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TITLE: IMAGING APPARATUS, PORTABLE IMAGE CAPTURE DEVICE AND
METHOD OF ASSEMBLING COMPOSITE IMAGES FROM COMPONENT
IMAGES

Field of the Invention

This invention relates to imaging apparatus comprising a portable image capture device and
image processing means operable to assemble component images captured by the image
capture device into a composite image, to a portable image capture device, in particular a
device for capturing images of portions of a fundus of an eye, for use in such apparatus, and

to a method of assembling a composite image from component images.

Background to the Invention

Imaging apparatus comprising a portable image capture device operable to capture first and
second component images of respective first and second portions of an image subject, and
image processing means operable to assemble the first and second component images into a

composite image of at least a portion of the image subject, is known.

US Patent No. 6,454,410, for example, is concerned with a system for mosaicing images of
an eye, the system comprising a slitlamp biomicroscope to provide first and second adjacent
images of the eye, a camera coupled to the slitlamp biomicroscope to capture the first and
second images and a data processor coupled to the camera to process the images into a

mosaic representation of the eye.

In order to assemble the component images into the composite image, the image processing
means of such known imaging apparatus must carry out considerable image processing of
the component images to identify to what extent, if any, the component images overlap,
before overlapping the component images by any identified overlap to form the composite
image. If no overlap of the component images is identified, the image processing means

cannot assemble them into the composite image.

CONFIRMATION COPY
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Summary of the Invention

According to a first aspect of the invention there is provided imaging apparatus comprising a
portable image capture device operable to capture first and second component images of
respective first and second portions of an image subject, and image processing means
- operable to assemble the first and second component images into a composite image of at
least a portion of the image subject, wherein the imaging apparatus further comprises sensor
means operable to determine a displacement of the portable image capture device between
capture of the first and second component images and the image processing means is
operable to derive from an output of the sensor means an indication of offset of the first and
second portions of the image subject relative to one another or to a datum, and thereby to

assemble the first and second component images into the composite image.

In this specification “image subject” means a scene, an object or a portion of an object. The
offset of the first and second portions of the image subject relative to one another or to the
datum may be the vertical and/or horizontal displacement of the portions from each other or
the datum and/or the rotational orientation of the portions relative to each other or to the

datum.

Furthermore, for the purposes of this specification, the term “portable image capture device”
‘encompasses both hand held and head mounted devices, or devices supported by a user in

any other way.

The imaging apparatus of the invention can assemble component images of portions of an
image subject into wider field of view composite images of the image subjéct more quickly
than known imaging apparatus because the use of the output of the sensor means to derive
the indication of the offset of the image portions enables the amount of image processing

involved in aligning and registering the component images to be reduced.

Where the first and second images are images of discrete portions of the image subject, the
image processing means is preferably operable to shift (and, if necessary, rotate) one of the

images by the offset relative to the other image so as to juxtapose the first and second
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images, such that the composite image consists of two discrete portions of the image subject.

This would not be possible using the known imaging apparatus.

Where, on the other hand, the first and second images are images of overlapping portions of
the -image subject, the. image processing.means.is preferably operable to shift (and, if
necessary, rotate) one of the images by the offset relative to the other image so as to combine
the first and second images, such that the composite image consists of one continuous

portion of the image subject.

Preferably the portable image capture device is operable to capture at least one subsequent
component image of a subsequent portion of the image subject, the sensor means is operable
to determine a displacement of the portable image capture device between capture of the or
each subsequent component image and another component image, and the image processing
means is operable to derive from the output of the sensor means an indication of offset of the
or each subsequent portion of the image subject relative to another portion of the image

subject, and thereby to assemble the or each subsequent component image into the

composite image.

Where the imaging apparatus is so operable, the component images may include images of
discrete portions and of overlapping portions of the image subject, in which case the image
processing means is operable to assemble the composite image by juxtaposing and

combining the component images as appropriate.
Preferably, said another component image is the first component image.

The portable image capture device preferably includes a digital image sensor operable to
capture image data in the form of pixel values, such as a charge coupled device (CCD) or
complementary metal oxide semiconductor (CMOS) array, and digital memory means

operable to store the image data captured by the digital image sensor.

The portable image capture device may advantageously be provided with display means for

displaying an image in a field of view of the image capture device.
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The portable image capture device may advantageously further be provided with trigger
means operable to cause the image capture device to capture an image in the field of view of

the device.

A user of the imaging apparatus can use the display means to ensure that a portion of interest
of the image subject is in the field of view of the image capture device before operating the
trigger means to cause the image capture device to capture an image of the portion of

interest.

The trigger means may advantageously further be operable to cause the image capture device

to capture a succession of component images at known time intervals.

Although not essential for the operation of the imaging apparatus, in this way a user of the
imaging apparatus can move the image capture device relative to the image subject such that
each of the succession of component images is of a portion of the image subject that
overlaps another portion of the image subject, such that the resulting composite image is of

one continuous portion, or even the whole, of the image subject.

Preferably the image processing means is operable to create a composite image which

comprises a mosaic of said component images.

Although it is envisaged that the sensor means may be external to the image capture device,
for example comprising an array of proximity detectors which are mounted in fixed positions

in a room in which the device is to be used, the sensor means preferably forms part of the

image capture device.

Preferably the sensor means is responsive to changes in orientation of the image capture

device to produce an output from which said indication of offset is deriveable.

Preferably the sensor means comprises a velocity sensor operable to determine linear and/or

angular velocities of the image capture device.
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The velocity sensor is preferably one of a plurality of such sensors mounted at spaced apart
locations and/or differing orientations on the image capture device to enable changes in

orientation of the latter to be determined.

The plurality of velocity sensors are preferably arranged so-as.to enable angular velocities of
the image capture device to be measured about any of three mutually orthogonal axes that

pass through the device.

The image capture device may advantageously include an automatic focussing system to
enable focussed images to be obtained at any distance in a range of possible distances from

the image capture device to the image subject.

The image capture device is preferably operable, at the same time as capturing the second or
any subsequent component image, to store displacement data representative of the
displacement of the image capture device between capture of that component image and the

first component image.

The image processing means can then use the displacement data associated with each
component image to assemble the composite image from the component images. Where the
component images are of overlapping portions of the image subject, the indication of offset
of the portions of the image subject derived from the displacement data can be used by the
image processing means to accelerate the 6peration of identifying the overlap of the portions

of the image subject.

Where the component images are of discrete portions of the image subject, the indication of
offset of the portions of the image subject derived from the displacement data can be used by
the image processing means to bypass the operation of attempting to identify the (non-

existent) overlap of the image subject.

Where the image capture device includes trigger means, the trigger means may
advantageously further be operable to cause the image capture device to capture a succession

of component images in response to predetermined displacements of the image capture
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device from an initial position and/or orientation of the device in which the trigger means

was first operated.

This feature means that a user of the imaging apparatus need not concern himself that the
succession of component images captured by the image-capture device are of overlapping
portions of the image subject, because the predetermined displacements of the image capture
device from the initial position and/or orientation can be chosen to ensure that the succession

of component images are of overlapping portions of the image subject.

The image capture device is preferably operable, at the same time as capturing a component
image, to store velocity data representative of the rate of change of the displacement of the

image capture device at the time of capturing the component image.

In this way the image capture device and/or image processing means can discard any
component image that was captured when the device was moving at a velocity greater than a
predetermined rate of change of displacement, because the image may be blurred or the
displacement data inaccurate due to the movement experienced by the sensor lying out of its

range of operation.

The image capture device and/or image processing means may advantageously be operable
to divide a component image into a plurality of individual regions, to compare pixel values
in neighbouring regions, thereby to identify individual regions of the component image that

are unsuitable for assembly into the composite image, and to discard the identified individual

regions.

Individual regions of the component image might be unsuitable for use because, for
example, they are too dark or too bright, and correspond to portions of the image subject that

are under- and over-illuminated, respectively.

This also enables the identification and elimination of pixel values that are erroneously at a

maximum value, known as “hot pixels”.
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Preferably the image capture device and/or image processing means is/are operable to
compare colours represented by pixel values in neighbouring regions, thereby to identify the

individual regions that are unsuitable for assembly into the composite image.

Where the imaging apparatus is to be used for capturing.images of a particular type of image
subject, the image capture device is preferably operable to compare colours represented by
pixél values in individual regions with a range of colours that are expected to be encountered
in images of the particular type of image subject, thereby to identify the individual regions

that are unsuitable for assembly into the composite image.

For example, in a preferred embodiment of the invention the image capture device is an
instrument for use in ophthalmology and is operable to compare colours represented by pixel
values in individual regions with a range of colours that are expected to be encountered in

images of the fundus of an eye.

Preferably the image capture device and/or image processing means is further operable to
determine whether an individual region identified as unsuitable for assembly into the
composite image is greater in area than a threshold area, and to discard the identified

individual region only if it is determined to be greater in area than the threshold area.

In this way the imaging apparatus can distinguish to some extent between regions of the
component image that are too dark or too bright because of incorrect illumination of the
image subject, and regions of the component image that correspond to features of the image
subject that are, for example, more reflective than their surroundings, and therefore properly
appear as a bright region in the component image. It is undesirable to discard such regions

from the component images.

In the preferred embodiment of the invention, many of the component images of portions of
the fundus of an eye captured by the image capture device include a large bright reflection
caused by the cornea of the eye. The imaging apparatus is thus operable to discard regions
of the captured images corresponding to such corneal reflections, whilst retaining small

bright or dark regions corresponding to features of the eye such as blood vessels.
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Where the image capture device and/or image processing means is operable to discard
regions of component images, the image processing means can nevertheless align and
register the remaining regions of the component images to form the composite image, using

the displacement data associated with the component images.

Moreover, where the component images are similar to one another, but not overlapping,
incorrect overlapping of the component images in the composite image can be prevented,
because the displacement data associated with component images will indicate that they

cannot overlap.

It will be appreciated that portions of the image subject which are omitted from one
component image may nevertheless appear in another component image, so that the portions

in question may still appear in the composite image.

The image processing means may advantageously further be operable to identify whether a
user’s movements of the image capture device follow a pattern, and if such a pattern is
identified, to use the pattern to predict the approximate displacement of the image capture
device from an initial position and/or orientation on the basis of previous displacements of

the image capture device from the initial position and/or orientation.

The image processing means may advantageously be operable to use common features in
component images to position and orientate the component images relative to one another,
for example by correlation, in which case the ability to predict the approximate displacement
of the image capture device, and hence the approximate offset of one portion of the image
subject relative another portion of the image subject, considerably reduces the amount of
processing that must be carried out by the image processing means, because the image
processing means can process those cofnponent images, or even those portions of a

component image, that are most likely to have features in common with a particular

component image.
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The image capture device is preferably provided with illumination means operable to
illuminate the image subject or a portion of the image subject of which an image is to be

captured by the image capture device.

~The illumination means may advantageously comprise an incandescent filament bulb and/or_

one or more light-emitting diodes (LEDs).

Preferably, at least part of the image processing means is separate from the image capture
device. Consequently, the need for the image capture device to be portable does not place

any constraint on the size or weight of the image processing means.

This enables the portable image capture device to be smaller and lighter than it would
otherwise be, because at least part of the image processing means does not form a part of the

portable image capture device.

Preferably the image capture device includes a rechargeable battery and wireless
transmission means operable to transmit image data and displacement data to the image

processing means.

Where the image. capture device includes a rechargeable battery the sensor means may
advantageously be operable, if no movement of the device has occurred in a predetermined

time, to cause the device to enter a low power consumption mode.

The absence of any movement of the device during a prolonged period, for example one
minute, is indicative that the device is not being used and has been laid down without being
turned off. The low power consumption mode would typically involve turning off any

illumination means, image capture and wireless transmission means of the device.

Where the image capture device includes a rechargeable battery and wireless transmission
means, the apparatus may advantageously further comprise a charging cradle that has an
electrical connection for connection to the image capture device to recharge the battery of

the image capture device.
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The cradle may advantageously include a further electrical connection for connection to the

image capture device to transfer data between the image capture device and the cradle.

Preferably the cradle includes wireless reception means operable to receive image data from

the image capture device.

Typically the cradle would be connected to the image processing means by a cable for
transmission of image data received from the image capture device to the image processing

means.

Preferably, the image capture device includes calibration means for calibrating the sensor
means of the image capture device when the latter is placed in the cradle. Since the device is
stationary when in the cradle, placing the image capture device in the cradle ensures the
device is in a position in which no significant velocity should be detected thus facilitating

calibration.

Preferably, the image capture device includes preliminary image processing means for
identifying images which, on the basis of the associated velocity data, will be blurred,
determining the autofocus and displacement data for each component image, linking
autofocus and displacement data to their respective component images, and discarding
individual regions of component images identified as being unsuitable for assembly into the

composite image, prior to said data being supplied to the image processing means.

Preferably the image capture device is an instrument for use in ophthalmology, for example

a direct ophthalmoscope. The image capture device is preferably a handheld device.

Where the image capture device is such an instrument the imaging apparatus preferably
includes analysing means for comparing the autofocus measurements obtained during the
inspection of the retina of the eye with a set of expected data for an eye to determine whether
the eye has any defects associated with an unusual variation of the distance of the retina from

the cornea (e.g. a detached retina).
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The image capture device preferably includes a user interface that allows a user of the device
to transmit “yes” and “no” responses to prompts transmitted to the device by the image

processing means.

Such- prompts might, for example, be questions whether the user wishes to capture further

component images or whether a composite image should be stored.

According to a second aspect of the invention there is provided a portable image capture

device for imaging apparatus in accordance with the first aspect of the invention.

According to a third aspect of the invention there is provided a method of assembling a
composite image from component images, the method comprising the steps of capturing first
and second component images of respective first and second portions of an image subject
using imaging apparatus including a portable image capture device comprising sensor means
operable to determine a displacement of the portable image capture device between capture
of the first and second component images, deriving from an output of the sensor means an
offset of the first and second portions of the image subject relative to one another or to a
datum, and assembling the first and second component images into the composite image

using the offset of the first and second portions of the image subject.

Brief Description of the Drawings

The invention will now be described, by way of example only, with reference to the

accompanying drawings, in which:

Figure 1 is a schematic diagram of imaging apparatus in accordance with the first aspect of

the invention;

Figure 2 is a schematic diagram of a handheld direct ophthalmoscope of the imaging

apparatus of Figure 1;

Figure 3 is a functional block diagram of the ophthalmoscope of Figures 1 and 2;
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Figure 4 is a functional block diagram of the personal computer of Figure 1;
Figure 5 is a functional block diagram of the cradle of Figure 1;

Figure 6 is a representation of the velocity sensors of the-ophthalmoscope of Figures 1 and 2
and the three mutually orthogonal axes about which the velocity sensors are operable to

measure rotational velocity of the ophthalmoscope;

Figure 7 is a flow chart of the sequence of operations carried out by the ophthalmoscope

when capturing component images;

Figures 8a and 8b are representations of an image of a portion of the fundus of an eye before
and after, respectively, discarding individual regions of the image that are unsuitable for

assembly into a composite image; and

Figure 9 is a representation of a composite image of a portion of a fundus of an eye

assembled by the method of the third aspect of the invention.

Detailed Description of an Embodiment

The imaging apparatus of Figure 1 comprises an image capture device in the form of a
portable handheld, battery powered direct ophthalmoscope 100, image processing means in
the form of a programmed personal computer 200 and a cradle 300 in which the
ophthalmoscope 100 can be placed to recharge a rechargeable battery of the

ophthalmoscope. The components of the ophthalmoscope 100 are described in detail with

reference to Figure 2.

The programmed personal computer 200 is of standard configuration and includes a
processor 210, a monitor 212 and memory 214. The memory 214 includes both volatile
memory and non-volatile memory in the form of a hard drive. The volatile memory is used
for execution of an image processing program and the hard drive is used to store the image

processing program and image data generated by execution of the image processing
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program. The components of the processor 210 and memory 214 are described in detail with

reference to Figure 4.
The components of the cradle 300 are described in detail with reference to Figure 5.

Turning to Figure 2, the ophthalmoscope 100 comprises a housing 110 containing a
beamsplitter 112, a corrective lens system 114, an illumination mirror 116, an
aperture/graticule/colour filter assembly 118, an illumination lens 120, an illumination point
source 122, an autofocus system 124, a CCD array lens 126, a CCD contrast enhancement
filter 128, a CCD array 130, an orientation sensing system 132, a microprocessor 134, an
encoder 136, a wireless transmitter 138 and a rechargeable battery 140. The exterior of the
housing 110 is provided with a user interface denoted generally by reference numeral 142, a

set of battery charging contacts 144 and a set of data transfer contacts 146.

The housing 110 is adapted to prevent light from entering inappropriate areas of the interior
of the ophthalmoscope and has an internal surface of a suitable colour and texture to limit
unwanted reflections. The housing 110 comprises a handle portion 148 which is topped by
an elongate body portion 150 that extends substantially horizontally with the
ophthalmoscope in its normally intended attitude of use. In use, the ophthalmoscope is
positioned with the front end of the body portion 150 facing the eye to be examined (denoted
by reference numeral 152 in Figure 2). An image of that eye can be directly viewed by the

user (whose eye has been denoted by the reference numeral 154).

The body portion 150 of the housing contains a set of illumination optics, constituted by the
illumination point source 122, aperture/graticule/colour filter assembly 118, illumination
lens 120 and illumination mirror 116 for projecting a beam 156 of illuminating light into the
eye 152. The body portion 150 of the housing also contains a set of viewing optics,
constituted by the corrective lens system 114 and beam splitter 112 through which an image
of the eye 152 can be viewed. The illumination and imaging optics are, in essence, identical
with the illumination and imaging optics of known designs of direct ophthalmoscope, such

as Keeler Limited of the United Kingdom’s “Professional” ophthalmoscope.
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The illumination point source 122 takes the form of an incandescent bulb connected to an on
board power supply for supplying a variable voltage to the incandescent bulb in order to vary
the intensity of white light emitted by the latter. Situated above the source 122 is the
illumination lens 120 which causes light from the source 122 to illuminate uniformly a
variable aperture in the aperture/graticule/colour filter assembly.118. The assembly 118 has
been shown in a simplified form, but does include a wheel that, as with known direct
ophthalmoscopes, provides a blue or green filter to give a “red-free” illumination for contrast
enhancement and graticules to provide for a “target” image within the light beam and
differently sized apertures to produce different diameters of light beams. This wheel is
rotatably mounted in the handle. The wheel can be rotated by means of a control forming
part of the user interface denoted generally by reference numeral 142 to bring any selected
one of the apertures or colour filters into registry with the illumination lens 120 so as to

provide control of the size of the spot of illuminating light projected into the eye 152.

The illumination mirror 116 of the illumination optics is mounted in the body portion 150 of
the housing in a position spaced from the viewing axis 158 of the viewing optics. Light
from the illumination source 122 is reflected off the illumination mirror 116 in the direction

of the eye 152 to be examined, with the path 156 of the light slightly angled towards the

viewing axis 158.

The corrective lens system 114 consists of an array of corrective lenses arranged in a circular
pattern and hence referred to as a “lenswheel”, for compensating for the combined refractive

error of the eye 154 of the user and eye 152 to be examined in a manner familiar from

known ophthalmoscopes.

The beamsplitter 112 comprises a partially silvered mirror, which allows a portion of the
light reflected through the corrective lens system along the viewing axis 158 from the eye
152 to be examined to reach the eye 154 of the user, thereby allowing the eye 154 of the user
to view an image of the retina of the eye 152 to be examined, whilst also reflecting an image
of the retina of the eye 152 along an image capture axis 160 and into the CCD array 130 via

the autofocus system 124, CCD array lens 126 and CCD contrast enhancement filter 128.
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The autofocus system 124 focuses the image of the retina of the eye 152 onto the CCD array
130 and is needed to compensate for the change in focal length of the eye 152 experienced
depending on the viewing angle into the eye 152. This change in focal length would
normally be compensated for by the eye 154 of the user or by using a different corrective
lens from the lenswheel. The autofocus system is provided for this function. The autofocus
system 124 makes use of a known frequency detection technique whereby the sharper the
edges in an image are, the more in-focus an image is. The autofocus system uses known
electromechanical means to carry out a “dithering” (i.e. small displacement, high frequency,
rapidly oscillating) movement in addition to its corrective repositioning. The “dithering”
motion is used in conjunction with frequency detection feedback to determine which
direction the autofocus system should move (i.e. whether it is moving in or out of focus as it
oscillates back and forth). Once the correct direction has been determined during the
“dithering” motion, it will move rapidly to a point that provides for an in-focus image, again
in conjunction with frequency detection feedback. The frequency detection process is

carried out by the microprocessor 134.

A sensor (not shown) is used to determine the rotary position of the lenswheel in order to
determine which corrective lens is engaged at any one time. This information is used by the
autofocus system so that any movement of the lenswheel causes a corresponding adjustment

by the autofocus system.

The CCD array 130 is operable to capture a succession of images of at least part of the retina
of the eye 152 to be examined. The CCD array is covered by the contrast enhancement filter
128, whose spectral characteristics alter the spectral profile of the light striking the surface of
the CCD array in such a way that certain wavelength ranges are reduced in intensity in order
to improve image contrast. One effect of the filter 128 that improves the contrast of an
image is the reduction in scattered light within a particular wavelength range reflected from
the retina. Another effect is the removal of longer-wave infrared light, which may otherwise
cause blurred images by penetrating into the material of the CCD array to such an extent that

the light crosses pixel boundaries.
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The orientation sensing system 132 comprises an array of velocity sensors, which are
described in detail in relation to Figure 6 and are sensitive to changes in orientation of the
ophthalmoscope in the form of rotations about any of three mutually perpendicular axes.
The output of the orientation sensing system 132 is therefore representative of changes in
- orientation of the ophthalmoscope. -This output .is. sent-to the microprocessor 134 and
combined with the image data captured following any such changes in orientation of the
ophthalmoscope. This combined data is supplied to the encoder 136 and wireless transmitter
138 of the ophthalmoscope, which transmits the encoded combined data to the cradle 300 via

a wireless link (denoted in Figure 1 by reference numeral 162).

The aperture/graticule/colour filter assembly 118 is, as with known designs of direct
ophthalmoscope, operable to project a graticule onto the retina of the eye 152 to be

examined.

Turning to Figure 3, this shows the electrical and electronic subsystems “of the
ophthalmoscope 100, which are an optical subsystem 164, an illumination subsystem 166, a
communication subsystem 168, an imaging subsystem 170 and a power supply subsystem
172. The optical subsystem 164 comprises the aperture/graticule/colour filter assembly
(denoted by reference numeral 118 in Figure 2), which is made up of selectable apertures
118a, selectable graticules 118b and red-free colour filter 118c, together with corrective lens
system 114, beamsplitter 112, autofocus system 124 and CCD array lens 126. The
illumination subsystem 166 comprises the illumination point source 122 and illumination
controller 142a, which controls the brightness of the point source 122. The communication
subsystem 168 comprises the wireless transmitter 138 and data transfer contacts 146,
together with a buffer memory 174 and a data port 176 adapted to receive a removable
memory card 178. The imaging subsystem 170 comprises the image capture trigger 142b,
CCD array 130, CCD contrast enhancement filter 128 and microprocessor 134, which is
operable to carry out image pre-processing on captured images. The power supply

subsystem 172 comprises the charging contacts 144, rechargeable battery 140 and a sleep

mode controller 180.
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The power supply subsystem 172 supplies power to the subsystems 164, 166, 168 and 170.
The charging contacts 144 make electrical contact with corresponding contacts (denoted by
reference numeral 344 in Figure 5) on the cradle 300 and thus enable the re-chargeable
battery 140 to be re-charged. The power supply subsystem 172 supplies power to the
illumination source 122 through the illumination controller 142a, which is controlled via the..
user interface 142 of the ophthalmoscope and varies the amount of power supplied to the

illumination source 122 (and hence the brightness of the latter).

The sleep mode controller 180 is connected to the output of the orientation sensing system
132. The sleep mode controller monitors the output of the orientation sensing system 132
and, if the ophthalmoscope has been stationary for more than a predetermined period of time,
switches the ophthalmoscope to a power saving mode by deactivating the supply of power to

the illumination source 122, imaging subsystem 170 and the communication subsystem 168.

The image capture trigger 142b of the imaging subsystem 170 is operable by the user to
cause the microprocessor 134 to begin combining image data from the CCD array 130 with
orientation data from the orientation sensing system 132. The image data captured by the
CCD array 130 is processed by the microprocessor 134 before being combined with the
orientation data to identify captured images that are unsuitable for assembly into a composite

image. Such unsuitable images are discarded.

Tt should be noted, however, that the computer 200 could perform the same pre-processing
(as well as the remaining image processing/construction involved in preparing the composite
image or images) since the computer 200 can receive image and orientation data directly
from the ophthalmoscope by means of the memory card 178. Use of the memory card to
transfer image and orientation data directly to the computer 200 is described in greater detail
below. Similarly, a microprocessor located in the cradle 300 could perform the pre-

processing of the image data instead of the microprocessor 134 of the ophthalmoscope.

The sleep mode controller 180 deactivates the ophthalmoscope if the latter is not moved for
a period of at least one minute. This period is adjustable via the user interface 142 of the

ophthalmoscope. As soon as the ophthalmoscope is moved again, for example by being
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picked up, this movement is detected by the orientation sensing system 132 and power is

supplied as normal to all subsystems of the ophthalmoscope.

Figure 3 also illustrates at 182 an option of feedback control of the illumination source 122
by the imaging subsystem 170. The imaging subsystem 170 can increase or -decrease the
illumination provided by the illumination source 122 dependent upon whether the images
captured by the CCD array 130 are under exposed or over exposed, whilst differentiating
between areas of interest in the images and the saturated areas typical of, for example, a

glare spot due to corneal reflection.

The memory card 178 provides removable storage of image data captured by the CCD array
130, and also provides an extended buffer memory in the event of the ophthalmoscope being
unable to transmit data to the cradle 300, for example because the ophthalmoscope has been
used in an environment where RF noise interrupts the wireless link 162 with the cradle, or
where the ophthalmoscope is used at a greater distance from the cradle than the range of the

wireless transmitter 138.

The memory card 178 can be removed from the ophthalmoscope and connected to a card
reader 216 connected to the computer 200 to transfer data from the ophthalmoscope to the

computer if, for any reason, wireless transmission of data is not possible.

In use, light 156 from the illumination source 122 passes through the variable
aperture/graticule/colour filter assembly 118 and the illumination lens 120 and is reflected
by the mirror 116 into the eye 152 to be examined. Light reflected from the eye 152 passes
through the corrective lens system 114 to the beamsplitter 112, which directs a portion 158
of the light reflected from the eye 152 to the eye 154 of the user, and the remainder 160 of
the light to the CCD array 130 via the autofocus system 124 and CCD contrast enhancement

filter 128.

Operation of the trigger 142b is sensed by the microprocessor 134, which begins to store
image data captured by the CCD array and encoding associated orientation data into each

image. This combined image and orientation data is transmitted to the encoder 136. The
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image data is representative of a portion of the eye 152 to be examined at which the
ophthalmoscope is pointed when the trigger 142b is operated, and the orientation data is
representative of a displacement of the ophthalmoscope from an initial orientation when the

trigger 142b is first operated.

Turning to Figure 4, the computer 200 includes a cradle link subsystem 218, an image
processing subsystem 220 and a user interface subsystem 222. The cradle link subsystem
218 includes a cable port 224 and a buffer memory 226. The image processing subsystem
220 includes relative positioning 228, correlation 230, blending 232 and global registration
236 software components. The user interface subsystem 222 includes feedback 238, patient
records 240, parameter setting 242, correlation 244, image viewing 246 and system

diagnostics 248 software components.

The cable port 224 of the cradle link subsystem 218 is connected to a cable port 324 of a
computer link subsystem 318 of the cradle 300 by a cable. The computer 200 further
includes a temporary memory 250 via which data is transmitted from the cradle link
subsystem 218 to the image processing subsystem 220, and quasi-permanent image storage
252 and permanent image storage 254. Data transmitted to the computer 200 via the cradle
link subsystem 218 is held in the temporary memory 250. The buffer memory 226 of the
cradle link subsystem 218 provides for when there are delays in the image processing and/or
user interface subsystem accepting data from the cradle link subsystem. The image
processing subsystem carries out the image processing operations of relative positioning i.e.
positioning of individual component images relative to one another, correlation i.e.
comparison of component images based on the offset of the images derived from the
displacement data to determine an exact offset of the images relative to one another,
blending i.e. manipulation of the overlapping regions of component images to give the
appearance of a single continuous image, and global registration i.e. positioning of the
composite image relative to a datum, for example so that when the composite image is
displayed, the top of the image corresponds to the top of the imaged portion of the retina of
the eye 152. Completed composite images are stored in the permanent image storage 254,
The memory card reader 216 enables image and orientation data to be transferred directly

from the ophthalmoscope 100 to the computer 200 rather than via the cradle 300.
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The image processing subsystem 220 is further operable, if the orientation data associated
with an image indicate that it overlaps a previously received image and correlation of the
images does not identify the overlap, to correlate scaled up and scaled down versions of the
image with the previously received image so as to identify whether the magnification of the
image is different from that of the previously received image. Such_a change of
magnification can occur as a result of movement of the ophthalmoscope relative to the

cornea of the eye 152, because of the curved shape of the cornea.

If correlation of the scaled version of the image with the previously received image identifies

the overlap, the scaled version of the image is assembled into the composite image.

This process of scaling up or scaling down an image is likely to be necessary where the
corrective lens system 114 of the ophthalmoscope is altered and at the start of a sequence of
captured images, because the distance from the ophthalmoscope to the retina is likely to
change slightly between capture of a first sequence of component images and a subsequent

sequence of component images.

The image processing system 220 is still further operable to warp the composite images that
are assembled to counteract the curvature of the retina and enable the retina to be rendered

accurately as a flat surface on the monitor 212 of the computer.

The field of view of the ophthalmoscope is relatively narrow, such that the degree of

warping required for a particular image is relatively constant across the image.

The warping is carried out by applying differing amounts of warping to overlapping images
and correlating the warped images to identify the amount of warping for each image that
gives the best correlation with its neighbouring images. This gives the most accurate

rendition of the retina as a flat surface.

The user interface subsystem 222 enables the user to receive information from the computer.
Such information might for example include a warning generated by the computer in

response to determination that the autofocus settings generated by the autofocus system of
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the ophthalmoscope do not fall within a range of expected settings for a healthy eye, so as to
alert the user to the possibility of a detached retina in the eye 152. The user interface
subsystem also enables the user to view completed composite images, alter system settings
such as the number of times an image is captured of any given portion of the retina of the
eye 152 i.e. the extent to-which oversampling takes place, and to communicate with external
systems such as a patient record database. The patient records software component 240
enables the user interface subsystem to organise patient records and to store composite
images of eyes as part of such patient records. The system diagnostics software component
248 enables the user interface subsystem to carry out a diagnostic procedure to determine
whether the ophthalmoscope is functioning correctly, and to alert the user if a fault is

detected.

Turning to Figure 5, the cradle 300 comprises a support surface 310, which is of
complementary shape to the base of the handle portion 148 of the housing 110 of the
ophthalmoscope, and has charging contacts 344 for engagement with the charging contacts
144 of the ophthalmoscope, such that the rechargeable battery 140 of the ophthalmoscope is
recharged when the ophthalmoscope is placed in the cradle, and data transfer contacts 346
for engagement with the data transfer contacts i46 of the ophthalmoscope such that data can

be transmitted between the cradle 300 and the ophthalmoscope 100.

The cradle 300 further comprises a wireless link subsystem 312, a microprocessor 314, a
display subsystem 316, the computer link subsystem 318 and a power supply subsystem 320.
The wireless link subsystem 312 includes a buffer memory 322, a radio frequency
transceiver 326 and a decoder 328, the radio frequency transceiver 326 being adapted to
receive encoded image and orientation data from the transmitter 138 of the ophthalmoscope,
and the decoder 328 being adapted to decode the image and orientation data. The transceiver
326 of the cradle also enables additional data and commands (for example diagnostic data
and image storage commands) to be transmitted between the ophthalmoscope and the cradle.

The buffer memory 322 provides an initial store for data received from the ophthalmoscope.

The microprocessor 314 is operable to control the subsystems of the cradle and, if necessary,

to carry out pre-processing of the image data, such as discarding images that are blurred
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because the ophthalmoscope was moving too fast as the image was captured. The display
subsystem 316 includes a display screen 330 that can display information such as whether
the cradle is charging the battery of the ophthalmoscope, whether the ophthalmoscope is
within wireless transmission range of the cradle, and whether transmission of data between

the cradle and the ophthalmoscope is in progress.

The computer link subsystem 318 includes the cable port 324 and buffer memory 332. The
computer link subsystem 318 is connected to the cable port 224 of the cradle link subsystem

218 of the computer 200 by a cable.

The power supply subsystem 320 comprises a mains supply inlet 334 for connection to
mains supply outlet 340, a transformer 336 and a battery charging controller 338. A rectifier
(not shown) is used in conventional fashion to provide DC power to the other subsystems of

the cradle and to the rechargeable battery 140 of the ophthalmoscope 100.

Image data and orientation data received by the transceiver 326 of the cradle are transmitted

via the cable port 324 by a cable to the cable port 224 of the computer 200.

When two component images have been received by the computer, they are aligned with
respect to their relative position data, which is obtained from the orientation data supplied
with the image data. Correlation algorithms are then used to search for the exact match
within the overlapping portions of the two images. Subsequent images are similarly aligned
until the matching fails due to, for example, large eye movements or blinking of the eye 152.
The composite image is saved within either the hard drive or volatile memory and a new
composite image is started. This continues until the trigger 142b of the ophthalmoscope is
released and a signal is sent via the cradle to the computer to begin final image processing.
In a similar manner to the component images, such composite images are themselves
registered so as to form a single large composite image. Algorithms using, for example,
averaging routines, are used to blend the overlaid images together such that boundaries

between individual component images are eliminated or at least reduced in visual impact.
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When the user has finished a first image capture session, by looking at the computer monitor
212 he can quickly see from the composite image which portions of the eye 152 have not yet
been incorporated into the composite image, and move the ophthalmoscope as required to
bring those portions into the field of view of the ophthalmoscope. When those portions of
the eye 152 are in the field of view of the ophthalmoscope, as seen by the eye 154 of the user .
through the ophthalmoscope, the user operates the trigger 142b, the ophthalmoscope
transmits the combined image and displacement data to the cradle 300 and the computer 200
incorporates the new composite image of the missing portion of the eye into the composite

image displayed on the monitor 212.

Turning to Figure 6, the orientation sensing system 132 comprises first, second and third
angular rotation sensors 132a, 132b and 132c respectively. The angular rotation sensors are
ADXRS150 micro-machined gyroscopes made by Analog Devices of the United States of
America. Each sensor is operable to measure rotation about an axis that passes through the
sensor. The sensors 132a, 132b and 132c¢ are arranged such that the axis about which each

measures rotation is perpendicular to the axes of the other two sensors.

The first sensor 132a is arranged such that when the ophthalmoscope 100 is in its attitude of
normal use, i.e. substantially upright, the axis 190 about which the sensor measures rotation
is a horizontal line parallel to a line connecting the eyes 152 and 154. The second sensor
132b is arranged such that the axis 192 about which the sensor measures rotation is another
horizontal line perpendicular to the axis 190. The third sensor 132¢ is arranged such that the
axis 194 about which the sensor measures rotation is a vertical line perpendicular to the axes
190 and 192. For clarity of explanation, the axis 190 will be referred to as the roll axis, the

axis 192 will be referred to as the pitch axis, and the axis 194 will be referred to as the yaw

axis.

In order to calculate angular position about one of the axes, the output signal of the relevant
sensor, for example first sensor 132a for the roll axis, which is related to angular velocity of

the sensor about the axis, is integrated with respect to time from a starting point.
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The starting point is the vertical position of the ophthalmoscope when it is placed in the
cradle 300 in the correct manner. If it is assumed that in this position the ophthalmoscope is
vertical, then the yaw axis can be assumed to be vertical, from which it follows that the pitch

and roll axes are horizontal.

Although it is the displacement of the ophthalmoscope between capture of a first image and
subsequent images that is used to align and register the subsequent images relative to the
first image to form the composite image, it is useful to measure the displacement of the
ophthalmoscope relative to the starting point because this enables the computer to align and
register one such composite image with another composite image, and enables the computer
to ensure that the top of the composite image corresponds to the uppermost portion of the

eye 152.

The direction in which the ophthalmoscope is facing can be considered to be a vector
combination of the roll, pitch and yaw axes, with the vector projecting in varying amounts

along each axis depending on the direction in which the ophthalmoscope is facing.

Using trigonometric methods, the angular position around any of the three axes can be used
to describe how far along the two other axes the vector combination projects. For a given
amount of rotation about a particular axis, it is possible to calculate using trigonometric
methods, how far along the other two axes the vector projects. Assuming that the
ophthalmoscope has been calibrated such that the yaw axis is vertical, the values of
components resolved along the axes of the projecting vector are used to obtain the indication

of the offset of the portions of the image subject in the following manner.

For rotation of the ophthalmoscope about the pitch axis, the view of the retina of the eye 152
would appear to move up or down to a user of the ophthalmoscope and the value of the

vector component along the yaw axis would be used to obtain the indication of the offset.

For rotation of the ophthalmoscope about the yaw axis, the view of the retina of the eye 152
would appear to move left or right to the user of the ophthalmoscope and the value of the

yector component along the pitch axis would be used to obtain the indication of the offset.
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For rotation of the ophthalmoscope about the roll axis, the view of the retina of the eye 152
would appear to rotate clockwise or anticlockwise to the user of the ophthalmoscope and the
measured rotation of the ophthalmoscope about the roll axis would be used to obtain the

indication of the offset using trigonometry.

The voltage output of each sensor is converted to an angular velocity and the change in
orientation over a particular period of time is calculated by integration. The integration
process is accomplished by sampling the voltage output of each sensor at 1ms intervals and
summing the sampled voltage outputs to obtain the angular displacement of the
ophthalmoscope from an initial orientation every lms. The angular displacement of the
ophthalmoscope from the initial orientation is stored for the particular 1ms interval during

which a component image is captured.

The change in angular position of the ophthalmoscope about the roll axis corresponds to the
difference in angular orientation of a later composite image relative to a composite image
captured with the ophthalmoscope in the initial orientation. It is a simple matter to rotate the
later composite image relative to the first composite image to remove the difference in
orientation. The change in angular position of the ophthalmoscope about the pitch and yaw
axes corresponds to the difference in horizontal and vertical position of the later component
image relative to the component image captured with the ophthalmoscope in the initial -
orientation. The angle of rotation of the ophthalmoscope about each of the pitch and yaw
axes is converted to a number of pixels by which the later component image is to be
displaced vertically and/or horizontally relative to the first component image. The CCD
array 130 of the ophthalmoscope comprises 640 pixels by 480 pixels and has a field of view
of 8 degrees. Each degree of rotation of the ophthalmoscope about the yaw axis therefore

corresponds to a horizontal displacement of the later component image relative to the first

component image of 80 pixels.

It will be appreciated that when the ophthalmoscope is used to capture component images of
the retina of an eye, the images must be captured through the pupil of the eye. The
ophthalmoscope is therefore used as close to the eye as possible so that each image captured

is of as large a portion of the retina of the eye as possible, and as large a region of the retina
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as possible can be imaged. This means that the displacements of the ophthalmoscope
between capture of the first component image and later component images are
predominantly rotational rather than linear displacements of the ophthalmoscope, because
such linear displacements would either (in the case of linear displacement along the roll axis)
increase the distance between the ophthalmoscope and the pupil of the eye, so reducing the
size of the portion of the retina captured by each image, or (in the case of linear displacement
along the pitch or yaw axes) bring the ophthalmoscope out of alignment with the pupil, so
that the retina can no longer be imaged through the pupil. The ophthalmoscope of the
invention therefore does not require the linear motion sensors that might be required in other

imaging applications within the scope of the present invention.

Figure 7 shows the initial image processing steps that are carried out by the ophthalmoscope
in response to operation of the trigger 142b. At step 710 the ophthalmoscope is switched on,
for example as a result of the user picking up the ophthalmoscope, and operation moves to
step 712. At step 712 the ophthalmoscope waits until the trigger 142b is operated, and
operation moves to step 714, at which the ophthalmoscope captures image data
representative of a component image, and motion data representative of any motion of the
ophthalmoscope between operation of the trigger and capture of the image, after which
operation moves to step 716. At step 716 the ophthalmoscope determines from the motion
data associated with the image data whether the image is blurred due to movement of the
ophthalmoscope during capture of the image. If the image is blurred, the image is discarded
and operation returns to step 714, as shown by path 716a, and a new component image is
captured. If the image is not blurred, operation proceeds to step 718, as shown by path 716b,

at which non-useful regions of the first component image are discarded.

The method of identifying and discarding non-useful regions of the first component image is

as follows.

The first component image is divided into individual regions by identifying the edges of
such regions, where the colours represented by the pixel values of the image change
abruptly. For each individual region the area of the region is determined. If the area of the

region is smaller than a threshold area, indicating that the region corresponds to a feature of
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retained in the component image.

Otherwise, the colours represented by the pixel values of each region are compared with a
predetermined range-of colours expected to be encountered in an image of the retina of an
eye and with the colours represented by the pixel values of the neighbouring regions. If the
colours of the region do not match any of the predetermined colours and differ by more than
a threshold amount from the colours of the neighbouring regions, which indicates that the
region corresponds to an over- or underexposed region of the component image, the region is
discarded from the component image. Otherwise the region is retained in the component

image.

Operation then passes to step 720, at which the ophthalmoscope determines whether the first
component image is in focus. If the image is not in focus, the image is discarded and
operation proceeds to step 722, as shown by path 720a, at which the autofocus system of the
ophthalmoscope adjusts the focus setting, before operation returns to step 714. If the image
is in focus, operation proceeds to steps 724 and 726 at the same time, as shown by paths
720a and 720b. At step 724 the focus seiting of the autofocus system is stored, then
operation returns to step 714. At step 726 the ophthalmoscope determines whether the
image is a first component image in the sense that all previous component images have been
discarded at step 716 or 720. If the image is such a first image, operation proceeds to step
728, as shown by path 726a, at which the image data and motion data are stored. If the
image is not such a first image, but a subsequent image, operation proceeds to step 730, as
shown by path 726b, at which the motion data associated with the subsequent image are used
to determine the indication of the offset of the subsequent image relative to the first image,
and the image data and data representative of the offset are transmitted to the computer to
enable the image data to be correlated with previously captured image data. Operation then
proceeds to étep 732 at which the ophthalmoscope determines whether the trigger is still
operated. If the trigger is still operated, operalion returns o step 714, as shown by path
732a. If the trigger is no longer operated, operation returns to step 712, as shown by path

732b. Note that step 712 has, for the purpose of clarity, been reproduced at the bottom of the

flowchart.
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Turning finally to Figures 8 and 9, Figure 8a shows a component image 800 of a portion of a
retina of an eye captured by the ophthalmoscope 100. The image consists of an
underexposed outer region 810, a correctly exposed middle region 820 and an overexposed
inner region 830. The underexposed region 810 corresponds to that portion of the retina in
the field of view of the ophthalmoscope- that-is not -illuminated sufficiently. by the
illumination source of the ophthalmoscope. The overexposed region 830 is caused by
reflection of light from the illumination source by the cornea of the eye. The correctly

exposed region 820 is suitable for use in a composite image of the retina of the eye.

Figure 8b shows the component image 800 after excision of the underexposed region 810
and overexposed region 830, to leave the correctly exposed region 820 corresponding to an

annular portion of the retina.

Figure 9 shows a composite image 900 of a portion of the retina. The composite image is
made up of a plurality of annular portions, three of which are denoted by reference numerals
910, 920 and 930, the annular portions being similar to that shown in Figure 8b. It will be
appreciated that although each component image is generally annular, and does not include
the portion of the retina corresponding to the overexposed region of the image, nevertheless
a continuous image of the retina can be assembled if sufficient overlapping component
images are captured. Reference numeral 940 denotes a region of the composite image
representing a continuous portion of the retina, which has been assembled by capturing a
sufficient quantity of overlapping images. The peripheral region surrounding region 940
could be rendered continuous simply by capturing more component images of the

corresponding region of the retina.

Tt will be apparent that the above description relates only to one embodiment of the
invention, and that the invention encompasses other embodiments as defined by the

foregoing statements of the invention,
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Claims

1. Imaging apparatus comprising a portable image capture device operable to capture
first and second component images of respective first and second portions of an
image subject, and image processing means operable to assemble the first and second
component images into a composite image of at least a portion of the image subject,
wherein the imaging apparatus further comprises sensor means operable to determine
a displacement of the portable image capture device between capture of the first and
second component images and the image processing means is operable to derive
from an output of the sensor means an indication of offset of the first and second
portions of the image subject relative to one another or to a datum, and thereby to

assemble the first and second component images into the composite image.

2. Imaging apparatus according to claim 1, wherein the portable image capture device is
operable to capture first and second component images of first and second discrete
portions of the image subject, and the image processing means is operable to shift
(and, if necessary, rotate) one of the images relative to the other image so as to
juxtapose the first and second images, such that the composite image consists of two

discrete portions of the image subject.

3. Imaging apparatus according to claim 1 or 2, wherein the portable image capture
device is operable to capture first and second component images of first and second
overlapping portions of the image subject, and the image processing means is
operable to shift (and, if necessary, rotate) one of the images relative to the other
image so as to combine the first and second images, such that the composite image

consists of one continuous portion of the image subject.

4, Imaging apparatus according to any preceding claim, wherein the portable image
capture device is operable to capture at least one subsequent component image of a

subsequent portion of the image subject, the sensor means is operable to determine a
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displacement of the portable image capture device between capture of the or each
subsequent component image and another component image, and the image
processing means is operable to derive from the output of the sensor means an
indication of offset of the or each subsequent portion of the image subject relative to
another.portion of the image subject, and thereby to assemble the or each subsequent

component image into the composite image.

Imaging apparatus according to claim 4, wherein the component images include
images of discrete portions and of overlapping portions of the image subject, and the
image processing means is operable to assemble the composite image by juxtaposing

and combining the component images.as appropriate.

Imaging apparatus according to claim 4 or 5, wherein said another component image

is the first component image.

Imaging apparatus according to any preceding claim, wherein the portable image
capture device is provided with display means for displaying an image in a field of

view of the image capture device.

Imaging apparatus according to any preceding claim, wherein the portable image
capture device is provided with trigger means operable to cause the image capture

device to capture an image in the field of view of the device.

Imaging apparatus according to claim 8, wherein the trigger means is operable to
cause the image capture device to capture a succession of component images at

known time intervals.

Imaging apparatus according to any preceding claim, wherein the sensor means

forms part of the image capture device.
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Imaging apparatus according to any preceding claim, wherein the sensor means is
responsive to changes in orientation of the image capture device to produce an output

from which said indication of offset is deriveable.

-Imaging apparatus according to claim.10, wherein the sensor means comprises a .

velocity sensor operable to determine linear and/or angular velocities of the image

. capture device.

Imaging apparatus according to claim 12, wherein the velocity sensor is one of a
plurality of such sensors mounted at spaced apart locations and/or differing
orientations on the image capture device to enable changes in orientation of the latter

to be determined.

Imaging apparatus according to claim 13, wherein the plurality of velocity sensors
are arranged so as to enable angular velocities of the image capture device to be

measured about any of three mutually orthogonal axes that pass through the device.

Imaging apparatus according to any preceding claim, wherein the image capture
device includes an automatic focussing system to enable focussed images to be
obtained at any distance in a range of possible distances from the image capture

device to the image subject.

Imaging apparatus according to any preceding claim, wherein the image capture
device is operable, at the same time as capturing the second or any subsequent
component image, to store displacement data representative of the displacement of
the image capture device between capture of that component image and the first

component image.

Imaging apparatus according to claim 8 or any claim dependent therefrom, wherein
the trigger means is operable to cause the image capture device to capture a

succession of component images in response to predetermined displacements of the
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image capture device from an initial position and/or orientation of the device in

which the trigger means was first operated.

Imaging apparatus according to any preceding claim, wherein the image capture
device is operable, at the same time as capturing- a .component image, to store
velocity data representative of the rate of change of the displacement of the image

capture device at the time of capturing the component image.

Imaging apparatus according to any preceding claim, wherein the image processing
means is operable to identify whether a user’s movements of the image capture
device follow a pattern, and if such a pattern is identified, to use the pattern to predict
the approximate displacement of the image capture device from an initial position
and/or orientation on the basis of previous displacements of the image capture device

from the initial position and/or orientation.

Imaging apparatus according to any preceding claim, wherein the image processing
means is operable to use common features in component images to position and

orientate the component images relative to one another.

Imaging apparatus according to any preceding claim, wherein the image capture
device is provided with illumination means operable to illuminate the image subject
or a portion of the image subject of which an image is to be captured by the image

capture device.

Imaging apparatus according to any preceding claim, wherein at least part of the

image processing means is separate from the image capture device.

Imaging apparatus according to claim 22, wherein the image capture device includes
a rechargeable battery and wireless transmission means operable to transmit image

data and displacement data to the image processing means.
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Imaging apparatus according to claim 23, wherein the sensor means is operable, if no
movement of the device has occurred in a predetermined time, to cause the device to

enter a low power consumption mode.

Imaging apparatus according to claim 23 or 24, .wherein the apparatus further
comprises a charging cradle that has an electrical connection for connection to the

image capture device to recharge the battery of the image capture device.

Imaging apparatus according to claim 25, wherein the cradle includes, a further
electrical connection for connection to the image capture device to transfer data

between the image capture device and the cradle.

Imaging apparatus according to claim 25, wherein the cradle includes wireless

reception means operable to receive image data from the image capture device.

Imaging apparatus according to any of claims 25 to 27, wherein the image capture
device includes calibration means for calibrating the sensor means of the image

capture device when the latter is placed in the cradle.

Imaging apparatus according to any preceding claim, wherein the image capture
device includes preliminary image processing means for identifying images which,
on the basis of the associated velocity data, will be blurred, determining the
autofocus and displacement data for each component image, linking autofocus and
displacement data to their respective component images, and discarding individual
regions of component images that are unsuitable for assembly into the composite

image, prior to said data being supplied to the image processing means.

Imaging apparatus according to any preceding claim, wherein the image capture

device is an instrument for use in ophthalmology.

Imaging apparatus according to any preceding claim, wherein the image capture

device is a handheld device.
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33.

34.

33.

34

Imaging apparatus according to claim 30 or 31, when dependent from claim 15,
wherein the imaging apparatus includes analysing means for comparing the
autofocus measurements obtained during an the inspection of a retina of an eye with
a set of expected data for an eye to determine whether the eye has any defects

associated with an unusual variation of the distance of the retina from the cornea.

Imaging apparatus according to any preceding claim, wherein the image capture
device includes a user interface that allows a user of the device to transmit “yes” and

“no” responses to prompts transmitted to the device by the image processing means.

A portable image capture device for imaging apparatus according to any preceding

claim.

A method of assembling a composite image from component images, the method
comprising the steps of capturing first and second component images of respective
first and second portions of an image subject using imaging apparatus including a
portable image capture device comprising sensor means operable to determine a
displacement of the portable image capture device between capture of the first and
second component images, deriving from an output of the sensor means an offset of
the first and second portions of the image subject relative to one another or to a
datum, and assembling the first and second component images into the composite

image using the offset of the first-and second portions of the image subject.
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