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METHODS, APPARATUSES, COMPUTER PROGRAMS AND COMPUTER
READABLE STORAGE MEDIA

FIELD OF THE INVENTION

Embodiments of the present invention relate to methods, apparatuses,
computer programs and computer readable storage media. In particular,
embodiments relate to methods, apparatuses, computer programs and
computer readable storage media in the field of stereoscopic imaging.

BACKGROUND TO THE INVENTION

Current stereoscopic systems, using a pair of cameras with a fixed separation
distance, are typically designed to take an image from each camera. A
stereoscopic image is generated from the two images for display on a specific
stereoscopic display. Such systems are limited to taking stereoscopic images
of a pre-specified scene environment for display on a pre-specified display.
Accordingly, there are compatibility issues when viewing the stereoscopic
images with displays other than the pre-specified display.

BRIEF DESCRIPTION OF VARIOUS EMBODIMENTS OF THE INVENTION

According to various, but not necessarily all, embodiments of the invention
there is provided a method comprising: receiving an indication of a disparity
range of an object scene from each of two or more stereoscopic imaging
viewpoint pairs; receiving an indication of a disparity constraint of a
stereoscopic display; and selecting a stereoscopic imaging viewpoint pair
whose disparity range is the largest and whose disparity range satisfies the
disparity constraint of the stereoscopic display.

Some embodiments of the invention provide for the automatic selection of a
stereoscopic imaging viewpoint pair from two or more stereoscopic imaging
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viewpoint pairs which has a disparity range for the scene environment that is
the largest but that is also matched to a disparity capability of a stereoscopic
display. In effect, the magnitude of the input disparity range can be adjusted
so as to suit the output display’s disparity capability by selecting the
stereoscopic imaging viewpoint pair whose disparity range is the largest
amongst the stereoscopic imaging viewpoint pairs but also whose disparity
range satisfies a disparity constraint of the display. This enables the disparity
range to be optimised for the object scene by having as large a disparity as
possible that still meets the disparity criteria of the display on which the
stereoscopic content is to be viewed on. This enhances the 3D effect and
extends the apparent depth of stereoscopic content created using the
selected stereoscopic imaging viewpoint pair. Thus, the embodiments enable
effective use to be made of the display’s available disparity range. Since the
adjustment of input disparity range is effected by a selection of a stereoscopic
imaging viewpoint pair, heavy computational processing requirements are
obviated. The disparity constraint of the stereoscopic display can be
dependent of factors such as physical / hardware limitations of the display as
well as ergonomic factors such as comfortable user viewing limits for the
display. Accordingly, the display of stereoscopic content, created using the
selected stereoscopic imaging viewpoint pair, with disparities beyond the
capabilities of the display is obviated which reduces undesirable stereoscopic

viewing image artefacts, eye strain and viewer fatigue.

An object scene may, for example, be related to a scene to be
stereographically imaged, i.e. the scene may comprise one or more objects
located at a range of distances from the stereoscopic imaging viewpoint pairs.

A disparity range of an object scene from a stereoscopic imaging viewpoint
pair may, for example, be a measure of a difference between: maximum and
minimum disparity values, crossed and uncrossed disparity limits or
disparities related to the closest and furthest objects in the scene perceived
from the stereoscopic imaging viewpoint pair. Alternatively, the disparity
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range of an object scene may be a measure of the apparent depth perceived
from the stereoscopic imaging viewpoint pair, or a measure of the difference
in perspective of a scene perceived from each viewpoint of the stereoscopic
imaging viewpoint pair or it may be a measure of how much an image taken
from one viewpoint of the viewpoint pair differs from another image taken from
the other viewpoint of the viewpoint pair. The disparity range of an object
scene from a stereoscopic imaging viewpoint pair could be a scaled value of
the above values.

A disparity range of an object scene from a stereoscopic imaging viewpoint
pair may, for example, depend on parameters such as stereoscopic imaging
viewpoint separation distance, a field of view of the imaging viewpoint and a
scene’s depth range, i.e. distance between a furthest object and closest
object in the scene.

A stereoscopic imaging viewpoint pair may, for example, be a pair of imaging
viewpoints, i.e. a pair of locations or perspectives from where a scene is
viewed or imaged, the pair being separated by a distance. Such a distance
may define a stereoscopic imaging viewpoint pair separation distance.
Alternatively, the stereoscopic imaging viewpoint pair may, for example, be a
pair of imaging devices.

A stereoscopic display may, for example, be a display capable of representing
3D images, an auto-stereoscopic display, a visual output apparatus capable
of directing one image to one eye of a viewer and directing another image to
the other eye of a viewer.

A disparity constraint of a stereoscopic display may, for example, be a value
related to perceived maximum and minimum image depths, such as a
measure of a difference between maximum and minimum perceived image
depths, the display is able to display. The disparity constraint of a

stereoscopic display may, for example, be a value related to maximum and
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minimum disparity limits, such as a measure of a difference between
maximum and minimum disparity limits, the display is able to display. The
disparity constraint of a stereoscopic display may, for example, be a value
related to a difference between the crossed and uncrossed disparity limits the
display is able to display. The disparity constraint could be a scaled value of
the above mentioned disparity limits. Constraints could be due to physical
and hardware limitations of the display, i.e. related to the finite dimensions
and resolutions of the screen of the display, as well as ergonomic viewing
factors relating to comfortable viewing parameters for the display.

The method may further comprise: receiving an indication of a disparity range
of an altered object scene from each of the two or more stereoscopic imaging
viewpoint pairs; selecting a stereoscopic imaging viewpoint pair whose
disparity range is the largest and whose disparity range satisfies the
stereoscopic display’s disparity constraint. This enables the disparity range to
be adjusted to suit a variable scene whilst still meeting the disparity criteria of
the display.

The method may further comprise: capturing an image from at least one of the
imaging viewpoint of the selected stereoscopic imaging viewpoint pair. This
provides the advantage that such captured images have a disparity range
suited to the scene which also meets the disparity constraints of the
stereoscopic display.

The method may further comprise: storing an image captured from at least
one of the imaging viewpoints. Preferably, an image is stored that is captured
from at least the two imaging viewpoints of the selected stereoscopic imaging
viewpoint pair. Alternatively, an image could be stored from each of the
imaging viewpoints of every stereoscopic imaging viewpoint pair. This
provides the advantage that images corresponding to a selected stereoscopic
imaging viewpoint pair can be subsequently selected, processed and utilised.
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The method may further comprise: storing an image, video or audio visual
output captured from at least one of the imaging viewpoints. Preferably, the
image, video or audio visual stored is that which is captured from at least the
two imaging viewpoints of the selected stereoscopic imaging viewpoint pair.
Alternatively, the image, video or audio visual output could be stored from
each of the imaging viewpoints of every stereoscopic imaging viewpoint pair.
This provides the advantage that images and videos corresponding to a
selected stereoscopic imaging viewpoint pair can be subsequently selected,
processed and utilised.

The method may further comprise: receiving images captured from each
imaging viewpoint of the selected stereoscopic imaging viewpoint pair. This
provides the advantage that such received images have a disparity range
suited to the scene which also meets the disparity constraints of the
stereoscopic display.

The method may further comprise: generating stereoscopic content derived
from images captured from each imaging viewpoint of the selected
stereoscopic imaging viewpoint pair. This provides the advantage that such
generated stereoscopic content has a disparity range suited to the scene
which also meets the disparity constraints of the stereoscopic display.

The method may further comprise: transmitting stereoscopic content derived
from images captured from each imaging viewpoint of the selected
stereoscopic imaging viewpoint pair. This provides the advantage that such
transmitted stereoscopic content has a disparity range suited to the scene
which also meets the disparity constraints of the stereoscopic display.

The method may further comprise: receiving stereoscopic content derived
from images captured from each imaging viewpoint of the selected
stereoscopic imaging viewpoint pair. This provides the advantage that such
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received stereoscopic content has a disparity range suited to the scene which
also meets the disparity constraints of the stereoscopic display.

The method may further comprise: displaying, on the stereoscopic display,
stereoscopic content derived from images captured from each imaging
viewpoint of the selected stereoscopic imaging viewpoint pair. This provides
the advantage that such displayed stereoscopic content has a disparity range
suited to the scene which also meets the disparity constraints of the

stereoscopic display.

The indication of the disparity constraint of the stereoscopic display may
comprise an indication of a maximum disparity range of the stereoscopic
display. The selecting of a stereoscopic imaging viewpoint pair whose
disparity range satisfies the disparity constraint of the stereoscopic display
may comprise selecting the stereoscopic imaging viewpoint pair whose
disparity range is less than the maximum disparity range of the stereoscopic
display. This provides the advantage that the stereoscopic imaging viewpoint
pair which is selected optimally matches the disparity range of the
stereoscopic display.

According to various, but not necessarily all, embodiments of the invention
there is provided an apparatus comprising: at least one memory storing
computer program instructions; at least one processor configured to execute
the computer program instructions to cause the apparatus at least to perform:
receiving an indication of a disparity range of an object scene from each of
two or more stereoscopic imaging viewpoint pairs; receiving an indication of a
disparity constraint of a stereoscopic display; and selecting a stereoscopic
imaging viewpoint pair whose disparity range is the largest and whose
disparity range satisfies the disparity constraint of the stereoscopic display.
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The apparatus may be for stereoscopic imaging. The apparatus may be
embodied on a portable handheld device, a user equipment device or a

server.

According to various, but not necessarily all, embodiments of the invention
there is provided a computer program that, when run on a computer,
performs: receiving an indication of a disparity range of an object scene from
each of two or more stereoscopic imaging viewpoint pairs; receiving an
indication of a disparity constraint of a stereoscopic display; and selecting a
stereoscopic imaging viewpoint pair whose disparity range is the largest and
whose disparity range satisfies the disparity constraint of the stereoscopic
display.

According to various, but not necessarily all, embodiments of the invention
there is provided a computer readable storage medium encoded with
instructions that, when executed by a processor, performs: receiving an
indication of a disparity range of an object scene from each of two or more
stereoscopic imaging viewpoint pairs; receiving an indication of a disparity
constraint of a stereoscopic display; and selecting a stereoscopic imaging
viewpoint pair whose disparity range is the largest and whose disparity range
satisfies the disparity constraint of the stereoscopic display.

According to various, but not necessarily all, embodiments of the invention
there is provided an apparatus comprising: means for receiving an indication
of a disparity range of an object scene from each of two or more stereoscopic
imaging viewpoint pairs; means for receiving an indication of a disparity
constraint of a stereoscopic display; and means for selecting a stereoscopic
imaging viewpoint pair whose disparity range is the largest and whose
disparity range satisfies the disparity constraint of the stereoscopic display.

Some embodiments provide the advantage that the disparity range can be
adjusted to suit the object scene whilst still meeting the disparity criteria of the
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display without the need of computationally intensive image processing.
Effective use of the display’s available disparity range is provided. The display
of disparities beyond the capabilities of the stereoscopic display is reduced
which reduces undesirable imaging artefacts, eye strain and viewer fatigue.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of various examples of embodiments of the
present invention reference will now be made by way of example only to the

accompanying drawings in which:

Fig. 1 illustrates a flow diagram of a method according to various

embodiments of the invention;

Fig. 2 illustrates a schematic diagram of an apparatus according to various

embodiments of the invention;

Fig. 3 illustrates a schematic diagram of two stereoscopic imaging viewpoint

pairs according to various embodiments of the invention;

Fig. 4 illustrates a schematic diagram of an alternative arrangement of
stereoscopic imaging viewpoint pairs according to various embodiments of the

invention;

Fig. 5A illustrates a plan view of a schematic diagram of a stereoscopic
imaging viewpoint pair and object scene according to various embodiments of

the invention;

Figs 5B and 5C illustrate schematic diagrams of an image captured from each
of the imaging viewpoints of the stereoscopic imaging viewpoint pair of Fig.
5A;
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Fig. 6 illustrates a flow diagram of another method according to various

embodiments of the invention;

Fig. 7 illustrates a schematic diagram of an alternative apparatus according to

various embodiments of the invention;

Fig. 8 illustrates a flow diagram of methods according to various embodiments

of the invention; and

Figs. 9A, 9B, 9C and 9D illustrate schematic diagrams of alternative
apparatus implementations and configurations according to various

embodiments of the invention.

DETAILED DESCRIPTION OF VARIOUS EMBODIMENTS OF THE
INVENTION

The Figures illustrate a method comprising: receiving (101) an indication of a
disparity range of an object scene from each of two or more stereoscopic
imaging viewpoint pairs; receiving (102) an indication of a disparity constraint
of a stereoscopic display; and selecting (103) a stereoscopic imaging
viewpoint pair whose disparity range is the largest and whose disparity range
satisfies the disparity constraint of the stereoscopic display.

Description

Fig. 1 illustrates a flow diagram of a method according to various
embodiments of the invention. At block 101, the process of receiving an
indication of a disparity range of an object scene from each of two or more
stereoscopic imaging viewpoint pairs is carried out. At block 102, the process
of receiving an indication of a disparity constraint of a stereoscopic display is
carried out. Finally, at block 103 the process of selecting a stereoscopic
imaging viewpoint pair whose disparity range is the largest and whose
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disparity range satisfies the disparity constraint of the stereoscopic display is
carried out.

These processes can be performed by a controller. Implementation of the
controller can be in hardware alone (a circuit, a processor...), have certain
aspects in software including firmware alone or can be a combination of
hardware and software (including firmware). The controller may be
implemented using instructions that enable hardware functionality, for
example, by using executable computer program instructions in a general-
purpose or special-purpose processor that may be stored on a computer
readable storage medium (disk, memory eic) to be executed by such a
processor.

Fig. 2 illustrates a schematic diagram of an example of an apparatus 200 for
effecting the method of Fig. 1. The apparatus, controller 200, comprises at
least one memory 201 storing computer program instructions 202 and at least
one processor 203 configured to execute the computer program instructions
to cause the apparatus at least to perform: receiving an indication of a
disparity range of an object scene from each of two or more stereoscopic
imaging viewpoint pairs; receiving an indication of a disparity constraint of a
stereoscopic display; and selecting a stereoscopic imaging viewpoint pair
whose disparity range is the largest and whose disparity range satisfies the
disparity constraint of the stereoscopic display.

The processor 203 is configured to read from and write to the memory 201.
The processor 203 may also comprise an output interface 205 via which data
and/or commands are output by the processor 203, such as an indication of
the selected stereoscopic imaging viewpoint pair, and an input interface 206
via which data and/or commands are input to the processor 203, such an
indication of a disparity range of an object scene from each stereoscopic
imaging viewpoint pairs as well as an indication of a disparity constraint of a

stereoscopic display.
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The memory 201 stores a computer program 204 comprising computer
program instructions 202 that control the operation of the apparatus 200 when
loaded into the processor 203. The computer program instructions 202
provide the logic and routines that enables the apparatus to perform the
method illustrated in Fig. 1. The processor 203, by reading the memory 201,
is able to load and execute the computer program 204.

The computer program 204 may arrive at the apparatus 200 via any suitable
delivery mechanism. The delivery mechanism may be, for example, a
computer-readable storage medium, a computer program product, a memory
device, a record medium such as a compact disc read-only memory or digital
versatile disc, an article of manufacture that tangibly embodies the computer
program. The delivery mechanism may be a signal configured to reliably
transfer the computer program. The apparatus 200 may propagate or
transmit the computer program 204 as a computer data signal.

Although the memory 201 is illustrated as a single component it may be
implemented as one or more separate components some or all of which may
be integrated/removable and/or may provide permanent/semi-permanent/
dynamic/cached storage.

Fig. 3 illustrates a schematic diagram of two stereoscopic imaging viewpoint
pairs 301 and 302 according to various embodiments of the invention. The
first stereoscopic imaging viewpoint pair, SIVP;, 301 comprises two imaging
viewpoints 1V 303 and IV, 304 which are separated by a distance which
defines a stereoscopic imaging viewpoint pair separation distance, SIVPSD,
306. Likewise, the second stereoscopic imaging viewpoint pair, SIVP,, also
comprises two imaging viewpoints IV, 304 and IV; 305 separated by a
stereoscopic imaging viewpoint pair separation distance, SIVP,SD 307. Each
imaging viewpoint could correspond to an imaging device capable of
capturing images such as a charge-coupled device, or could represent a
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location where such an imaging device is located. Each imaging viewpoint is
fixed in its position and arranged along the same axis 308. Advantageously,
by having the imaging viewpoints fixed, their relative positions and alignments
can be accurately predefined.

In this embodiment, the imaging viewpoint 304 is a member of both the first
and second stereoscopic imaging viewpoint pairs. Such a configuration
advantageously makes efficient use of space and components by maximizing
the number of possible stereoscopic imaging viewpoint pairs using the fewest
number of imaging viewpoints. However, it will be appreciated that a viewpoint
of one stereoscopic imaging viewpoint pair need not coincide with a viewpoint
of another stereoscopic imaging viewpoint pair.

Fig. 4 illustrates a schematic diagram of an alternative arrangement of
stereoscopic imaging viewpoint pairs according to various embodiments of the
invention. The arrangement 400 is similar to that shown in Fig. 3 but with an
additional stereoscopic imaging viewpoint pair, SIVP3;, 401 comprising
viewpoints 1V, 303 and V3 305 separated by stereoscopic imaging viewpoint
pair separation distance, SIVP3;SD, 402.

According to one embodiment, the stereoscopic imaging viewpoint pair
separation distances respectively are:

SIVP{SD =2 cmto 3 cm, or in the region of 2.5 cm

SIVP,SD =3 cmto 5 cm, orin the region of 4 cm

SIVP3SD = 5 cm to 8 cm, orin the region of 6.5 cm

A stereoscopic imaging viewpoint pair separation distance of approximately
2.5 cm is suitable for enabling zoom functionality of the imaging viewpoints,
since higher zoom levels reduce the field of view of the imaging viewpoints
which scales up the disparity range. Such scaled up disparity ranges can be
accommodated by reducing the stereoscopic imaging viewpoint pair
separation distance. Furthermore, such a stereoscopic imaging viewpoint pair
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separation distance is also useful for 3D video conferencing using a handheld
portable device.

A stereoscopic imaging viewpoint pair separation distance of approximately 4
cm is suitable for stereoscopic viewing on a portable hand held display for
generic scenes with object ranges from 1.5 metres to infinity.

A stereoscopic imaging viewpoint pair separation distance of approximately
6.5 is suitable for orthostereoscopy viewing on a display where the viewing
distance is greater than 2 metres, such as in a cinema. Also, such a
stereoscopic imaging viewpoint pair separation distance is suitable for viewing
scenes with object ranges from 3 metres to infinity.

Accordingly to yet another embodiment, the stereoscopic imaging viewpoint
pair separation distances are spaced out by a factor of 1.6 and 1.62. Of

course other numerical values could always be chosen.

According to another embodiment, the stereoscopic imaging viewpoint pair
separation distance corresponds to an inter pupil separation distance, i.e. the
distance between a viewers eyes, typically within the range of 6 — 7 cm.

The disparity range of an object scene is determined from the perspective of
the viewpoints of the stereoscopic imaging viewpoint pairs. One example of
how a disparity range of an object scene from the stereoscopic imaging
viewpoint pair SIVPy 301 from Fig 3 or Fig 4 can be determined will now be
described. Fig. 5A illustrates a plan view of the stereoscopic imaging
viewpoint pair SIVP{ 301 comprising imaging viewpoints 1V{ 303 and IV, 304
which are separated by a stereoscopic imaging viewpoint pair separation
distance SIVP,SD and positioned along a base axis 308. An imaging device
506, 507, able to capture images of a scene, such as a camera, is located at
each imaging viewpoint IV, and IV, of the stereoscopic imaging viewpoint pair
SIVP1. The first imaging device 506 and imaging viewpoint IV, each have an
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optical axis 503 which is parallel to the optical axis 504 of the other imaging
device 507 and imaging viewpoint IV,. The optical axes 503 and 504 are also
perpendicular to the base axis 308. It is possible to have a configuration of
imaging viewpoints and imaging devices whose optical axes are non-parallel
such that they intersect at some point. Such an off parallel configuration is
called a “toe-in” configuration. A square 501 and a circle 502 represent the
furthest and closest objects respectively in a scene to be stereoscopically
imaged. For ease of explanation, these objects are shown as being located
along a central axis 505 parallel to the optical axes 503, 504 and mid way
between the viewpoints. Of course, a real world scene would likely not have
its furthest and closest objects centrally aligned.

Figs 5B and 5C illustrate schematic diagrams of an image captured by the
imaging device located at each of the imaging viewpoints of the stereoscopic
imaging viewpoint pair of Fig. 5A. Fig. 5B shows an image captured from the
first viewpoint 1V, 303 by the first imaging device 506. The central line 508
through the image corresponds to the imaging device’s optical axis 503. In
this image, the furthest object, square 501, is positioned a certain distance
509 to the right of the central line 508. The closest object, circle 502, is
positioned a greater distance 510 to the right of the central line 508.

Fig. 5C which shows an image captured from the second viewpoint IV, 304 by
the second imaging device 507. The furthest object, square 501, is positioned
a certain distance 512 to the left of the central line 511 of the image which
relates to the optical axis 504 of imaging device 507 and second viewpoint.
The closest object, circle 502, is positioned a greater distance 512 to the left
of the central line 511.

The minimum disparity value, SIVP,Dn,, of the scene from stereoscopic
imaging viewpoint pair 301, which relates to the apparent depth of the furthest
object, is a measure of the difference between distances 509 and 512.
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The maximum disparity value, SIVPiDmax, Of the scene from stereoscopic
imaging viewpoint pair 301, which relates to the apparent depth of the closest
object, is a measure of the difference between distances 510 and 513.

The maximum disparity range, SIVP+D, of an object scene from stereoscopic
imaging viewpoint pair 301 can be determined by calculating the difference
between the maximum disparity, SIVP{Dmax and the minimum disparity,
SIVPDnin, i.€.:

SIVP4D = | SIVPDmay - | SIVP 1Dl

In light of the centrally symmetric location of the furthest and closest objects in
the example given in Fig. 5A, the distance 504 relates to half of the minimum
disparity, SIVP{Dmin/2 and the distance 505 relates to half the maximum
disparity, SIVPDmax/2. Likewise, the distance 510 relates to half of the
minimum disparity, SIVP{Dnin/2 and the distance 511 relates to half the
maximum disparity, SIVP{Dmax/2.

The determination of the disparity range of an object scene from each of two
or more stereoscopic imaging viewpoint pairs can be determined by any
suitable method, for example, by block matching and image segmentation of
images captured from each imaging viewpoint of a stereoscopic imaging
viewpoint pair. Alternatively, the disparities could be calculated for each
stereoscopic imaging viewpoint pair based on knowledge of parameters such
as:

the stereoscopic imaging viewpoint separation distance

the field of view of the imaging viewpoint

the focal length of lenses of the imaging devices capturing an image

real world distances of the closest and furthest objects (which could be
determined via suitable range finding methodologies such those involving
sound waves electromagnetic radiation) and

the resolution of the camera’s charge-coupled device array.
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Since the disparity range of an object scene is determined from the imaging
viewpoints of the stereoscopic imaging viewpoint pairs, in some
embodiments, the disparity range inherently includes aspects of the imaging
viewpoints such as field of view and zoom levels. Advantageously, the
stereoscopic imaging viewpoint pair selected already takes into account the
field of view and zoom level of the imaging viewpoints. Thus, various
embodiments of the present system are able to adjust to varying fields of view
and different zoom levels of the imaging viewpoints.

According to another embodiment, an image processing algorithm, such as to
alter the scale of the images by a scaling factor, is applied to the images 5B
and 5C from the stereoscopic imaging viewpoint pair prior to calculating the
disparity range. By reducing the size of the images, the disparity of the
images is likewise also reduced. Advantageously, where it is found that the
disparity range of an object scene for a stereoscopic imaging viewpoint pair is
only slightly larger than disparity range of a stereoscopic display, the disparity
range of the stereoscopic imaging viewpoint pair could be reduced to below
that of the disparity range of a stereoscopic display by reducing the image
sizes of the images from the stereoscopic imaging viewpoint pair. For
example, where a disparity range of an object scene for a stereoscopic
imaging viewpoint pair is within: 5%, 10% 20%, 25% or 30% greater than the
disparity range of the disparity range of a stereoscopic display, the disparity
range could be reduced by a corresponding requisite amount so as to bring it
to within acceptable levels by reducing the scale of the images from the
imaging viewpoints. Advantageously, this enables a stereoscopic viewpoint
pair to be selected with a larger imaging viewpoint separation distance than
would otherwise be the case, though at a cost of smaller images from the
stereoscopic imaging viewpoint pair and smaller non-full screen display of
stereoscopic content.

According to yet another embodiment, the field of view of the imaging
viewpoints is altered, such as to alter the disparity of the images 5B and 5C
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from the stereoscopic imaging viewpoint pair prior to calculating the disparity
range. By increasing the field of view of the imaging viewpoints, the disparity
of the images is reduced. Advantageously, where it is found that the disparity
range of an object scene for a stereoscopic imaging viewpoint pair is only
slightly larger than disparity range of a stereoscopic display, the disparity
range of the stereoscopic imaging viewpoint pair could be reduced to below
that of the disparity range of a stereoscopic display by increasing the field of
view of the images from the stereoscopic imaging viewpoint pair. For
example, where a disparity range of an object scene for a stereoscopic
imaging viewpoint pair is within: 5%, 10% 20%, 25% or 30% greater than the
disparity range of the disparity range of a stereoscopic display, the disparity
range could be reduced by a corresponding requisite amount so as to bring it
to within acceptable levels by increasing the field of view of the imaging
viewpoints. Advantageously, this enables a stereoscopic viewpoint pair to be
selected with a larger imaging viewpoint separation distance than would
otherwise be the case.

According to one embodiment, the disparity range of a scene is detected at a
plurality of points in the scene. This detection could happen in real-time,
enabling a re-selection of a stereoscopic image viewpoint in real-time
adjusting to a varying scene, for example as an object moves closer towards
the viewpoints.

Disparity constraints of a stereoscopic display include limitations of feasible
display disparity ranges based on ergonomic factors relating to a viewer’s
viewing distance to the display.

According to one embodiment, a stereoscopic display’s disparity range, SDD,
is determined by calculating the difference between a maximum display
disparity and a minimum display disparity where:

the maximum display disparity is the value of Pgispiay fOr Vopjeot = V¥

the minimum display disparity is the value of Pispiay fOr Vopjeat = V™"
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i.e. SDD = | Paispiay(V"*™) | - [ Paisplay (V") |
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Visplay = distance from viewer’s pupils to the display

Vabject = perceived distance of object viewed, i.e. virtual object distance
vMa ~ perceived maximum distance of object viewed, i.e. maximum
virtual object distance

VvMin — perceived minimum distance of object viewed, i.e. minimum
virtual object distance

IPD = Inter pupil distance, i.e. distance between a viewer's eyes

F = eye flexibility (dioptre) relating to the comfortable viewing

parameter for a human, typically found to be in the range of +0.5 +0.75

The eye flexibility factor relates to the ‘accommodation-convergence
mismatch’ wherein a viewer's eyes accommodate to the distance of the
display but converge to a different distance relating to the virtual object’s
apparent depth. This situation causes a discrepancy which can lead to eye
strain. As indicated about, it has been found that an eye flexibility in the range

of £0.5 +0.75 dioptre enables comfortable viewing.

Differing stereoscopic displays have differing available disparity maxima and
minima as well as differing disparity ranges for comfortable viewing.
Displaying stereoscopic content on a suitably adopted cinema screen, where
the display distance is much greater than 2m, enables the perception of
infinite virtual object distances. Whereas, for displays viewed at closer
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distances, such as is the case for handheld devices it is not possible to have
comfortable viewing of virtual objects at an infinite distance due to the above
effect. There are other factors such as display size that affect the disparity
range of a display by limiting the largest uncrossed disparity (relating to a
maximum virtual depth) and greatest crossed disparity (relating to a minimum
virtual depth).

The following provides a worked through example of the processes involved
in the selection of a stereoscopic viewpoint pair.

In this example, there are 3 stereoscopic imaging viewpoint pairs each having
an imaging viewpoint separation distance of 2.5 cm, 4 cm and 6 cm
respectively. At each imaging viewpoint of the viewpoint pairs, there is a 1.6
megapixel camera. The object scene to be imaged consists of objects of a
finite range, i.e. between 2 metres and 5 metres from the stereoscopic

imaging viewpoint pairs.

Imaging viewpoint Closest object Furthest object Maximum disparity

separation distance | imaged disparity | imaged disparity (no. | range (no. of pixels)

(cm) (no. of pixels) of pixels)

2.5 -62.5 -30 32.5
4 -100 -48 52

6.5 -162.5 -78 84.5

The disparity values above are given a negative sign as is customary for
representing crossed disparities (positive disparities are used to
represent uncrossed disparities).

The stereoscopic display used in this example has a resolution of 480 x 800,
i.e. it has 384,000 pixels. The display can handle a crossed disparity, i.e. for
foreground objects perceived in front of the display, of up to -10 pixels (by
convention crossed disparities are negative sign). The display can handle an
uncrossed disparity, i.e. for background objects perceived in behind the
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display, of 13 pixels (by convention crossed disparities are positive).
Therefore, the display’s disparity range, which is a measure of the difference
between the uncrossed and crossed disparity limits, is 23 pixels in the display
space.

However, the 1.6 megapixel images from each of the cameras need to be
scaled so as to fit to the display. In this case, the images are reduced by a
scale factor of 4. This correspondingly reduces the camera space’s disparity

range by a factor of 4.

Imaging viewpoint Scaled closest Scaled furthest Scaled
separation distance object imaged object imaged maximum
(cm) disparity (no. of disparity (no. of disparity range
pixels) pixels) (no. of pixels)
2.5 -15.625 -7.5 8.125
4 -25 -12 13
6.5 -40.625 -19.5 21.125

The stereoscopic imaging viewpoint pair is selected which provides a disparity
range, i.e. the scaled maximum disparity range which is the greatest and is
less that a disparity constraint of the display, i.e. the display’s disparity range.
In this example, the stereoscopic imaging viewpoint pair whose imaging
viewpoint separation distance is 6.5 cm is selected as it gives the largest
disparity range of 21.125 pixels, but is still less than the disparity constraint of
23 pixels.

Having selected the optimum stereoscopic imaging viewpoint pair, images
captured at their respective viewpoints, i.e. the raw images taken from each
camera of the imaging viewpoints of the selected viewpoint pair, could then be
appropriately offset. They are offset so that the closest object imaged
disparity and the furthest object imaged disparity map onto the values of the
display’s crossed disparity limit and uncrossed disparity limit respectively.

PCT/IB2010/051442



WO 2011/121397

10

15

20

25

30

21

The offsetting can be effected by applying a Euclidean shift image processing
algorithm. In the present case, a shift of +32 pixels (i.e. moving the right
image right by 16 pixels and moving the left image left by 16 pixels) is applied
such that the disparities of the stereoscopic imaged scene would be shifted
from -41 pixels and -20 pixels (N.B. -40.625 pixels and -19.5 pixels have been
converted to a whole number of pixels) to -9 pixels to +12 pixels which is
within the disparity constraints of the display and would be comfortable to

view.

Alternatively, one could approach the determination of the relevant disparity
ranges by scaling up the parameters of the display’s disparities, i.e. by a
factor of 4 in the present case, such that the greatest crossed disparity is -40
pixels and the greatest uncrossed disparity is 52 pixels. Therefore, the
disparity constraint of the display would correspond to a scaled disparity
range of the display to suit the camera’s resolution, which in this case would
be 92 pixels in the display space. Again, the same stereoscopic imaging
viewpoint pair would be selected, i.e. whose imaging viewpoint separation
distance is 6.5 cm, since it provides a disparity range, i.e. the maximum
disparity range (in this case 84.5 pixels) which is also is less that the disparity
constraint of the display (in this case 92 pixels).

Having selected the optimum stereoscopic imaging viewpoint pair, the raw
images taken from each camera of the imaging viewpoints of the selected
viewpoint pair, could then be appropriately offset so that their disparity limits
map onto the values of the display’s crossed disparity limit and uncrossed
disparity limit respectively. In this cases, a shift of +126 pixels (i.e. moving the
right image right by 63 pixels and moving the left image left by 63 pixels) is
applied such that the disparities of the stereoscopic imaged scene would be
shifted from -163 pixels and -78 pixels (N.B. -162.5 pixels have been
converted to a whole number of pixels) to -36 pixels and +48 pixels which is
within the scaled up disparity constraints of the display, -40 pixels to 52 pixels,
which would become -9 pixels to 12 pixels when re-scaled for viewing.
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Now let us consider where the situation changes such that the object scene
no longer consists merely of objects with a finite range of up to 5 metres, i.e.
there are now objects at an infinite distance.

Imaging viewpoint Closest object Furthest object Maximum disparity

separation distance | imaged disparity | imaged disparity (no. | range (no. of pixels)

(cm) (no. of pixels) of pixels)

2.5 -62.5 0 62.5
4 -100 0 100
6.5 -162.5 0 162.5

As shown above, after applying a suitable scaling factor of 4, we have 92
pixels allowance in the disparity range of the display device. In this case, the
stereoscopic imaging viewpoint pair that is selected would now be that which
has a 2.5 cm imaging viewpoint separation distance, since it provides the
maximum disparity range (in this case 62.5 pixels) and is less that the

display’s scaled disparity range (in this case 92 pixels).

Alternatively, since the stereoscopic imaging viewpoint pair whose imaging
viewpoint separation distance is 4 cm has a maximum disparity range (100
pixels) only marginally over that of display’s scaled disparity range (in this
case 92 pixels), by applying an alternative scale factor, e.g. 4.35 instead of 4,
the disparity constraint of the display, i.e. the display’s scaled disparity range,
would now be 100.05 and thus the stereoscopic imaging viewpoint pair having
a 4 cm imaging viewpoint separation distance could be selected. However,
the resultant stereoscopic image would not be full screen image on the
display but would take up only 92% of the image. This advantageously
makes more effective use of the display’s disparity capability and enables an
enhanced 3D effect to be perceived, though the stereoscopic image would not
be displayed at full screen.
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Fig. 6 illustrates a flow diagram of another method according to various
embodiments of the invention. Blocks 601, 602 and 603 correspond to block
101 of Figure 1 regarding receiving an indication of a disparity range of an
object scene from each of a first, a second ... an Nth stereoscopic imaging
viewpoint pair (SIVP+D, SIVP.D, ... SIVP.D respectively). Block 102 performs
the process of receiving of an indication of a disparity constraint of a
stereoscopic display, SDD. Block 103 performs the process of selecting a
stereoscopic imaging viewpoint pair, SIVP,, whose disparity range SIVP,D is
the largest of each of SIVP{D, SIVP2D, ... SIVP,.D but also whose disparity
range satisfies a disparity constraint, such as SIVP,D < SDD.

Following the selection of the stereoscopic imaging viewpoint pair SIVPy
which meets the selection criteria, block 604 performs the process of
capturing an image from each imaging viewpoint of the selected stereoscopic
imaging viewpoint pair, for example by an imaging device located at each
imaging viewpoint, to create an image pair. It will be appreciated that a
sequence of images or a video stream could likewise be captured

Optionally image processing algorithms can be applied to the captured
images as indicated in block 605. Such image processing algorithms include,
but are no limited to performing: Euclidian shift, keystone correction and
cropping of the images as well as image matching algorithms to match an
image pair's image properties such as zoom level, image dimension size, and
colour gamut, brightness and contrast. The Euclidian shift image
transformation offsets the total disparity of stereoscopic content but does not
influence the actual range of disparities.

Block 606 performs the process of generating stereoscopic content derived
from images captured from each imaging viewpoint of the selected
stereoscopic imaging viewpoint pair. Stereoscopic content may be: live or
pre-recorded images or video streams captured from an imaging viewpoint, a

stereoscopic image derived from images captured from a stereoscopic
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imaging viewpoint pair, a plurality of stereoscopic images or stereoscopic
video derived from images or video captured from a stereoscopic imaging
viewpoint pair. Also, the stereoscopic content may comprises indications
concerning the disparity ranges of an object scene from a stereoscopic
imaging viewpoint pair. The stereoscopic content may be suitably formatted
to suit a format required for a particular type of stereoscopic display

technology.

Finally, block 607 performs the process of displaying, on the stereoscopic
display related to the stereoscopic display constraints, stereoscopic content
derived from images captured from each imaging viewpoint of the selected
stereoscopic imaging viewpoint pair.

Fig. 7 illustrates a schematic diagram of an apparatus according to various
embodiments of the invention for effecting the method of Fig. 6.

The apparatus 700 comprises a memory 201 storing a computer program 204
comprising computer program instructions 202. The apparatus comprises a
processor 203 which comprises an output interface 205 via which data and/or
commands are output by the processor 203 and an input interface 206 via
which data and/or commands are input to the processor 203. As with the
apparatus 200 of Fig. 2, the processor 203 of apparatus 700 is configured to
execute the computer program instructions 202 to cause the apparatus 700 to
perform the method of Fig. 1.

The apparatus further comprises imagers 701, 702 and 703, such as imaging
devices capable of capturing an image of an object scene. The imagers 701,
702 and 703 are arranged to as to be located in positions corresponding to
imaging viewpoints V4, IV, and V5. Accordingly, stereoscopic imaging
viewpoint pairs SIVP4, SIVP, and SIVP; correspond to imager pairs: imager
701 and imager 702, imager 702 and imager 703, and imager 701 and imager
703 respectively.
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Each imager captures an image of the object scene as perceived from its
respective viewpoint. These images are processed by the processor 203 to
determine a disparity range of the object scene as perceived from each
stereoscopic imaging viewpoint pair, i.e. each imaging pair. These are
inputted to the processor along with an indication of a disparity constraint of
the stereoscopic display 704, which could be pre-stored in the memory 201.

The processor 203 performs the method of block 103 to select one of the
stereoscopic imaging pairs meeting the selection criteria.

The computer program instructions 202 also provide the logic and routines
that enables the apparatus 700 to perform the methods illustrated in Fig. 6 as
set out below.

Once a stereoscopic imaging viewpoint pair has been selected, a controller
203 controls the selected stereoscopic imaging viewpoint pair to capture an
image from each appropriate respective imager which is stored in memory
means 201, thereby effecting the process of block 604. Optionally the
processor 203 can apply image processing algorithms to the captured images
thereby effecting the process of block 605. The processor 203 generates
stereoscopic content based on the captured images, suitably formatted for
display on the display 704, thereby effecting block 607.

In one embodiment, the apparatus 700 is embodied on a portable hand held
electronic device, such as a mobile telephone or personal digital assistant,
that may additionally provide one or more audio/text/video communication
functions (e.g. tele-communication, video-communication, and/or text
transmission (Short Message Service (SMS)/ Multimedia Message Service
(MMS)/emailing) functions), interactive/non-interactive viewing functions (e.g.
web-browsing, navigation, Television/program viewing functions), music

recording/playing functions (e.g. Moving Picture Experts Group-1 Audio Layer
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3 (MP3) or other format and/or (frequency modulation/amplitude modulation)
radio broadcast recording/playing), downloading/sending of data functions,
image capture function (e.g. using a (e.g. in-built) digital camera), and gaming
functions.

Fig. 8 illustrates a flow diagram of methods according to various embodiments
of the invention. Following the processes described with regards to Fig. 1
resulting in the selection of a selected stereoscopic imaging viewpoint pair at
block 103 following blocks 101 and 102, Figure 8 shows various processes
800 that can then be effected making use of the stereoscopic imaging
viewpoint pair selected at block 103.

Block 604 relates to capturing an image from each imaging viewpoint of the
selected stereoscopic imaging viewpoint pair as discussed with regards to
Fig. 6. It will be appreciated that a sequence of images or a video stream
could likewise be captured.

Block 801 performs the process of storing an image captured from each of
two or more imaging viewpoints. Again, it will be appreciated that a sequence
of images or a video stream could likewise be captured. Preferably, at least
two of the viewpoints correspond to viewpoints of the selected stereoscopic
imaging viewpoint pair. If images captured from two or more, or yet more
preferably all, of the imaging viewpoints are stored in a memory, following the
process of selecting a stereoscopic imaging viewpoint pair that meets a
display’s disparity criteria, images from the appropriate imaging viewpoints
corresponding to the selected stereoscopic imaging viewpoint pair can be
retrieved from the memory for display. Advantageously, were it desired to
display stereoscopic content on another display with a differing disparity
constraint, the selection process could be repeated and images from the
appropriate imaging viewpoints corresponding to the newly selected
stereoscopic imaging viewpoint pair can be retrieved from the memory for

display. Advantageously, such a setup effectively enables the recordal of
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several sets of images that can be subsequently selected so as to meet the
disparity constraint criteria of one or more displays. This allows the display of
stereoscopic content that can be viewed on a range of devices, such as:
portable hand held displays, home TV liquid crystal display and plasma
displays and projection based displays.

Block 802 performs the process of receiving images or video stream captured,
either contemporaneously in real time or non- contemporaneously i.e.
previously captured images or video streams, from each imaging viewpoint of
the selected stereoscopic imaging viewpoint pair.

Block 606 relates to the generation of stereoscopic content as discussed with
regards to Fig. 6.

Block 803 performs the process of transmitting stereoscopic content derived
from images captured from each imaging viewpoint of the selected
stereoscopic imaging viewpoint pair.

Block 804 performs the process of receiving stereoscopic content derived
from images captured from each imaging viewpoint of the selected
stereoscopic imaging viewpoint pair.

Block 607 relates to the display of stereoscopic content as discussed with
regards to Fig. 6.

It is to be appreciated that the various method processes 800 shown in Fig. 8
can be implemented on various software and hardware platforms, not least of
which include the apparatuses 200 and 700 of Figs. 2 and 7.

Fig 9A shows a schematic diagram of apparatus 700, as in described in
relation to Fig 7, which comprises: stereoscopic imaging viewpoint pairs, a
controller and a display all housed in one unit 700. Such an apparatus may
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be thought of as an “all in one” apparatus comprising 3 operationally coupled
modules: an imager module 901, a controller module 902 and a display
module 903.

The controller module 902 selects which one of the stereoscopic imaging
viewpoint pairs of the imager module 901 is optimal for an object scene to be
imaged and disparity constraints of a display of the display module that are to
be met. In addition, the modules are variously arranged, at least, to perform
the processes of the blocks shown in Fig. 8, for example:

The imager module 901 is controlled by the controller module to capture
images from the selected stereoscopic imaging viewpoint pair.

The controller module 902 receives the images from the imager module 901.
The controller module 902 stores the images from the imager module 901.
The controller module 902 conveys the images the display module 903.

The controller module 902 or display module 903 generates stereoscopic
content from the images

The controller module transmits the stereoscopic content to the display
module.

The display module 903 displays the stereoscopic content.

Data relating to: indications of disparity ranges from stereoscopic imaging
viewpoint pairs and indications of disparity constraints of stereoscopic
displays as well as stereoscopic content can be transmitted from one module
to another. However, it will be appreciated that these modules need not
necessarily all be housed in one unit as a single physical entity but may be

separate from and remote to one another.

Fig. 9B shows a system whereby a display 904 comprising the display module
is separate from and remote of apparatus 905 comprising the imager module
901 and controller module 902. In such an arrangement, the disparity
constraints of the display 904 are communicated over a communication

network to the controller module or alternatively, such constraints are pre-
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stored in a memory of the controller module and an identification of the
display is communicated to the controller so that it knows which display
disparity constraint to apply in the selection of a stereoscopic imaging
viewpoint pair process. The apparatus 905, having selected an appropriate
imaging viewpoint pair given the disparity ranges from the stereoscopic
viewpoint pairs and disparity constraints of the display 904 can then transmit
stereoscopic content derived from the selected imaging viewpoint pair to the
display 904. Such a system is able to select a stereoscopic viewpoint pair,
and the stereoscopic content derived therefrom, depending on the object
scene perceived from the imaging viewpoints. Accordingly, the system can
adapt when the perceived object scene changes, i.e. the by the imaging
viewpoints zooming in/out thereby altering their respective field’s of view, or
objects in the scene moving thereby altering the minimum and maximum
object ranges. An optimal stereoscopic viewpoint pair, and stereoscopic
content derived therefrom, can be selected that takes into account such

alterations.

Fig. 9C shows a system whereby both the controller module 902 and the
display module 903 are housed in an apparatus 906 separate from and
remote of an apparatus 907 comprising the imager module. In such an
arrangement, the indication of a disparity range of an object scene from each
of two or more stereoscopic imaging viewpoint pairs of the apparatus 907
could be communicated over a communication network to the apparatus 906.
Following receipt of this, the apparatus 905 could select an appropriate
imaging viewpoint pair that meets the disparity constraints of the display
module 903. Then, the controller module could request stereoscopic content
that is derived from the selected imaging viewpoint pair.

Alternatively, prior to making a selection of which viewpoint pair optimally
matches the disparity capabilities of the display module 903, the controller
module 902 could receive stereoscopic content derived from at least two
stereoscopic imaging viewpoint pairs along with indications of the disparity
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range of the stereoscopic imaging pair from which each stereoscopic content
is derived. Thus, the controller module 903 could select an optimal
stereoscopic imaging viewpoint pair, and then chose the received
stereoscopic content which corresponds to that derived from the selected
stereoscopic imaging viewpoint pair. Advantageously, in this scenario,
advance knowledge of the display device’s disparity capabilities is not
required prior to capturing, generating and receiving the stereoscopic content.

Fig. 9D shows a system whereby each of the imager module, controller
module and display module is separate from and remote of one another. In
such an arrangement data, such as relating to disparities and stereoscopic
content, can be transmitted from one module to another over a

communication network.

As with the system of Fig. 9C, the apparatus 200, comprising the controller
module 902, could receive stereoscopic content derived from at least two
stereoscopic imaging viewpoint pairs along with indications of the disparity
range of the stereoscopic imaging viewpoint pair from which each
stereoscopic content is derived. Again, advantageously, in this scenario,
advance knowledge of the display device’s disparity capabilities is not
required prior to capturing, generating and receiving the stereoscopic content.
Such a system is able to select a stereoscopic viewpoint pair, and the
stereoscopic content derived therefrom, depending on the display device 904
used. Accordingly, the system can adapt to different display devices, such as
for example, a display on a handheld portable electronic device, a
conventional panel display or a projection based display, and the stereoscopic
content chosen would be optimally suited for the display used.

It will be appreciated that in the above examples, the transmission of
stereoscopic content need not be from an actual imaging module 901 itself,
but could be from, for example, a stereoscopic content server (not shown).
The server could comprise a database with pre-stored stereoscopic content
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derived from stereoscopic viewpoint pairs along with indications of the
disparity range from the stereoscopic imaging viewpoint pairs from which the
stereoscopic content is derived.

The transmission of data, for example such as indications of disparity ranges
or stereoscopic content, may be via any suitable delivery mechanism. The
delivery mechanism may be, for example, an internal data bus, computer-
readable storage medium, a computer program product, a memory device, a
record medium such as a compact disk read only memory or digital versatile
disk, an article of manufacture that tangibly embodies the data. The delivery
mechanism may be a signal configured to reliably transfer the data. Such a
signal may be transmitted via a communication network such as a local area
network, wide area network, Internet or a wireless network such as a wireless

area network or a telecommunications network.

References to ‘computer-readable storage medium’, ‘computer program
product’, ‘tangibly embodied computer program’ etc. or a ‘controller’,
‘computer’, ‘processor etc. should be understood to encompass not only
computers having different architectures such as single /multi- processor
architectures and sequential (Von Neumann)/parallel architectures but also
specialized circuits such as field-programmable gate arrays (FPGA),
application specific circuits (ASIC), signal processing devices and other
devices. References to computer program, instructions, code etc. should be
understood to encompass software for a programmable processor or firmware
such as, for example, the programmable content of a hardware device
whether instructions for a processor, or configuration settings for a fixed-
function device, gate array or programmable logic device etc.

The blocks illustrated in the Figs 1, 6 and 8 may represent steps in a method
and/or sections of code in the computer program 204. The illustration of a
particular order to the blocks does not necessarily imply that there is a
required or preferred order for the blocks and the order and arrangement of
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the block may be varied. Furthermore, it may be possible for some steps to
be omitted.

Although various embodiments of the present invention have been described
in the preceding paragraphs with reference to various examples, it should be
appreciated that modifications to the examples given can be made without
departing from the scope of the invention as claimed.

Features described in the preceding description may be used in combinations
other than the combinations explicitly described.

Although functions have been described with reference to certain features,
those functions may be performable by other features whether described or

not.

Although features have been described with reference to certain
embodiments, those features may also be present in other embodiments
whether described or not.

Whilst endeavouring in the foregoing specification to draw attention to those
features of the invention believed to be of particular importance it should be
understood that the Applicant claims protection in respect of any patentable
feature or combination of features hereinbefore referred to and/or shown in

the drawings whether or not particular emphasis has been placed thereon.
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CLAIMS

We claim:

5 1. A method comprising:
receiving an indication of a disparity range of an object scene from
each of two or more stereoscopic imaging viewpoint pairs;
receiving an indication of a disparity constraint of a stereoscopic
display; and

10 selecting a stereoscopic imaging viewpoint pair whose disparity range
is the largest and whose disparity range satisfies the disparity
constraint of the stereoscopic display.

2. A method as claimed in claim 1, wherein each stereoscopic imaging
15 viewpoint pair comprises two imaging viewpoints.
3. A method as claimed in previous claim 2, further comprising:

receiving an indication of a disparity range of an altered object scene
from each of the two or more stereoscopic imaging viewpoint pairs;

20 selecting a stereoscopic imaging viewpoint pair whose disparity range
is the largest and whose disparity range satisfies the stereoscopic
display’s disparity constraint.

4, A method as claimed in any of previous claims 2 to 3, further

25 comprising: capturing an image from at least one of the imaging
viewpoints.

5. A method as claimed in any of previous claims 2 to 4, further

comprising: storing an image captured from at least one of the imaging
30 viewpoints.
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11.

12.

34

A method as claimed in any of previous claims 2 to 5 further
comprising: storing an image or video output from at least one of the

imaging viewpoints.

A method as claimed in any of previous claims 2 to 6, further
comprising: receiving images captured from each imaging viewpoint of

the selected stereoscopic imaging viewpoint pair.

A method as claimed in any of previous claims 2 to 7, further
comprising: generating stereoscopic content derived from images
captured from each imaging viewpoint of the selected stereoscopic
imaging viewpoint pair.

A method as claimed in of previous claims 2 to 8, further comprising:
transmitting stereoscopic content derived from images captured from
each imaging viewpoint of the selected stereoscopic imaging viewpoint
pair.

A method as claimed in any of previous claims 2 to 9, further
comprising: receiving stereoscopic content derived from images
captured from each imaging viewpoint of the selected stereoscopic

imaging viewpoint pair.

A method as claimed in of previous claims 2 to 10, further comprising:
displaying, on the stereoscopic display, stereoscopic content derived
from images captured from each imaging viewpoint of the selected
stereoscopic imaging viewpoint pair.

A method as claimed in any previous claim, wherein the indication of
the disparity range of the object scene from each of two or more

stereoscopic imaging viewpoint pairs comprises an indication of a
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maximum disparity range of the object scene from each of the two or

more stereoscopic imaging viewpoint pairs.

13. A method as claimed in previous claim 12, wherein the indication of the
maximum disparity range of the object scene from each of two or more
stereoscopic imaging viewpoint pairs comprises an indication of a
measure of a difference between a maximum imaged disparity value
and a minimum imaged disparity value of the object scene from each of
two or more stereoscopic imaging viewpoint pairs, wherein:

the maximum imaged disparity value is a measure of a
difference between:
a position in an image, captured by an imaging device
located at one of the imaging viewpoints of the
stereoscopic imaging viewpoint pair, that represents a
closest object in the object scene and
a position in an image, captured by an imaging device
located at the other imaging viewpoint of the stereoscopic
imaging viewpoint pair, that represents the closest object
in the object scene;
the minimum imaged disparity value is a measure of a difference
between:
a position in an image, captured by the imaging device
located at one of the imaging viewpoints of the
stereoscopic imaging viewpoint pair, that represents a
furthest object in the object scene and
a position in an image, captured by the imaging device
located at the other imaging viewpoint of the stereoscopic
imaging viewpoint pair, that represents the furthest object
in the object scene.

14. A method as claimed in any previous claim, wherein the indication of
the disparity constraint of the stereoscopic display comprises an
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indication of a maximum disparity range of the stereoscopic display
scaled by a scaling factor, and wherein selecting the stereoscopic
imaging viewpoint pair whose disparity range satisfies the disparity
constraint of the stereoscopic display comprises selecting the
stereoscopic imaging viewpoint pair whose disparity range is less than
the scaled maximum disparity range of the stereoscopic display.

A method as claimed in any previous claim, wherein the indication of
the disparity constraint of the stereoscopic display comprises an
indication of a maximum disparity range of the stereoscopic display,
and wherein selecting the stereoscopic imaging viewpoint pair whose
disparity range satisfies the disparity constraint of the stereoscopic
display comprises selecting the stereoscopic imaging viewpoint pair
whose disparity range is less than the maximum disparity range of the
stereoscopic display.

An apparatus comprising:

at least one memory storing computer program instructions;

at least one processor configured to execute the computer program
instructions to cause the apparatus at least to perform:

receiving an indication of a disparity range of an object scene from
each of two or more stereoscopic imaging viewpoint pairs;

receiving an indication of a disparity constraint of a stereoscopic
display; and

selecting a stereoscopic imaging viewpoint pair whose disparity range
is the largest and whose disparity range satisfies the disparity
constraint of the stereoscopic display.

An apparatus comprising:
at least one memory storing computer program instructions;

at least one processor configured to execute the computer program

PCT/IB2010/051442
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instructions to cause the apparatus at least to perform the method of
any of claims 2 to 15.

A portable handheld device, a user equipment device or a server
comprising the apparatus of any of previous claims 16 to 17.

A computer program that, when run on a computer, performs the

method of any of claims 1 to 15.

A computer readable storage medium encoded with instructions that,
when executed by a processor, performs the method of any of claims 1
to 15.

An apparatus comprising:

means for receiving an indication of a disparity range of an object
scene from each of two or more stereoscopic imaging viewpoint pairs;
means for receiving an indication of a disparity constraint of a
stereoscopic display; and

means for selecting a stereoscopic imaging viewpoint pair whose
disparity range is the largest and whose disparity range satisfies the
disparity constraint of the stereoscopic display.

PCT/IB2010/051442
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