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OCULAR DISORDERS, AND METHODS THEREFOR

This invention relates to ocular display apparatus which may be used to
assess visual function and ocular motility, and to treat disorders thereof.
In particular, the invention relates to ocular display apparatus which
presents different, but visually related, images or environments to each
eye, in which there is at least one moving object. The apparatus may be
configured as an interactive binocular display apparatus. It also relates to

methods of assessment of ocular disorders and to their treatment.

There are a number of common eye conditions where a person’s eyes fail
to work correctly in combination with each other. These conditions can
result in blurred or double vision, or the absence of true stereovision.
These conditions are often the result of physical problems, i.e.
strabismus, commonly known as a squint, which can result in amblyopia,

commonly known as a ‘lazy eye’.

This invention has particular relevance to the assessment and treatment of
amblyopia or ‘lazy eye’, however it is applicable to the study and
treatment of many eye conditions, and possibly vision/co-ordination

related brain problems, or neurological pathway developmental problems.

Amblyopia is a condition of the visual system in which one eye fails to
develop a normal level of visual acuity during the developmental period
for vision in the absence of ocular disease. Amblyopia can occur in
subjects who are strabismic (have a squint), or are mixed amblyopes
(have a squint and anisometropia ~ such that both eyes have different

refractive errors, leaving one eye defocused), or have a cataract which
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can result in amblyopia due to stimulus deprivation. The poor vision
resulting from amblyopia cannot be corrected by optical means.
Amblyopia is a common condition of childhood affecting perhaps as many
as 2-3 percent of the population, and can carry over into adult life if left
untreated. Whilst most people can manage with a lazy eye, they may well
have reduced or no binocular function and this may compromise their
ability to perform certain complex tasks, such as flying an aeroplane or
driving a train. Furthermore, persons with one amblyopic eye who suffer
injury to their ‘normal’ eye account for a small, but significant, number

of people on the blind register.

Whilst many treatments for amblyopia have been attempted the most
common remains the use of a patch, which has been advocated for
decades, indeed use is documented as early as the eighteenth century.
More specifically, the non-amblyopic eye is covered with a patch for
prescribed periods of time daily, (e.g. hours a day) perhaps for several
months, and even years. The patching of the non-amblyopic eye forces
the wearer to use and hence stimulate the amblyopic eye. A major
drawback with the use of the patch is subject compliance. That is,
ensuring the subject wears the patch for the prescribed time periods.
Most subjects are children many of whom do not want to wear the patch
as their vision is much poorer when using only the lazy eye, or they are
teased when wearing the patch and so refuse to wear it. Non-compliance
is a major cause of failure of the patching technique in treating children
with amblyopia. It is thought that children with amblyopia are best

treated before the age of eight years.

Searches performed with hindsight have identified the following
documents: GB 2 353 869 to a synaptophore using computer display to
measure a squint; EP 0 830 839 to a binocular view function apparatus

and inspecting method; and US 4 756 305 to an eye training device.
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According to a first aspect of the invention, we provide an ocular display
apparatus having image presentation means adapted to display a first
image to one eye only of a subject, and a second, different, image to the
subject’s other eye only, the first and second images being presented to
the subject so that they perceive a composite image, wherein at least one

of the first or second images includes a moving object.
Preferably, the subject is visually immersed in the displayed images.

By ‘visually immersed’ we mean that the subject sees substantially only
the displayed images. The subject has no significant peripheral vision
outside the displayed images, and so is not readily visually distracted by
incidental movement in their peripheral vision. This is particularly

important if children are the subjects as they are easily distracted.

The apparatus may alternatively be termed an image display device or

image production device.

Preferably the images are computer generated and may be presented to the
subject using a spilt screen or two separate screens, configured as a ‘table
top’ or hand held viewer, or a headset. The images may be perceived as

two dimensional (2D), three dimensional (3D) or virtual reality.

In at least one embodiment of the present invention the apparatus uses

virtual reality technology.

The apparatus may comprise image presentation means configured as one
Oor more Sscreens. Preferably, the image presentation means are
configured as first and second screens on which the first and second

images are respectively displayed, which includes a barrier means adapted
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to allow each eye of a subject to see a respective first or second screen,
and to prevent each eye of the subject from seeing the other of the first or
second screens. Alternatively, the images may be presented on discrete
parts of a single screen, each eye being able to see only a respective one

of the images.

Alternatively, the image presentation means may include a projector
adapted to project the first and second images. First and second screens
may be provided on which the first and second images are respectively

projected.

Alternatively, or additionally, the image may be generated in some other

way, for example using a CRT screen, a plasma screen or an LCD etc.

The image may be generated on a pixellated screen in which the pixels
are individually electronically addressed, for example one which employs
a raster array. This may allow a practically infinite number of images to
be displayed on the screen and allows for the presentation of movement of
an object on the screen which appears smooth to the subject/viewer( i.e.

like a video, rather than like jumping between illuminated pictures).

The device may comprise a stereoscopic viewer which displays a different
image to each eye. The system can be used to present a range of static or

dynamic, 2D or 3D images to the subject.

As the subject is visually immersed their whole visual field can be
studied, as opposed to studying only their central vision and not their

peripheral vision.

Preferably, the movement in at least one of the first or second images is

perceived by the subject to be smooth/continuous.



WO 03/092482 PCT/GB03/01909

10

15

20

25

30

By a moving object it will be understood that this includes a varying or
changing visual object within the image or scene, such as, hands on a
clock face, characters moving in a cartoon, or a racing car travelling
around a track etc. This movement, or perception of movement, can be-
achieved, for example, by displaying a sequence of slightly different
images in time, provided that the time between the images is short enough

that the viewer perceives a moving object in the image.

Each eye may be presented with a different image simultaneously, or
alternatively, the images may be presented in quick succession,
alternately, so as effectively to be simultaneously displayed, as perceived

by the subject.

The different images may differ only in minor details, say differing only
in that one image includes an additional feature. Indeed, the first and
second images may differ only in the colour, contrast, intensity or focus
of at least part of one of the images. Alternatively the images may be

very different and have no features in common.

The movement may be in the whole visual field of the subject, or it may
just be in the central field of view or it may be just in the peripheral field
of view. The field of view where the movement occurs may change.
Typically, if the aim is to stimulate a lazy eye the movement will be in
the centre of the image displayed to the lazy eye. If the intention is to
test or exercise peripheral characteristics on a subjects vision the

movement may be in the peripheral field of view of the subject.

The peripheral image may be shown to one eye and the central image may
be shown to the other eye. This allows stimulation of the central vision.

This is important in the treatment of amblyopia, where the ‘lazy’ eye may
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be shown the more stimulating central image, and the ‘better’ eye is

shown the peripheral image, thereby forcing the lazy eye to work harder.

Each eye may be shown an image with movements in different parts of
the field of view. What is moved in the image, and the extent to which it
is moved, may be varied dependent on the subject’s condition, e.g. their
degree of amblyopia, and to keep the subject constantly visually. and

cognitively engaged.

Preferably the images are displayed to the subject, and viewed by the

subject, in full colour.

The images are preferably not viewed via prisms as the use of prisms
|

introduced chromatic aberrations and degrades the visual image, and full

colour cannot be viewed properly. Introducing a prism, or any other

optical element, may cause significant chromatic aberration.

Preferably the images are presented to the subject along the direction of
the visual axis each eye, taking into account any squint the subject may
have. That is, the image may be presented to the subject at an angle
equal to that of the subject’s angle of squint. Each eye of a subject may
have their respective images presented as different angles (i.e. if each eye

has a visual axis in a different direction).

The subject’s perception of the image will be determined by their ocular
characteristics (ie whether the subject has a squint, ocular torsion or other
visual disorder). The position of the first and second images may have to
be adjusted from one subject to the next in order that each subject
perceives the same composite image. The aim of many embodiments is
that all subjects perceive the same composite image even though the

position of the first and second images may be different.
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Preferably the perceived composite image is a combination of the first

and second images superimposed.

Preferably, the subject must use both eyes in order to view the composite
image. If both eyes are not used together the user will not see the whole
composite image. This apparatus can be used to encourage use of a lazy
eye, say be presenting more stimulating images to the lazy eye and
encouraging it to work harder, in a more like real life environment than

patching the eye.

The apparatus may be configured such that at least one moving object is
present only to one eye. Alternatively, a different moving object may be

presented seperately to each eye.

Preferably, the apparatus is adapted to display first and second images

that are related to each other.

Preferably, the first image has at least one additional feature not present
in the second image. Alternatively, the first image may have at least one
first additional feature not present in the second image, and the second
image may have at least one second additional feature not present in the

first image.

Preferably the first image comprises a first sub-image and the second
image comprises a second sub-image, the sub-images when superimposed

produce a combined overall image.

Preferably the overall, combined image is recognisable as a known thing

by the subject, for example as a known article, event, scenario, etc.
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Preferably the first sub-image and the second sub-image each have a
common component superimposable as seen by a subject so as to be seen
as only one éub—image by the subject, and in which at least one of the
sub-images also has at least one additional feature not present in the other

sub-image.

Thus, a subject can see a common-to-both sub-images component
aligned/superimposed as a single feature of the combined image, and also
the additional feature. The additional feature may be presented to the eye
that performs worst/badly. The additional feature may comprise an eye-
catching, interesting feature, possibly the focus/centre of attention of the
combined image. The common-to-both sub-images may be dull,

uninteresting features (in comparison to the additional feature).

Preferably at least one of, or both of, the first and second images include
a moving (ie dynamic) object, such that the image display changes over

time.

The apparatus may also be adapted to cause said first image to have
stationary objects and said second image to have at least one moving
object. The apparatus may have a subject-manipulatable object-control,
which is adapted to enable control of the movement of at least one of the

moving objects relative to the stationary objects.

Apparatus may also be provided which may be adapted to cause said first
image to have at least one first moving object and said second image to
have least one second moving object. The apparatus may have a subject
or operator-manipulatable object control adapted to enable the movement
of at least one of, or both of, the first and/or second moving objects to be
controlled. The operator may not be the subject - they could be a

clinician, orthoptist or technician.



WO 03/092482 PCT/GB03/01909

10

15

20

25

30

Preferably the moving object or objects which can be manipulated are
controlled by the operator or the subject user using a joystick, paddle, |
hand held control device, touch screen, keyboard or other appropriate
device. The ability to manipulate objects allows user interaction with the
image. This interaction may be achieved by user participation .in a game,
in which the user controls the movement of at least one of the movable
objects. Movement of objects may also be under the control of computer

software.

Subject interaction or participation requires both eyes to be used together.
The active searching of the visual image or scene by each eye
independently in order to fuse the images stimulates binocular brain
activity.  The use of both eyes together in an interactive visual
environment can be used as an exercise or treatment for amblyopia, by
stimulating the uses of a lazy eye. Absent the requirement that both eyes
are used together in order to see the complete composite image,
amblyopia sufferers are inclined to view an image with only their good

eye.

The apparatus may comprise an operator display adapted to display to an
operator the images seen by the subject, or representations of those
images, or an indication of the identity of those images, and/or an

indication of the type or degree of eye disorder present in the subject.

This enables the operator to know what the subject is seeing, and possibly
to ask questions, to establish what is perceived by the subject. Such
subject-feedback may be provided without an operator asking questions -

the machine may ask them of the subject, either aurally or visually.
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Preferably the apparatus may comprise image manipulation means adapted
to enable the first and second images to be manipulated to present them so
that a subject perceives the intended composite image. The manipulation
means may be provided to the subject or to the operator, or both. A
manipulation monitor may be provided adapted to provide information on
the type and degree of manipulation of the images required to enable the
subject to perceive the intended composite image. The manipulation
monitor may provide this information to the op.erator, possibly in real
time as the subject uses the apparatus. The manipulation monitor may
comprise a display screen, possibly of a computer (e.g. a PC, or

portable/laptop/ palmtop computer).

The apparatus may also comprise a monitor adapted to present said
information on a results display. The results may also be provided as

paper print-out generated by the apparatus.

Image movement means may be provided adapted to cause relative
movement between the first and second images so as to enable their

relative positions and/or orientations to be adjusted.

One or more adjustments may be performable from the list:-
(i) moving the first and/or second image horizontally;

(ii)  torsional movement of the first and/or second image;
(iii) transposing the positions of the first and second images;

(iv) moving the first and/or second image vertically.

The image movement means may allow a first alignment portion of the
first image to be aligned, as seen by the subject, with a second alignment
portion of the second image. In order for a subject to perceive the
intended composite image, these alignment portions must be perceived by

the subject as aligned.
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The first and second alignment portions may be provided on a common
component and a said additional feature respectively. Thus, a subject
may see a desired, recognisably aligned configuration of something

presented to one eye only and something presented to both eyes.

Alternatively, the alignment portions may be presented separately to each
eye. The user may have to align something seen only with one eye with
something seen only by the other eye: that is to say that the first and
second alignment portions may be provided on first and second additional
features respectively. Thus, a subject may see a desired, recognisably
aligned configuration of something presented to one eye only with another

thing presented to the other eye only.

The first and second images may each contain a first and second object
with alignment portions respectively, in order for the subject to perceive
the intended composite image the alignment portions must also be

perceived to be aligned.

Image movement means allow the first and/or second images to be moved
until the subject perceives the first alignment portion of the first image to

be aligned with a second alignment portion of the second image.

Preferably, the apparatus may be configured to allow egocentric (first
person) movement, so that it appears to the subject that they are actually

moving within the displayed image.

The images presented may be adapted to produce images which are
perceived by the subject as 2D, 3D or virtual reality (VR). In traditional

VR each eye is presented with the same image from a different
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perspective. However, in this invention each eye is presented with a

different image, that is, the content of each image is not the same.

Preferably the apparatus comprises a computer memory having a library
of images and a computer processor adapted to retrieve images and
present them to a subject. The apparatus may comprise a user-operable
image selector adapted to enable different images to be presented to the

subject.

The apparatus may be adapted to present a composite image that presents
a game, or viewable performance (for example, a film), or subject-

interactive test to the subject.

The playing of a game, for example, requires the interactive involvement

of the subject with the images displayed.

Preferably, the interaction is real-time, that is, the subject observes an

immediate response to their action.

The apparatus may also be adapted to provide information indicative of
(a) the amount and type of corrective movement of images required to
enable a subject to see an intended composite image, or (b) information
relating to vision defects of a subject, for a plurality of eye disorders, at
Jeast one, or some, of which are from the list:-

(1)  amblyopia

(2)  diplopia

(3)  squint

(4)  ocular torsion.

The apparatus may also be adapted to measure visual function, ‘more

specifically, to measure at least one of:-
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(1)  visual acuity;
2) ‘crowding’ effect;
(3)  visual perception time;
(4) a squint in primary position (straight
misalignment;
(5)  a squint in nine (or several) positions of gaze;
(6)  ocular torsion;
(7)  eye movements;
(8)  area of binocular single vision;
(9)  the limit of eye movements;
(10) the density of suppression;
(11) the area of suppression;
(12) head posture;
(13) saccades (rapid eye movements);
(14) post-operative diplopia;
(15) binocular visual acuity;
(16) presence of binocular single vision;
(17)  the fusion range;
(18) 3-D vision/stereo-acuity/stereopsis;
(19) distance stereopsis; and/or
(20) paediatric visual field.

PCT/GB03/01909

ahead)

or

ocular

The apparatus may also be capable of perfdrming 2, 3,4, 5, or more of

items (1) to (20).

The apparatus may be adapted to measure visual function and to present a

game, viewable performance or subject-interactive test to the subject.

Preferably the subject or operator can readily switch between test, watch

and game modes.

The ability of a single piece of apparatus to perform

multiple modes of operation has the advantage of providing a versatile
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piece of apparatus which can perform many different functions, which
occupies less floor space and costs less than having a different device for

each function.

The apparatus may be portable. By “portable” we mean carriable by
single 80kg person without undue difficulty, preferably (but not

necessarily) using one hand.

Preferably, the apparatus is also provided with an eye-direction detector;
which may comprise an eye monitor adapted to determine the direction in
which one, or both, eyes are looking (that is to say, to monitor eye

movement).

The apparatus may be adapted to produce three-dimensional images.
These are useful in assessing convergence and stereopsis and can be

useful in stimulating visual interest.

Preferably the ocular display apparatus includes a computer controller,
such as a microprocessor, or a PC, configured to control the images
displayed to the subject. A qualified practitioner, such an orthoptist, or a
technician may operate the computer controller, or indeed it may be that
the subject can be trained to operate the controller and control the tests

themselves.

The images provided to each eye can be changed in one or more of, or
possibly all of: content, colour, resolution, contrast, intensity, focus
organisation and visual angle. Control of this change may be under the
control of the user and/or the operator. This may stimulate and/or
compensate the subjects vision, and be used to diagnose or treat a
particular subject’s condition. In addition, the image displayed to either

eye can be selectively turned on or off (e.g. “patched”), or progressively
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fogged. The images displayed to each eye can be transposed/swapped

over.

An operator, and/or the subject may able be control the changes to the

images, alternatively, software may control this.

The changes made may be to the whole image or just to a part of the
image, for example the change may be in the peripheral field of view or
in the central field of view. These changes can be made to vary the

stimulus to the subject.

The ocular display apparatus can also be used to exercise the eyes and
improve vision, for example by encouraging use of a ‘lazy eye’ in
children with amblyopia. This may be achieved by showing less detail to
the non-lazy eye, and details of more interest to the lazy eye, thereby
making it work harder. The apparatus may comprise apparatus for
measuring the type of and/or degree of physical performance of an eye,

or eyes.

The requirement to use both eyes together stimulates binocularity, that is,
the ability to use both eyes as a pair. This is in contrast to conventional
patching treatment used for amblyopia sufferers which disrupts
binocularity, and indeed may even result in a marked reduction in
binocularly responsive cells in the brain, and the failure of the
development of normal neurophysiological mechanisms, thus so-called
‘normal’ binocular vision may be impaired by patching. Indeed, in some

circumstances, patching can induce amblyopia in what was the good eye.

The use of both eyes during treatment, diagnosis or exercise also
maintains para-central fusion of the image with the good eye, even though

the poorer eye may be more stimulated than the good. In addition, the
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use of both eyes encourages peripheral sensory fusion and aids motor

fusion in the long term.

The ocular display apparatus described may be used to perform a range of
orthoptic assessment tests, and to measure and diagnose ocular disorders,
indeed the apparatus may even be used to exercise the eyes or to treat

various disorders.

The apparatus may allow many tests to be performed, some of which may
be complex tests. It may be a relatively small piece of equipment. The
assessment procedure may be quicker and simpler, and may remove the
need for subjective specialist expertise in the tests which requires

extensive training and experience.

The simplicity of the apparatus means a technician could operate the
apparatus, without requiring the input from a qualified orthoptist.
Interpretation of results may however require more specialised medical

input, such as from an orthoptist.

The apparatus described is more subject friendly than previous orthoptic
test devices or apparatus, and in particular is useable with children as
well as adults. Many conventional tests are too complicated or laborious

for children.

The apparatus may also offer the opportunity to include tests for clinically
important conditions for which there is currently no test available. This
includes the assessment of paediatric visual fields, distance stereopsis,

and post-operative diplopia test for cyclo-deviations.

Current methods for the diagnosis of amblyopia and other eye defects

requires the subject to undertake a battery of orthoptic tests, to study
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vision, binocularity and ocular motility. This requires highly trained
medical staff, a host of equipment - each with its own expensive
acquisition, setting up and maintenance costs, and demands substantial
space to set up and use the equipment. Furthermore, the extent and

number of the tests can be somewhat daunting for a child.

It is also envisaged that the apparatus may be used as a pre-operative tool
capable of simulating the vision a person will experience post-operation,
such as for the correction of a squint. In some circumstances corrective
surgery results in double vision, which may be considered by the person
to be worse than the current condition, by testing preoperatively, this
device may be able to predict which patient will suffer diplopia when
their squint is corrected, including cyclo-deviations. In these
circumstances it may be advisable not to operate. It also gives patients an
opportunity to prepare themselves for the change in vision gradually.
Current techniques require the injection of a Botulinum toxin which
allows temporary adjustment of the eye position. This is, of course,

invasive, and it is not pleasant to have an injection into an eye muscle.

An embodiment of the apparatus produces data in an electronic form,
which can be easily stored, or transmitted to where needed. For example,
a High Street optometrist could perform the test and then relay the data to

the patient’s GP for referral to the hospital eye service.

The apparatus may also be used to stimulate 3-dimensional vision by
maintaining binocularity during treatment of amblyopia, the mechanisms
involved in fusion are not disrupted. This may allow some development
of stereoscopic vision not normally possible with conventional patching

treatment.
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Known visual devices, including Virtual Reality devices, deliver the same
image or virtual environment to each eye. It is known to present different
perspectives of the same scene to each eye in order to achieve a 3-D

effect, but that is not the same as having “missing” objects for an eye ~
i.e. putting some of the interesting things a subject is intended to see to

one eye only.

Software has been developed to provide treatment in the form of tests,
quizzes, competitions, interactive video games, film clips and cartoons,
which offers familiar and interactive presentations which children can
actively enjoy “whilst simultaneously improving their sight. Providing a
performance to be watched, or an interactive event, such as a mental
test/game, is psychologically more attractive to a. patient than undergoing
more traditional methods. By making the treatment more enjoyable,

compliance should improve.

According to another aspect of the invention a method of measuring
visual funcﬁon comprises displaying a first image to one eye only of a
subject, and a second, different, image to the subject’s other eye only, the
first and second images being presented to the subject so that they
perceive a composite image, wherein at least one of the first or second

images includes a moving object.

According to another aspect of the invention a method of assessing ocular
disorders comprises displaying a first image to one eye only of a subject,
and a second, different, image to the subject’s other eye only, the first
and second images being presented to the subject so that they perceive a
composite image, wherein at least one of the first or second images

includes a moving object.
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According to another aspect of the invention a method of assessing
peripheral visual field comprises displaying a first image to one eye only
of a subject, and a second, different, image to the subject’s other eye
only, the first and second images being presented to the subject so that
they perceive a composite image, wherein at least one of the first or

second images includes a moving object in the peripheral field of vision.

Preferably, the method comprise‘s displaying a first object at the centre of
a composite image, and introducing at least one second object into the
first and/or the second image in the peripheral field of view, and
recording eye movement in response to the introduction of a second

object.

Preferably, the object at the centre of the composite image holds the
subject’s attention, it may move or be brightly coloured. The objects
introduced into the peripheral field of view may also be visually

stimulating, and preferably their introduction is random.

The recorded -data may be used to plot a map of the subject’s peripheral
visual field. Eye movement may be monitored by simply watching or
asking a subject to respond to when they see an additional image, or by

using an eye tracker to monitor eye movement.

According to another aspect of the invention a method of diagnosing
ocular disorders comprises displaying a first image to one eye only of a
subject, and a second, different, image to the subject’s other eye only, the
first and second images being presented to the subject so that they
perceive a composite image, wherein at least one of the first or second

images includes a moving object.
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According to another aspect of the invention a method of treatment of
ocular disorders comprises displaying a first image to one eye only of a
subject, and a second, different, image to the subject’s other eye only, the
first and second images being presented to the subject so that they
perceive a composite image, wherein at least one of the first or second

images includes a moving object.

According to another aspect of the invention a data carrier carries
software, which when running on a processor, causes the processor to
control the display of a first image to one eye only of a subject, and a
second, different, image to the subject’s other eye only, the first and
second images being presented to the subject so that they perceive a
composite image, wherein at least one of the first or second images

includes a moving object.

-According to a further aspect the invention provides a computer program

product configured for use with ocular display apparatus to control a
computer comprising means for displaying a first image to one eye only
of a subject, and a second, different, image to the subject’s other eye
only, the first and second images being presented to the subject so that
they perceive a composite image, wherein at least one of the first or

second images includes a moving object.

Embodiments of the invention will now be described in more detail by

way of example with reference to the accompanying drawings, of which:-

Figure 1 shows schematically an ocular/image display apparatus

for use in studying visual function and ocular motility;

Figure 2 shows the images visible to each eye in Figure 1

superimposed;
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Figure 3A to 3C show schematically an alternative ocular/image

display apparatus to that of Figure 1;

Figure 4 shows schematically a portable ocular/image display

apparatus;

Figure 5A shows an ocular/image display apparatus configured as a

headset;

Figure 5B shows a handheld ocular/image display apparatus;

Figure 6 shows a computer control screen/interface used to operate

the image display device of Figures 1, 3 to 3C, 5 and 5B;

Figure 7 shows an enlarged view of part of the computer control

screen/interface of Figure 6;

Figures 8A to 8C show details of a Pac Man™ type game designed
for use with the ocular/image display apparatus of Figures 1, 3A to

3C, 5A and 5B;

Figures 9A to 9C show details of a racing car game designed for
use with the ocular/image display apparatus of Figures 1, 3A to 3C
5A and 5B;

Figures 10A to 10C show an example of images used to view a
film with the ocular/image display apparatus of Figures 1, 3A to
3C, 5A and 5B;
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Figures 11A to 11C show images used with ocular/image display

apparatus of Figures 1, 3A to 3C, 5A and 5B to study fusion range;

Figures 12A to 12C show images used with ocular/image display
apparatus of Figures 1, 3A to 3C, 5A and 5B to study peripheral

vision;

Figures 13 and 14 show graphically the results of trials in which
children with amblyopia have used the ocular display apparatus

according to the invention.

Figure 1 shows a schematic representation of an ocular or image display
apparatus 10, configured to present images of differing visual content
simultaneously to each eye. The apparatus 10 comprises a housing 12,
into which a subject looks using eye holes 14, 15 in housing wall 21 to
view images 17 and 18 displayed onto a screen on the opposite wall 20.
Each eye views, using the eyeholes 14 and 15, different displayed images,
17 and 18 respectively. A central dividing wall 24 prevents each eye

from seeing the image displayed to the other eye.

The eye holes 14, 15 may include eyepieces (not shown) similar to those
illustrated in Figure 5B which serve to ensure the subject is visually
immersed in the displayed images, and reduce the risk of distraction by
events occurring in the subjects peripheral vision outside the displayed

images.

The housing 12 is shown in Figure 1 as being transparent to allow the
internal configuration of the apparatus 10 to be illustrated, however in use
the housing will typically be opaque to prevent interference from external

visual stimuli.
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In Figure 1 small projectors 26 and 27 within the apparatus project
irﬁages 17 and 18 onto the back wall or screen 20 of the device. The

projectors 26, 27 are controlled by the controller 29.

In the simple test depicted in Figure 1 the subject is required to position
the two displayed images 17 and 18, one being seen by each eye, such
that they are superimposed and only one image is perceived. For
example, the left eye looking through eye hole 14 will see a first image
17 of clock hands, and the right eye, looking through eye hole 15, will
see a second image 18 of a clock face, the dividing wall 24 prevents the
left eye from seeing the clock face 18 and the right eye from seeing the
clock hands 17. The object of the test is for the subject to perceive the
images superimposed, as a composite image, that is the clock hands on
the clock face, as depicted in Figure 2. Once the images are aligned and
superimposed the hands may move requiring the subject to maintain the
image alignment in order to tell the time from the composite image.
Furthermore, the subject must use both eyes together in order to tell the
time. If only one eye is used the subject will be able to see only the

hands or only the face and will not be able to tell the time.

Depending on the subjects visual/ocular characteristics alignment and
superimposition of the first and second images may require the position or
angle of the images to be adjusted. Typically the images are displayed

along the visual axis of each of the subject’s eyes.

The display of images 17 and 18 are controlled by controller 29. The
controller 29 is configured to respond to the image perceived by the
subject, and to adjust the location of the first and second images

accordingly, until the subject perceives the composite image of the hands

“on the clock face as in Figure 2. The ability to adjust the angle of the
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image viewed allows a subject with a squint to use both eyes together and

to resolve the image of the hands on the clock face.

Information may be fed to the controller manually, in this example in
response to verbal fed back from the subject as to what he can actually
see. Say, for example, the subject reports that he can see the entire clock
face 18 however only the tip of one hand 17 is touching the edge of the
clock face, this information can then be fed to the controller to effect
movement of the projected image of the hands 17 horizontally until the
subject perceives the clock hands on the clock face, thereby allowing

subjective measurements to be taken.

Alternatively, sophisticated eye tracking devices 11, 13 may be
incorporated into the ocular/image display apparatus, which monitor and
electronically communicate to the controller 29 eye movements, more
specifically, the direction in which each eye is looking, and hence what is
being perceived by the subject. The operator can then adjust the image
displayed accordingly until the subject perceives both images fully aligned

and the hands are on the clock face.

By analysing the degree and nature of movement of the displayed images
required in order for the subject to perceive images in the correct
registration (the hands on the clock face), conclusions can be drawn as to
the subject’s visual function and ocular motility. This information may

be displayed on an associated screen or print out.

Figure 3A depicts an alternative ocular/image display apparatus 30 to that
of Figures 1, 3B and 3C. In this representation the apparatus 30
comprises a remote viewer 32 connected to a controller, in this case a
computer 33. The viewer 32 may be hard-wired 34 to the computer 33 or

communicate via an infra red connection (not shown). Again the
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apparatus could be fitted with eyepieces as depicted in Figure 5B in order

to encourage visual immersion.

An operator using the computer 33 can control and analyse the images
seen by the subject in the viewer 32. Indeed, it may be that the subject or
the operator can use a joystick 35, a keyboard 36 or another suitable
device, to move the projected images until the desired superimposition of
images is perceived. The computer will monitor, and possibly record, the

extent of movement of the images.

Figure 3B shows an alternative viewer to that depicted in Figure 3A. The
subject 41 is shown seated before the viewer 40. Using eye holes 42 and
43 the subject 41 sees a different image 45 and 46 with each eye. Again,
the eyepiece of Figure 5B could be fitted to the viewer. Images 45, 46
are initially displayed, rotated 90°, on a screen 44 located to the rear of
the viewer 40, a series of mirrors reflects the images 47, 48 from the
screen so that they can be viewed in the correct orientation by the subject
41. Arrows 49, 50 and 51 indicate how image 45 is reflected. Figure 3C

is an alternative view of the viewer 40 depicted in Figure 3B.

Figure 4 depicts a portable ocular/image display apparatus 37, which can
be used at any location. This has the advantage that a subject need not
travel to a large hospital in order to use the apparatus 37, indeed the
apparatus could be used in the subjects own home, in a GP’s clinic, or in
a high street opticians. The results of tests could be e-mailed to the

hospital/consultant.

Figure 5A depicts a further alternative ocular/image projecting apparatus
40 to that of Figures 1 and 3A to 3C, configured as a headset to be worn
by a subject. The apparatus comprises a pair of goggles 41, with lenses

43, 44, which is located on a subjects head using strap 45. Eyepieces 42,
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46 project from the lenses 44, 43 and allow the subject to be substantially
visually immersed in the displayed images when wearing the apparatus.
Once positioned on the subjects head each eye is simultaneously shown a
different projected image 47, 48, typically using two miniature computer
display screens in the headset. Again, the images shown are of clock
hands 48 and a clock face 47 and the aim is for the subject to locate the
images such that the hands are perceived to be on the clock face as shown
in Figure 2. Display of the images within the headset is controlled by the
controller 49. The controller may be in communication with a remote
computer which relays information regarding what images should be

displayed and any movement of the images required.

Figure 5B depicts a yet further alternative ocular/image projecting
apparatus 180 to that of Figures 1, 3A to 3C and 5A, configured to be
hand held by the subject. The apparatus comprises a casing 182 which
houses the display means (not shown) configured to display a different
image to each eye of the subject. The subject locates the eyepieces 184,
185 around their eyes and then looks through lenses 186, 187 to view the
displayed images.

Eyepieces 184, 185 typically contact the subject’s face around the eye,
thereby reducing the risk of visual distraction by activity in the peripheral
field of vision outside the apparatus. Essentially the eyepieces 184, 185
help to ensure that the subject is visually immersed in the displayed
images. This allows the apparatus to be used to examine and exercise the

whole of the subjects visual field.

Figure 6 shows an example of a computer control screen/interface or
operator display 50 used by an operator to. control the images displayed in
an associated ocular/image display apparatus, such as illustrated in

Figures 1, 3A to 3C, 5A and 5B, to enable an assessment of the subjects



WO 03/092482 PCT/GB03/01909

10

15

20

25

30

27

visual function and ocular mobility. The operator may be a clinician,
orthoptist or technician, or may even be the subject. The control
screen/interface 54 includes a representation of the different images being
shown to each eye. In this example, one eye is seeing the upper image 52
and the other eye is seeing the lower image 53. The images when seen by
the subject are orientated to be horizontal. The aim is to position the
images such that the subject perceives them to be superimposed. In this
example an aerial is the “combined” aligned object and the subject has to
align the object alignment portions 55, 56 such that the subject perceives
a complete aerial. This control screen/interface 54 allows the operator to

see what the subject is seeing.

Figure 7 shows an enlarged view of part of the computer conirol
screen/interface or operator depicted in Figure 6. The control panel or
manipulation monitor 50 includes a series of buttons, typically operated
using a mouse/cursor, control keys on a keyboard, or touch sensitive
screen, which allow the position of the projected image to be adjusted to
compensate for particular eye/visual conditions. The control panel allows
various adjustments to be made to the displayed images, such as
adjustment of the viewing angle to each eye, either independently or
together, adjustment of the effective intra-ocular distance of the images
and the selective display of images to either the good eye or the lazy eye

or both eyes.

For example, buttons 61, 62 allow the image presented to the left eye to
be adjusted anticlockwise and clockwise respectively to compensate for
rotation of the eye. The degree of rotation is given as numeric indicator
63. In this example, the image displayed to the left eye has not been

rotated, and a reading of 0 is seen.
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Buttons 65 and 66 allow the image presented to the left eye to be rotated
to the left and right respectively to compensate for torsion of the left eye,

the degree of torsion is given as numeric indicator 67.

Buttons 68 and 69 allow the image presented to the left eye to be adjusted
vertically, up and down respectively, to compensate for any vertical

misalignment. The degree of movement is given as numeric indicator 71.

Buttons 72 to 77 reflect adjustment of the image with respect to the right
eye for those considerations discussed with reference to buttons 61, 62,

65, 66, 68 and 69 respectively.

Buttons 81 and 82 allow the images to be simultaneously moved
horizontally, button 81 will cause the images to be moved closer together,
and button 82 will move the images further apart. This allows correction
for any latent or manifest horizontal squint as well as allowing studies of

convergence and divergence.

Buttons 84 and 85 allow images to be simultaneously rotated. Button 84
will rotate both images ‘inwards’, that is the image to the left eye will be
rotated clockwise and the image to the right eye will be rotated anti-
clockwise. Conversely, button 85 will rotate both images ‘outwards’,
that is the image to the left eye will be rotated anti-clockwise, and the

image to the right eye will be rotated clockwise.

There are also options to fog one of the images seen by the subject,
button 88, and to patch one eye, buttons 91 and 92 patch the right and left

eye respectively.

Ultimately, at the end of a session, the computer will produce a report, in

this case a numerical readout, of the visual characteristics of the subject,
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such as the degree of squint or torsion in an eye, and the ability of the
Subject to converge, this data can be stored digitally or printed out as a

paper copy. The data provided can be used to assist in diagnosis.

The control panel 50 also includes options to switch between different
images and modes of use, that is, say between test, watch and game
modes. Button 101 would select the clock face and hands images depicted
in Figure 1. Button 102 would select a traditional logMAR visual acuity
chart. Button 103 would select a car racing game and button 104 would
select a Pac Man™ type game. Button 105 would select a film option. In
all of the above options each eye would be simultaneously shown a

different image.

The switch may be made by the subject or the operator, if that is not the

subject.

Figures 8A to 8C show a Pac Man™ type game designed for use with the
ocular/image display apparatus of Figures 1, 3A to 3C and 5. A different
image is simultaneously displayed to each eye, requiring both eyes to
work together in order for the game to be played. The game requires

subject interaction and participation.

In more detail, image 110 (Figure 8A) is shown to only one eye and
includes the maze 111 and ‘dots’ 112 which when eaten by the Pac Man™
115 results in the scoring of points. Simultaneously, image 114 (Figure
8B) is shown to the other eye. This image 114 includes the Pac Man™
115 and the ‘ghosts’ 116. When the images are correctly projected such
that the subject perceives both images 110 and 115, one with each eye,
accurately superimposed, the subject will see image 120 (Figure 8C).
Once the subject sees the image as 120 the game can be played, the aim

being to negotiate the Pac Man™ 115 around the maze 111 eating as many
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dots 112 as possible, whilst avoiding the ghosts 116 who will destroy Pac
Man™ 115. The game requires that both eyes are used simultaneously,
and can be used as treatment for amblyopia. The playing of the game
requires active participation by the subject, this interaction is preferably
real-time, in that the game responds immediately to the subjects request,
eg to move the Pac Man™ to the left or right. The game may be used as
an alternative to patching or in combination with patching. Such
exercises are more effective than patching as the subject, usually a child,
is more interested in playing a game and thus compliance is more likely.
In addition, this exercise requires both eyes to function as a pair,
encouraging binocularity, as well as treating the amblyopia by forcing use

of the weaker lazy eye.

Figures 9A to 9C depict an alternative game to that shown in Figures 8A
to 8C, in which the subject races a car 138 around a circuit/race track
136. Again, the game requires subject interaction and participation, a
different image is simultaneously displayed to each eye and requires both

eyes to work together in order for the game to be played.

One eye is shown an image 130 (Figure 9A) showing the background
racetrack 136 and the right hand half 132 of the racing cars one of the
racing cars being under the subjects control. Simultaneously, the other
eye is shown a different image 135 (Figure 9B), again showing the
background racetrack 136 but this time the left hand half 133 of the
racing cars is depicted. When both eyes are working together, and the
images are accurately positioned, the subject perceives complete racing
cars 138, 139 on the race track 136, as depicted in Figure 9C. The
subject is then able to race their car, say 138, against the computer, or
another player. Again, this game requires user participation and is
designed to encourage both eyes to work together and to encourage

binocularity.
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Figures 10A to 10C depict an alternative use of the image projecting
device configured to allow the subject to watch a film, cartoons or the

television. Again, each eye simultaneously sees different images.

More specifically, the good eye will typically be shown a static image,
such as of television set 150 with a blank screen 149 (Figure 10B). The
lazy eye, on the other hand, will be shown a moving image 140 of a
television set 141 turned on, with moving images being located on the
static screen 144 (Figure 10A), such as, a film, cartoon or television
programme. When the images are correctly positioned for the subject,
the subject will perceive both screens accurately superimposed 156
(Figure 10C) and can watch the film. To ensure that the subject is using
both eyes other peripheral features may be included, the presence of
which (when a patient is questioned by a clinician), will confirm that both
eyes are being used. For example, image 140 includes parts of an aerial
145, the central component 148 of which is depicted in image 147. When
both eyes are used together and images 140 and 147 are superimposed a
complete aerial 154 is perceived. Alternatively, image 147, projected to
the good eye includes a block 152 the presence of which, while the film is
being watched confirms that the subject is using both eyes e.g. the block
can be coloured, for example red, and the patient could be asked “What
colour is the light on the television?”. If they do not know, they are not
using the equipment properly, and the clinician knows they have to
correct the way the subject is using the equipment and/or check it is
working properly. By having “checks” or “tell-tales” or controls in what
is observed the clinician can ensure that the subject is seeing what they

are supposed to see.

Figures 11A to 11C show an alternative test that can be carried out using

the ocular display apparatus of this invention, in which there is not
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necessarily movement in the displayed images. In this case, one eye is
shown an image of a clock 160 with only an hour hand 161 Figure 11A,
and the other eye is shown an image of the same clock 162 with a minute
hand 163 Figure 11B, when correctly aligned the subject perceives a
clock 165 with a minute hand 166 and an hour hand 167 Figure 11C, and
the subject can tell the time. This test can be used to measure fusion

ranges, that is the combined of convergence and divergence range.

Figures 12A to 12C show an alternative test that can be carried out using
the ocular/image display apparatus of this invention to study a subject’s
peripheral vision. The image of a rabbit 182 shown in Figure 12A is
shown to both eyes and is located in the centre of the subject’s visual
field. The images may have to be aligned to ensure that only one rabbit
is seen. Typically this object, in this case a rabbit 182, moves or changes
colour in order to retain the subjects attention. Additional objects, in this
example carrots 184, are then introduced into the image in the subjects
peripheral field of view, as illustrated in Figures 12B and 12C. The
images may be introduced in both or only one image, thereby testing one
or both eyes. The subject is asked to communicate when they see an
object in their peripheral vision, this may be verbally or electronically,
say by pressing a keypad. By analysing when a subject does and does not
see the additional objects a map of the subjects peripheral field of view

can be created.

The ocular/image display apparatus can be used to perform a number of

orthoptic assessment functions including:

Measurement of vision - for example using the latest logMAR acuity

charts;
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Measuring ‘crowding’ effect - for example using modified logMAR
acuity charts. Crowding causes reduced vision in some eye conditions,

resulting in the inability to discriminate closely packed letters;

Visual perception time — measure the speed at which an object is seen
(e.g. a letter of a certain size is seen). The letter (or object) could be
shown to one eye only, or different intensity letters could be shown to the

different eyes so that one is made to work harder than the other;

Measurement of squint in primary position (straight ahead) or ocular
misalignment - important if surgery is to be undertaken as it may help to

determine the amount of surgery required;

Measurement of squint in nine (or several) positions of gaze - to
understand squints in which the deviation is not the same in all positions
of gaze, currently this requires the use of the synoptophore or prism

cover tests which is very laborious;

Measurement of ocular torsion - in the primary position and other gaze
positions - torsion is measured in degrees and is a common symptom of

subjects with diplopia which has a torsional element (cyclotorsion);

Pictorial representation, or ‘mapping’, of eye movements - using a
modified Lees screen, for example: useful for subjects with complex eye

movement disorders;

Mapping area of binocular single vision - that is the area in which a
subject sees singular binocular vision, this is usually determined using a

Goldmann field analyser;
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Mapping out the limit of eye movements - particularly useful for

subjects with severely restricted ocular movement;

Measurement of density of suppression - reduced levels of suppression
can indicate that occlusion may cause intractable diplopia. Suppression is

currently measured with the Sbisa bar comprising coloured filters of

.increasing density;

Measurement of area of suppression - wusually done using a

‘synoptophore;

Measurement of abnormal head posture - some subjects control a
squint be moving their head, there is currently no easy way to measure
this, however a headset could be used to measure head posture in degrees
(e.g. the headset could have a gyroscope/other semsor, or it could be
imaged and the image of the user’s head plus headset/monitor device

analysed to determine head position;

Measurement of saccades (rapid eye movements) — both horizontal and
vertical saccades could be measured. Currently this is determined by
asking a subject to look between two pens held in their eye line at either
side of their head. We can project images and objectively measure eye

movement/speed, as compared with subjective assessments;

Post-operative diplopia test, including torsional squints— performed to
ascertain the risk of intractable diplopia following the correction of a
squint, the test in normally performed with prisms, however distortion

induced by larger prisms can introduce inaccuracies;

Measurement of binocularity and paediatric visual field;
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Presence of binocular single vision - determines how well the eyes work
together, and is indicative of a squint and the level of control thereof.
Potential binocularity can be determined in the angle of deviation is
corrected first. Peripheral binocularity can be determined, for example,

using Bagolini glasses in front of the eyepieces;

Measurement of fusion range - consists of determining the convergence
and divergence range and allows the maintenance of binocularity to be

determined;

Measurement of 3-D vision - can be determined by measuring stereo-

acuity using stereotests;

Measurement of distance stereopsis — determined as for 3-D vision

except the target is more distant;

Paediatric visual field assessment - when a person fixates straight ahead
the amount of vision to the side is known as the visual field. Visual field
defects can be indicative of problems with the visual pathway. Current
tests such as the Humphrey field analyser are too difficult for most
children and very time consuming testing a child’s concentration span.
Children are therefore generally tested using the confrontation method,
which detects only gross defects. The ocular display apparatus according

to the invention allows visual field to be simply and quickly plotted.

A protocol for studying visual fields in children, using the ocular/image
display apparatus, comprises locating a small central target of interest to
the child, such as a cartoon character, in the centre of the child’s field of

view. This figure could change or move to maintain interest. An eye-

.tracker (such as the ISCAN™) is set up to monitor the movement of one

eye only and to confirm that the child is indeed looking at the central
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fixation target. Another visually stimulating image is then randomly
presented in the periphery of the visual field. This target must be small
enough to be peripheral but prominent enough to be readily seen, say,
bright and high contrast. This appearance of the target is typically random
with regards to when and where it appears in the visual field, and the
central fixation target typically remains present throughout.  The
observer/computer records the appearance of a target image in the

peripheral field and the subject’s response thereto.

If the child sees the second target, in the periphery of the visual field, he
will reflexly look at it. The eye tracker will register the saccadic (fast
flick) eye movement of the .child to see the second target and the
computer/observer will register the target as seen, and record that part of

the visual field is intact.

A series of second targets are typically presented in all four quadrants of
the visual field. To ensure the test is short, simple and reliable a
minimum number of targets will be used. In this way a simple map can
be constructed of the child’s field of view showing areas where it is

intact, and areas where it is deficient.

In adults (or children), varying the intensity of the second targets to

determine thresholds of visual field defects could refine the test.

In addition, the ocular/image display apparatus can also be used to treat

visual condition, and to provide exercises, including:

Treatment of amblyopia - using exercises to encourage use of the lazy
eye at the same time as the good eye. These exercises may comprise
making the eyes look at different angles/positions on the display screen,

with the “bad” eye shown the object of attention either more
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intensely/clearly than the “good” eye, or to the exclusion of the good
eye, or such that only by wusing both eyes is the scene

visible/comprehensible at all;

Treatment of convergence insufficiency and reduced fusion - by using
programs to stimulate and exercise the muscles of the eye to increase the
ability of the eyes to work together to ‘fuse’ objects are different

distances where this ability is abnormally reduced;

Orthoptic exercises —~ the device can be used to perform exercises to

improve convergence, fusion, or duction eye movements. An inability to
converge can result in severe eye symptoms, and the ocular/image display
apparatus can be used to present a binocular stimulus to encourage visual
convergence. Conventional exercises are typically currently carried out
for 2 to 5 minutes three to six times a day, it is envisaged that 10-15
minutes use of the image projection device will be of equal value.
Duction exercises may also be undertaken, typically on subjects with
dysthyroid eye disease. Duction exercises require a subject to follow a
target from side to side or up and down depending on the direction of
gaze that needs to be exercised. Exercises for subjects with reduced

fusion and symptomatic eye strain/headaches could also be performed.

By way of example only, there follows the results of a study in which six
children with amblyopia used ocular/image display apparatus according to

the above described invention.

Six children under the age of eight were chosen for the study, all
displayed various forms of amblyopia. The study required the children to
attend the eye clinic regularly and to use the ocular display apparatus.
The apparatus used was based upon that depicted in Figures 3B and 3C,

configured such that a first image is displayed to one eye and a second,
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different, image is displayed to the other eye, wherein at least one image
contains an object that moves. In order to perceive the complete image

the children had to use both eyes.

Typically, the children would watch a film using the ocular display
apparatus, the film being shown to the weaker lazy eye, however certain
peripheral features in the image displayed to the good eye only were

required to be seen, thereby ensuring both eyes were being used.

In addition, the children played a PacMan™ type game and a racing car

game similar to those described in Figures 8A to 9C.

Each child made up to 12 visits to the clinic and used the ocular display
apparatus for up to 300minutes (5 hours) in total. After each visit the

childs vision was assessed using a standard LogMAR test.

The change in the visual acuity in the amblyopic eye of the children after
each visit was recorded and is presented graphically in Figure 13 (S1 to
S6 are the children studied). A decrease in the visual acuity reading
reflects an improvement in vision. The results demonstrate that five of
the six children studied showed an improvement in vision in the
amblyopic eye following use of the ocular display apparatus according to

the invention.

The change in overall vision of the children was also recorded after each
visit and is presented graphically in Figure 14. The graph plots number
of visits against the improvement in the number of letters of the LogMAR
chart that each child could see. Again, 5 of the children showed an
improvement in the number of letters they could see, in the best case an

improvement from 5 to 24 letters was seen over the course of the study.
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It can be seen from these results that marked improvements in the vision
of children with amblyopia can be seen after less then 300 minutes using
the ocular display apparatus of this invention. Conventional patching
techniques can require 400 or more hours of treatment for similar results

to be seen.

It may be helpful to review in more detail the known prior art.

In particular EP 0830839 discloses a device using a lenticular screen,
which would not work if the subject were amblyopic. The angle of
viewing a lenticular screen is also important in determining the location
of the images as perceived by the viewer. This is not so with
embodiments of the present invention. There is no discussion of using this
device to treat visual disorders, nor does it envisage user control of
movement as is required in the active game-playing mode of the subject

application.

GB 2 353 869 A discloses a digital synoptophore and performs only the
functions of a traditional synoptophore - no movement within the

presented images is envisaged.

US 4 756 305 (Mateik) discloses an eye training device configured to
display a different image to each eye, however the images displayed in
US 4 756 305 are not truly dynamic, they are static LCD images which
jump between alternative position - they are sultatory, rather than
dynamic. The images in US 4 756 305 are viewed via a prism which
introduces chromatic aberration and degrades the visual image, full colour
images are not possible. There is no clinician control or remote
monitoring in US 4 756 305. US 4 756 305 does not envisage a rapid
change of the image viewed and can only display one image type, that is,

you cannot readily change say between an eye test, a film and a game as
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allowed for in the subject application or to change the image content to
one eye. Use of the device of US 4 756 305 to treat, measure or correct

for a squint is not envisaged.

A non-limiting list of significant differences between the known prior art
and some embodiments of the present invention include:

- visual immersion - in some embodiments of the present invention the
subject has no significant peripheral view outside the displayed image so
is not distracted, and the whole visual field can be studied;

- dynamic movement - in some embodiments of the present invention the
whole visual field may move - what is moved, and to what extent, can be
varied dependent on the subjects conditions i.e. the degree of amblyopia,
also must be able to change the movement to ensure the subject is
cognitively engaged;

- images are displayed in full colour in some embodiments of the present
invention;

- images may be presented along the direction of any visual axis in some
embodiments of the present invention;

- some embodiments of the present invention allow for interactive
involvement of the user with the images, such as participation in a game;
- some embodiments of the present invention allow for operator
monitoring/control of the images displayed;

- some embodiments of the present invention allow for control of the
images, or parts of the images, which make up the peripheral and the
central vision; |

- some embodiments of the present invention allow for the ability to vary
the stimulus, i.e. what is moved;

- some embodiments of the present invention allow for egocentric (first
person) movement ~ so it appears that the subject (viewer) is actually

moving; and
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- the versatility of the device of some embodiments of the present
invention allows the user or operator to readily switch between test,

watch and game modes.
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CLAIMS

1. Ocular display apparatus having image presentation means adapted
to display a first image to one eye only of a subject, and a second,
different, image to the subject’s other eye only, the first and second
images being presented to the subject so that they perceive a composite
image, wherein at least one of the first or second images includes a

moving object.

2. Apparatus according to claim 1 in which the subject is visually

immersed in the displayed images.

3. Apparatus according to any preceding claim in which the images

are computer generated.

4. Apparatus according to any preceding claim adapted to produce
images which are perceived as two-dimensional, three-dimensional or

virtual reality.

5. Apparatus according to any preceding claim in which the image

presentation means includes one or more screens.

6. Apparatus according to any preceding claim in which the object

movement appears to the subject as smooth.

7. Apparatus according to any preceding claim in which object
movement is in the peripheral visual field, the central visual field or the

whole visual field,.

8. Apparatus according to any preceding claim in which the images .,

are displayed and viewed in full colour.
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9. Apparatus according to any preceding claim in which the images

are presented along the subjects visual axis.

10.  Apparatus according to any preceding claim in which said first
image includes only stationary objects and said second image includes at
least one moving object, and which has an object-control, adapted to

enable control of the movement of at least one of the moving objects.

11.  Apparatus according to any preceding claim in which said first
image includes at least one first moving object and said second image
includes at least one second moving object, and which has an
object-control adapted to enable control of the movement of at least one

of, or both of, the first and/or second moving objects.

12.  Apparatus according to claim 10 or claim 11 in which the object-
control is manipulatable by the subject and/or by an operator and/or by

software.

13.  Apparatus according to any preceding claim comprising an operator
display adapted to display to an operator the images, or representation of

the images, seen by the subject.

14.  Apparatus according to claim 13 adapted to display to an operator

an indication of the type or degree of eye disorder present in the subject.

15. Apparatus according to any preceding claim comprising image
manipulation means adapted to enable the first and second images to be
manipulated to present them so that a subject perceives the intended

composite image.
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16. Apparatus according to claim 15 comprising a manipulation
monitor adapted to provide information on the type and degree of
manipulation of the images required to enable the subject to perceive an

intended composite image.

17.  Apparatus according to any preceding claim adapted to present a
composite image that presents a game, or viewable performance, or

subject-interactive test to the subject.

18.  Apparatus according to claim 17 wherein a game requires the

subject’s interactive participation/interaction.

19. Apparatus according to claim 18 wherein the interaction is real-

time.

20. Apparatus according to any preceding claim adapted to measure

visual function.
21. Apparatus according to any preceding claim adapted to measure
visual function and to present a game, viewable performance or subject

interactive test to the subject.

22.  Apparatus according to claim 21 wherein the subject or an operator

can readily switch between test, watch or game modes.
23.  Apparatus according to any preceding claim which is portable.

24.  Apparatus according to any preceding claim comprising a device

which monitors eye movement.
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25.  Apparatus according to any preceding claim comprising apparatus

for exercising an eye, or eyes.

26. A method of measuring visual function comprising displaying a
first image to one eye only of a subject, and a second, different, image to
the subject’s other eye only, the first and second images being presented
to the subject so that they perceive a composite image, wherein at least

one of the first or second images includes a moving objeét.

27. A method of assessing ocular disorders comprising displaying a
first image to one eye only of a subject, and a second, different, image to
the subject’s other eye only, the first and second images being presented
to the subject so that they perceive a composite image, wherein at least

one of the first or second images includes a moving object.

28. A method of assessing peripheral visual field comprising displaying
a first image to one eye only of a subject, and a second, different, image
to the subject’s other eye only, the first and second images being
presented to the subject so that they perceive a composite image, wherein

at least one of the first or second images includes a moving object.

29. A data carrier carrying software, which when running on a
processor, causes the processor to control the display of a first image to
one eye only of a subject, and a second, different, image to the subject’s
other eye only, the first and second images being presented to the subject
so that they perceive a composite image, wherein at least one of the first

or second images includes a moving object.

30. A computer program product configured, for use with ocular

display apparatus, to control a computer comprising means for displaying
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a first image to one eye only of a subject, and a second, different, image
to the subject’s other eye only, the first and second images being
presented to the subject so that they perceive a composite image, wherein

at least one of the first or second images includes a moving object.
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