass die Bereiche der entsprechenden Bilder auf
den ersten und zweiten Wellenldngen ein unter-
schiedliches Absorptionsvermdgen aufweisen,
Flickern.

Netzhautfunktionskamera nach Anspruch 2, wobei
die vorbestimmte Frequenz 12 Hz entspricht.

Netzhautfunktionskamera nach einem der vorste-
henden Anspriiche, wobei die ersten und zweiten
Wellenlangenbander zwischen 488 nm und 1000
nm ausgewahlt werden, so dass ein Funktionsbild
erzeugt wird.

Netzhautfunktionskamera nach einem der vorste-
henden Anspriiche, wobei das erste Wellenlangen-
band im Wesentlichen um 800 nm zentriert ist, und
wobei das zweite Wellenldngenband im Wesentli-
chen um 635 nm, 670 nm oder 760 nm zentriert ist;
oder wobei das erste Wellenldngenband im We-
sentlichen um 910 nm zentriert ist, und wobei das
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zweite Wellenldngenband im Wesentlichen um 635
nm, 670 nm oder 760 nm zentriert ist.

Netzhautfunktionskamera nach einem der Anspri-
che 1 bis 4, wobei eine Anordnung von Superlumi-
neszenzdioden (23) vorgesehen ist, die Licht in
dem Wellenldngenband von 550 nm bis 650 nm er-
zeugen, so dass ein herkdbmmliches Bild erzeugt
wird, und wobei das zweite Wellenldngenband zwi-
schen 700 nm und 805 nm liegt, und wobei das er-
ste Wellenlangenband zwischen 805 nm und 1000
nm liegt, so dass ein Funktionsbild erzeugt wird.

Netzhautfunktionskamera nach Anspruch 6, wobei
die Verarbeitungseinrichtung (140) eine Einrich-
tung umfasst, um den entsprechenden mit dem er-
sten Wellenlangenband und dem zweiten Wellen-
langenband erzeugten Bildern und dem herkémm-
lichen Bild entsprechende unechte Farben zuzu-
weisen und zur Verknlipfung der drei Bilder, so dass
ein kombiniertes Farbbild erzeugt wird.

Netzhautfunktionskamera nach Anspruch 1, wobei
es sich bei der ersten Lichtquelle um einen Laser
handelt.

Netzhautfunktionskamera nach Anspruch 1, wobei
es sich bei der zweiten Lichtquelle um einen Laser
handelt.

Netzhautfunktionskamera nach Anspruch 1, wobei
es sich bei den ersten und zweiten Lichtquellen (21,
22) um Superlumineszenzdioden handelt, die mit
Schmalbandfilter vorgesehen sind, um das Wellen-
band des emittierten Lichts einzuschranken.

Netzhautfunktionskamera nach Anspruch 1, wobei
eine Breitbandlichtquelle vorgesehen ist, die Wel-
lenldngen aus dem nahen Infarot- bis zu dem sicht-
baren Spektrum emittiert, und wobei die ersten und
zweiten Lichtquellen (21, 22) erzeugt werden, in-
dem Breitspektrumlicht durch Schmalbandfilter ge-
leitet wird.

Netzhautfunktionskamera nach einem der vorste-
henden Anspriiche, wobei die Einrichtung zum se-
lektiven Fokussieren von Licht von der ersten Quel-
le und der zweiten Quelle eine Einrichtung zum Fo-
kussieren von Licht von den ersten und zweiten
Quellen sowie zum wechselnden sequentiellen ein-
und ausschalten der ersten und zweiten Quellen
umfasst.

Netzhautfunktionskamera nach einem der Anspri-
che 1 bis 11, wobei die Einrichtung zum selektiven
Fokussieren von Licht von der ersten Quelle und
der zweiten Quelle eine Einrichtung zum Fokussie-
ren von Licht von den ersten und zweiten Quellen
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und eine Blendeneinrichtung zum wechselnden Un-
terbrechen des Lichts von den entsprechenden er-
sten und zweiten Quellen umfasst.

Netzhautfunktionskamera nach einem der vorste-
henden Anspriiche, wobei die Verarbeitungsein-
richtung (140) eine Einrichtung zum Vergleichen ei-
nes Bilds mit einem zeitlich alteren Referenzbild
aufweist.

Netzhautfunktionskamera nach Anspruch 14, wo-
bei die Verarbeitungseinrichtung (140) eine Mu-
stererkennungseinrichtung zur Ausrichtung des
Bilds mit dem Referenzbild aufweist.

Netzhautfunktionskamera nach einem der Ansprii-
che 1 bis 13, wobei die Verarbeitungseinrichtung
(140) eine Einrichtung aufweist, um ersten Berei-
chen der entsprechenden Bilder mit unterschiedli-
chem Absorptionsvermdgen fir die ersten und
zweiten Wellenléngen, die Abschnitten der Netz-
haut mit hdherer Sauerstoffanlagerung als die iso-
reflektierenden Punkte entsprechen, eine erste un-
echte Farbe zuzuweisen, und um zweiten Berei-
chen der entsprechenden Bilder mit unterschiedli-
chem Absorptionsvermdgen fir die ersten und
zweiten Wellenléngen, die Abschnitten der Netz-
haut mit geringerer Sauerstoffanlagerung als die
isoreflektierenden Punkte entsprechen, eine zweite
unechte Farbe zuzuweisen, und um Intensitaten
der unechten Farben an jedem Punkt in dem Bild
proportional zu dem Unterschied der Sauerstoffan-
lagerung des entsprechenden Punkts von der Sau-
erstoffanlagerung der isoreflektierenden Punkte zu
erzeugen.

Netzhautfunktionskamera nach Anspruch 16, wo-
bei die Einrichtung zur Lichtfokussierung Abtastein-
richtungen (150, 170) zum Abtasten des fokussier-
ten Lichts Gber zumindest einen Abschnitt der Netz-
haut aufweist.

Netzhautfunktionskamera nach Anspruch 16, wo-
bei die Wellenldnge oder die Leistung der ersten
Quelle (21) und/oder der zweiten Quelle (22) zur
Abstimmung des isoreflektierenden Punkts veran-
derlich ist.

Netzhautfunktionskamera nach einem der vorste-
henden Anspriiche, wobei die Verarbeitungsein-
richtung (140) eine Einrichtung zur Kalibrierung der
Sauerstoffanlagerung durch Identifizieren eines
Abschnitts des Netzhautbilds mit maximaler Sauer-
stoffanlagerung und eines Abschnitts des Netz-
hautbilds mit maximaler Deoxydation aufweist.

Netzhautfunktionskamera nach Anspruch 1, wobei
die Einrichtung zur Lichtfokussierung Abtastein-
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richtungen (150, 170) aufweist, um das fokussierte
Licht Giber mindestens einen Abschnitt der Netzhaut
abzutasten.

Netzhautfunktionskamera nach Anspruch 20, wo-
bei die Abtasteinrichtungen eine erste Abtastein-
richtung (150) zum Abtasten des fokussierten
Lichts horizontal Giber den mindestens einen Ab-
schnitt der Netzhaut und eine zweite Abtasteinrich-
tung (170) zum Abtasten des fokussierten Lichts
vertikal Gber den mindestens einen Abschnitt der
Netzhaut aufweisen.

Netzhautfunktionskamera nach Anspruch 20 oder
21, wobei die erste Abtasteinrichtung (150) einen
drehbaren Polygonalspiegel und einen vibrierbaren
Planspiegel aufweist.

Netzhautfunktionskamera nach Anspruch 21 oder
22, wobei die zweite Abtasteinrichtung (170) einen
Galvanometer-Scanner aufweist.

Netzhautfunktionskamera nach einem der Anspri-
che 21 bis 23, wobei erste Synchronisierungsein-
richtungen vorgesehen sind, um die ersten und
zweiten Abtasteinrichtungen (150, 170) mit einer
Auswahleinrichtung zu synchronisieren, um selek-
tiv die erste Lichtquelle (26) und die zweite Licht-
quelle (27) zu betreiben.

Netzhautfunktionskamera nach einem der Anspri-
che 21 bis 24, wobei zweite Synchronisierungsein-
richtungen vorgesehen sind, um die ersten und
zweiten Abtasteinrichtungen (150, 170) mit der
Bilddarstellungs- und Verarbeitungseinrichtung
(141) zu synchronisieren.

Netzhautfunktionskamera nach einem der Anspri-
che 21 bis 25, wobei die ersten und zweiten Abta-
steinrichtungen (150, 170) fir von der Netzhaut re-
flektiertes Licht eine Abtastriickverfolgung ausfiih-
ren kénnen, und wobei Licht mit Abtastrickverfol-
gung zu der Bilddarstellungs- und Verarbeitungs-
einrichtung (141) reflektiert wird.

Netzhautfunktionskamera nach einem der Anspru-
che 21 bis 26, wobei die ersten und zweiten Abta-
steinrichtungen (150, 170) mit Frequenzen arbei-
ten, die Fernsehabtastfrequenzen entsprechen, so
dass die Bilddarstellungs- und Verarbeitungsein-
richtung (141) zur Gestaltung eines Fernsehbilds
verwendet werden kann.

Netzhautfunktionskamera nach einem der vorste-
henden Anspriiche, wobei diese ferner einen kon-
fokalen Filter umfasst, der oberhalb der Bilddarstel-
lungs- und Verarbeitungseinrichtung (141) platziert
werden kann, um ein Netzhautoberflachenbild zu
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detektieren und um ein tieferes Aderhautbild detek-
tieren zu kdnnen, und mit einem anti-konfokalen Fil-
ter, der oberhalb der Bilddarstellungs- und Verar-
beitungseinrichtung platziert werden kann, um das
Netzhautoberflachenbild zu blockieren und um das
Detektieren eines tieferen chorioidalen Bilds zu er-
mdglichen.

Netzhautfunktionskamera nach einem der vorste-
henden Anspriiche, wobei ein erster linearer Pola-
risationsfilter zwischen der Lichtquelle (26, 27) und
dem Auge (10) vorgesehen ist, und wobei ein zwei-
ter linearer Polarisationsfilter orthogonal zu dem er-
sten linearen Polarisationsfilter zwischen dem Au-
ge (10) und der Bilddarstellungs- und Verarbei-
tungseinrichtung (141) vorgesehen ist, so dass der
zweite orthogonale Polarisationsfilter von einer
Oberflache des Auges (10) reflektiertes Licht blok-
kiert.

Netzhautfunktionskamera nach Anspruch 8 oder 9,
wobei diese ferner eine Hinzufligungseinrichtung
(28) fiir einen optischen Strahl umfasst, die einem
ersten Laserstrahl von der ersten Lichtquelle und
einem zweiten Laserstrahl von der zweiten Licht-
quelle den Zugang zu einer optischen Achse der
Netzhautfunktionskamera ermdglicht.

Netzhautfunktionskamera nach einem der vorste-
henden Anspriiche, wobei die Verarbeitungsein-
richtung (140) eine Bilddarstellungsvorrichtung auf-
weist, die auf Licht anspricht, das von der ersten
Lichtquelle (21) und der zweiten Lichtquelle (22)
emittiert wird.

Netzhautfunktionskamera nach Anspruch 31, wo-
bei es sich bei der Bilddarstellungsvorrichtung um
eine CMOS-Anordnung, eine CCD-Anordnung, ei-
nen Fotodetektor oder einen Infrarotbildsensor
handelt.

Netzhautfunktionskamera nach einem der vorste-
henden Anspriiche, wobei diese ferner Lichtwellen-
leiter- und Linseneinrichtungen umfasst, um aus
dem Licht von der ersten Lichtquelle (21) und dem
Licht von der zweiten Lichtquelle (22) eine Punkt-
lichtquelle zu erzeugen.

Netzhautfunktionskamera nach einem der vorste-
henden Anspriiche, wobei diese ferner einen kon-
fokalen Filter umfasst, der oberhalb der Bilddarstel-
lungs- und Verarbeitungseinrichtung (141) platziert
werden kann, so dass ein Netzhautoberflachenbild
detektiert werden kann, wahrend das tiefere Ader-
hautbild blockiert wird.

Netzhautfunktionskamera nach einem der vorste-
henden Anspriiche, wobei diese ferner einen anti-
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konfokalen Filter umfasst, der oberhalb der Bilddar-
stellungs- und Verarbeitungseinrichtung (141) plat-
ziert werden kann, um das Netzhautoberflachenbild
zu blockieren, so dass ein tieferes Aderhautbild de-
tektiert werden kann.

Netzhautfunktionskamera nach einem der vorste-
henden Anspriiche, wobei Synchronisierungsein-
richtungen vorgesehen sind, um die Bilddarstel-
lungs- und Verarbeitungseinrichtung (141) mit einer
R-Welle eines Elektrokardiogramms eines Patien-
ten zu synchronisieren, um die Untersuchung des
Netzhautstoffwechsels in verschiedenen Phasen
des Herzzyklus zu ermdglichen.

Netzhautfunktionskamera nach einem der Anspri-
che 20 bis 27, wobei die Verarbeitungseinrichtung
(141) eine Einrichtung aufweist, die ersten Berei-
chen der entsprechenden Bilder mit unterschiedli-
chem Absorptionsvermdgen fiir die ersten und
zweiten Wellenlangen, die Abschnitten der Netz-
haut mit héherer Sauerstoffanlagerung als die iso-
reflektierenden Punkte entsprechen, eine erste un-
echte Farbe zuweist, und die zweiten Bereichen der
entsprechenden Bilder mit unterschiedlichem Ab-
sorptionsvermdgen fir die ersten und zweiten Wel-
lenlangen, die Abschnitten der Netzhaut mit gerin-
gerer Sauerstoffanlagerung als die isoreflektieren-
den Punkte entsprechen, eine zweite unechte Far-
be zuweist, und zur Erzeugung von Intensitaten der
unechten Farben an jedem Punkt in dem Bild pro-
portional zu dem Unterschied der Sauerstoffanla-
gerung des entsprechenden Punktes von dem ent-
sprechenden Punkt der Sauerstoffanlagerung der
isoreflektierenden Punkte.

Revendications

Caméra a fonction rétinienne (101) comprenant :
une premiére source de lumiére (21) d'une premié-
re bande de longueur d'onde ; une seconde source
de lumiere (22) d'une seconde bande de longueur
d'onde, l'absorptivité de la lumiere de la premiéere
bande de longueur d'onde par le sang oxygéné
étant supérieure a l'absorptivité de la lumiére de la
seconde bande de longueur d'onde et I'absorptivité
de la lumiére de la premiere bande de longueur
d'onde par le sang désoxygéné étant inférieure a
I'absorptivité de la lumiére de la seconde bande de
longueur d'onde ; des moyens pour focaliser la lu-
miére (30, 50, 60, 80, 90) sélectivement a partir des
premiéere et seconde sources sur une partie d'une
rétine d'un oeil (10) ; des moyens d'imagerie (80,
90, 120, 130) pour produire des images respectives
d'une partie de la rétine éclairée avec les bandes
de longueur d'onde respectives ; et des moyens de
traitement (140) adaptés pour traiter les images
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respectives obtenues par les moyens d'imagerie
pour déterminer les points isoréflectifs des images
respectives auxquels I'absorption de lumiére de la
premiére longueur d'onde est sensiblement égale
a l'absorption de lumiére de la seconde longueur
d'onde et des zones des images respectives ayant
une absorptivité différentielle pour les premiére et
seconde longueurs d'onde, pour obtenir une image
de fonction rétinienne basée sur I'oxygénation de
I'hémoglobine.

Cameéra a fonction rétinienne selon la revendication
1, dans laquelle les moyens de traitement (140)
comprennent des moyens pour afficher ces images
respectives de maniére alternée, a une fréquence
prédéterminée, tels que les zones des images res-
pectives ayant une absorptivité différentielle au ni-
veau des premiére et seconde longueurs d'onde,
scintillent.

Cameéra a fonction rétinienne selon la revendication
2, dans laquelle la fréquence prédéterminée est 12
Hz.

Caméra a fonction rétinienne selon l'une quelcon-
que des revendications précédentes, dans laquelle
les premiére et seconde bandes de longueur d'onde
sont sélectionnées entre 488 nm et 1000 nm, pour
produire une image fonctionnelle.

Caméra a fonction rétinienne selon I'une quelcon-
que des revendications précédentes, dans laquelle
la premiére bande de longueur d'onde est centrée
sensiblement sur 830 nm et la seconde bande de
longueur d'onde est centrée sensiblement sur I'un
de 635 nm et 670 nm et 760 nm ; ou la premiéere
bande de longueur d'onde est centrée sensible-
ment sur 910 nm et la seconde bande de longueur
d'onde est centrée sensiblement sur I'un de 635 nm
et 670 nm et 760 nm.

Caméra a fonction rétinienne selon I'une quelcon-
que des revendications 1 a 4, dans laquelle il est
prévu une matrice de diodes superluminescentes
(23) produisant de la lumiére dans la bande de lon-
gueur d'onde de 550 a 650 nm pour produire une
image classique et la seconde bande de longueur
d'onde estde 700 nm a 805 nm et la premiere bande
de longueur d'onde est de 805 nm a 1000 nm pour
produire une image fonctionnelle.

Caméra a fonction rétinienne selon la revendication
6, dans laquelle les moyens de traitement (140)
comprennent des moyens pour attribuer les images
respectives créées a la premiére bande de lon-
gueur d'onde et a la seconde bande de longueur
d'onde et I'image classique a de fausses couleurs
respectivement et combiner les trois images pour
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former une image couleur combinée.

Caméra a fonction rétinienne selon la revendication
1, dans laquelle la premiéere source de lumiére est
un laser.

Caméra a fonction rétinienne selon la revendication
1, dans laquelle la seconde source de lumiére est
un laser.

Cameéra a fonction rétinienne selon la revendication
1, dans laquelle les premiére et seconde sources
de lumiére (21, 22) sont des diodes superlumines-
centes pourvues de filtres passe-bande étroits pour
restreindre la gamme d'ondes de la lumiére émise.

Cameéra a fonction rétinienne selon la revendication
1, dans laquelle une source de lumiere a large spec-
tre est prévue émettant des longueurs d'onde de-
puis proche infrarouge a travers le spectre visible
et les premiére et seconde sources (21, 22) de lu-
miére sont produites en passant la lumiére a large
spectre a travers des filtres passe-bande étroits.

Caméra a fonction rétinienne selon I'une quelcon-
que des revendications précédentes, dans laquelle
les moyens pour focaliser la lumiére sélectivement
a partir de la premiére source et de la seconde sour-
ce comprend des moyens pour focaliser la lumiére
a partir des premiére et seconde sources et pour
séquentiellement mettre sous et hors tension les
premiéere et seconde sources en alternance.

Caméra a fonction rétinienne selon I'une quelcon-
que des revendications 1 a 11, dans laquelle les
moyens pour focaliser la lumiere sélectivement a
partir des premiére et seconde sources compren-
nent des moyens pour focaliser la lumiére a partir
des premiére et seconde sources et des moyens
obturateurs pour interrompre de fagon alternée la
lumiére des premiére et seconde sources, respec-
tivement.

Caméra a fonction rétinienne selon I'une quelcon-
que des revendications précédentes dans laquelle
les moyens de traitement (140) incluent des
moyens pour comparer une image a une image de
référence formée précédemment.

Cameéra a fonction rétinienne selon la revendication
14, dans laquelle les moyens de traitement (140)
incluent des moyens de reconnaissance de motif
pour aligner I'image avec l'image de référence.

Caméra a fonction rétinienne selon I'une quelcon-
que des revendications 1 a 13, dans laquelle les
moyens de traitement (140) incluent des moyens
pour attribuer aux premiéres zones des images res-
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pectives ayant une absorptivité différentielle pour
les premiére et seconde longueurs d'onde corres-
pondant a des parties de la rétine ayant une oxygé-
nation supérieure aux points isoréflectifs une pre-
miere couleur fausse et pour attribuer aux secon-
des zones des images respectives ayant une ab-
sorptivité différentielle pour les premiére et seconde
longueurs d'onde correspondant aux parties de la
rétine ayant moins d'oxygénation que les points iso-
réflectifs une seconde couleur fausse et pour géné-
rer des intensités des couleurs fausses a chaque
point dans I'image proportionnelle a la différence en
oxygénation de ce point respectif de I'oxygénation
des points isoréflectifs.

Cameéra a fonction rétinienne selon la revendication
16, dans laquelle les moyens pour focaliser la lu-
miére incluent des moyens de balayage (150, 170)
pour balayer la lumiére focalisée sur au moins une
partie de la rétine.

Cameéra a fonction rétinienne selon la revendication
16, dans laquelle une longueur d'onde ou puissan-
ce de la premiére source (21) et/ou de la seconde
source (22) est variable pour régler le point isoré-
flectif

Cameéra a fonction rétinienne selon l'une quelcon-
que des revendications précédentes, dans laquelle
les moyens de traitement (140) incluent des
moyens pour calibrer I'oxygénation en identifiant
une partie de l'image de rétine d'oxygénation maxi-
male et une partie de I'image de rétine de désoxy-
génation maximale.

Cameéra a fonction rétinienne selon la revendication
1, dans laquelle les moyens pour focaliser la lumie-
re incluent des moyens de balayage (150, 170) pour
balayer la lumiére focalisée sur au moins une partie
de la rétine.

Cameéra a fonction rétinienne selon la revendication
20, dans laquelle les moyens de balayage incluent
des premiers moyens de balayage (150) pour ba-
layer la lumiére focalisée horizontalement sur au
moins une partie de la rétine et des seconds
moyens de balayage (170) pour balayer la lumiére
focalisée verticalement sur au moins une partie de
la rétine.

Caméra a fonction rétinienne selon la revendication
20 ou 21, dans laquelle les premiers moyens de ba-
layage (150) incluent I'un d'un miroir polygonal ro-
tatif et d'un miroir plan vibrant.

Cameéra a fonction rétinienne selon la revendication
21 0u 22, dans laquelle les seconds moyens de ba-
layage (170) incluent un dispositif de balayage gal-
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vanometre.

Caméra a fonction rétinienne selon les revendica-
tions 21 a 23, dans laquelle des premiers moyens
de synchronisation sont prévus pour synchroniser
les premiers et seconds moyens de balayage (150,
170) avec des moyens de sélection pour sélective-
ment opérer la premiére source de lumiere (26) et
la seconde source de lumiére (27).

Cameéra a fonction rétinienne selon les revendica-
tions 21 a 24, dans laquelle les seconds moyens de
synchronisation sont prévus pour synchroniser les
premiers et seconds moyens de balayage (150,
170) avec les moyens d'imagerie et de traitement
(141).

Cameéra a fonction rétinienne selon les revendica-
tions 21 a 25, dans laquelle les premiers et seconds
moyens de balayage (150, 170) sont adaptés pour
débalayer la lumiére réfléchie depuis la rétine et ré-
fléchir la lumiére débalayée vers les moyens d'ima-
gerie et de traitement (141).

Cameéra a fonction rétinienne selon les revendica-
tions 21 a 26, dans laquelle les premiers et seconds
moyens de balayage (150, 170) fonctionnent a des
fréquences correspondant aux fréquences de ba-
layage de télévision tels que les moyens d'imagerie
et de traitement (141) peuvent étre utilisés pour for-
mer une image de télévision.

Cameéra a fonction rétinienne selon I'une quelcon-
que des revendications précédentes comprenant
en outre |'un d'un filtre homofocal est prévu pour
étre situé en amont des moyens d'imagerie et de
traitement (141) pour détecter une image de surfa-
ce rétinienne et pour bloquer une image choroidien-
ne plus profonde et d'un filtre anti-homofocal pou-
vant étre situé en amont des moyens d'imagerie et
de traitement pour bloquer I'image de surface réti-
nienne et permetire a l'image choroidienne plus
profonde d'étre détectée.

Caméra a fonction rétinienne selon I'une quelcon-
que des revendications précédentes dans laquelle
un premier filtre de polarisation linéaire est prévu
entre la source de lumiére (26, 27) et 'oeil (10) et
un second filtre de polarisation orthogonal par rap-
port au premier filtre de polarisation linéaire est pré-
vu entre 'oeil (10) et les moyens d'imagerie et de
traitement (141) tels que le second filtre de polari-
sation orthogonal bloque la lumiére réfléchie d'une
surface de l'oeil (10).

Caméra a fonction rétinienne selon la revendication
8 ou 9, comprenant en outre un additionneur de
faisceaux lumineux (28) pour permettre a un pre-
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mier faisceau laser de la premiére source de lumié-
re et a un second faisceau laser de la seconde sour-
ce de lumiére d'accéder a un axe optique de la ca-
méra a fonction rétinienne.

Caméra a fonction rétinienne selon I'une quelcon-
que des revendications précédentes, dans laquelle
les moyens de traitement (140) incluent un disposi-
tif d'imagerie sensible a la lumiére émise par la pre-
miére source de lumiére (21) et la seconde source
de lumiére (22).

Caméra a fonction rétinienne selon la revendication
30, dans laquelle le dispositif d'imagerie est I'un
d'une matrice CMOS, d'une matrice CCD, d'un pho-
todétecteur ou d'un capteur d'image infrarouge.

Caméra a fonction rétinienne selon I'une quelcon-
que des revendications précédentes, comprenant
en outre des moyens de lentille et fibre optique pour
produire une source ponctuelle de lumiére a partir
de la lumiére de la premiére source de lumiéere (21)
et de la lumiére de la seconde source de lumiére
(22).

Caméra a fonction rétinienne selon I'une quelcon-
que des revendications précédentes, comprenant
en outre un filtre homofocal pouvant étre placé en
amont des moyens d'imagerie et de traitement
(141) pour permettre a I'image de surface rétinienne
d'étre détectée tout en bloquant I'image choroide
plus profonde.

Cameéra a fonction rétinienne selon l'une quelcon-
que des revendications précédentes, comprenant
en outre un filtre anti-homofocal pouvant étre placé
en amont des moyens d'imagerie et de traitement
(141) pour bloquer I'image de surface rétinienne
permettant ainsi a une image choroide plus profon-
de d'étre détectée.

Caméra a fonction rétinienne selon I'une quelcon-
que des revendications précédentes, dans laquelle
des moyens de synchronisation sont prévus pour
synchroniser les moyens d'imagerie et de traite-
ment (141) avec I'onde R de I'électrocardiogramme
d'un patient, pour permettre au métabolisme réti-
nien d'étre étudié a différentes phases du cycle car-
diaque.

Caméra a fonction rétinienne selon l'une quelcon-
que des revendications 20 a 27, dans laquelle les
moyens de traitement (141) incluent des moyens
pour attribuer aux premiéres zones des images res-
pectives ayant une absorptivité différentielle pour
les premiere et seconde longueurs d'onde corres-
pondant & des parties de la rétine ayant une oxygeé-
nation supérieure aux points isoréflectifs une pre-
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miére couleur fausse et pour attribuer aux secon-
des zones des images respectives ayant une ab-
sorptivité différentielle pour les premiére et seconde
longueurs d'onde correspondant aux parties de la
rétine ayant moins d'oxygénation que les points iso-
réflectifs une seconde couleur fausse et pour géné-
rer des intensités des couleurs fausses a chaque
point dans I'image proportionnelle a la différence en
oxygénation de ce point respectif de I'oxygénation
des points isoréflectifs.
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