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3D Video Apparatus and Method

Technical Field

The present invention relates to a video apparatus configured to capture 3D video
images for display on a 3D display device, and to a system comprising video
apparatus. The invention also relates to a method for conducting in a video apparatus
and to a computer program product configured to implement a method in a video

apparatus.

Background

Three dimensional video technology continues to grow in popularity, and 3D
technology capabilities have evolved rapidly in recent years. A number of titles are
produced for 3D cinema release each year and 3D enabled home cinema systems are
widely available. 3D video conferencing systems are also available, with real time
capture and display of 3D video content. Research in this sector continues to gain
momentum, fuelled by the success of current 3D product offerings and supported by

interest from industry, academia and consumers.

The term 3D is usually used to refer to a stereoscopic experience, in which an
observer's eyes are provided with two slightly different images of a scene, which
images are fused in the observer’s brain to create an impression of depth. An
anaglyph, shutter or polarized glasses are used to filter a display and present the
different images to the left and right eyes of a viewer. This effect is typically used in 3D
films for cinema release and provides an excellent 3D experience to a stationary
observer. However, stereoscopic technology is merely one technique for producing 3D
video images. A new generation of auto-stereoscopic displays allows the viewer to
experience 3D video without glasses and to perceive 3D video from multiple viewing

positions.

Auto-stereoscopic functionality is enabled by capturing a scene using many different
cameras which observe the scene from different angles or viewpoints. These cameras
generate what is known as multiview video. Suitable displays then project these
different images in slightly different directions, as illustrated for example in Figure 1. A

viewer located in a viewing position in front of the display will be presented with slightly
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different images of the same scene at each eye, which images will be fused in the
viewer’s brain to create the illusion of depth. Multiple views are projected and repeated
at different viewing angles, allowing a viewer to change position in front of the display
and still perceive a smooth 3D effect. The number of views generated for display
typically varies between 7 and 28. In Figure 1, eight views are illustrated, each
repeated at three different viewing angles. The shaded areas of the diagram illustrate
areas where the 3D effect will not be perceived by the viewer, either because one eye
does not receive a view, at the extremities of the viewing angle, or because the two
views received by a viewer’'s eyes do not correspond to create a 3D effect, as is the

case where repeated patterns of views meet.

Multiview video can be relatively efficiently encoded by exploiting both temporal and
spatial similarities that exist in different views. However, even with multiview coding
(MVC), the transmission cost for multiview video can remain prohibitively high. To
address this, current auto-stereoscopic technologies only transmit a subset of the
captured multiple views, typically between 2 and 3 key views selected from among the
available views. To compensate for the missing information, depth and disparity maps
are used to recreate the missing data. From the key video views transmitted and
depth/disparity information, virtual views can be generated at any arbitrary viewing
position, in a process known as view synthesis. Many techniques exist in the literature

to achieve this, depth image-based rendering (DIBR) being one of the most prominent.

A depth map, as used in view synthesis, is simply a greyscale image of a scene in
which each pixel indicates the distance between the corresponding pixel in a video
object and the capturing camera. A disparity map is an intensity image conveying the
apparent shift of a pixel which results from moving from one viewpoint to another. The
link between depth and disparity can be appreciated by considering that the closer an
object is to a capturing camera, the greater will be the apparent positional shift resulting
from a change in viewpoint. A key advantage of depth and disparity maps is that they
contain large smooth surfaces of constant grey levels, making them comparatively

easy to compress for transmission using current video coding technology.

In both stereoscopic and multiview video technologies, the 3D experience of the viewer
is highly dependent upon the physical set up at both the capture side, where the 3D
video is recorded, and the display side, where the 3D video is displayed. At the

capture side, scene and camera parameters are carefully chosen to provide the best
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user experience. These parameters are known as capture parameters, and may for
example include camera baseline distance, focal length, distance to the scene to be
recorded etc. At the display side, the appearance of the transmitted 3D video content
is dependent not only upon the capture parameters but also on what are known as

display parameters, including viewing distance, screen width and display parallax.

In many situations, the capture and display parameters for a segment of 3D video may
be adjusted independently, which can lead to a mismatch between the setup at the
capture and display sides. Such a mismatch can lead to parts of a scene being
perceived too close to a viewer or too far away, such that the eyes diverge when
attempting to observe them. Such extremes of distance render the 3D images difficult
for a viewer to process, resulting in an unpleasant viewing experience and causing eye

strain and fatigue, particularly if displayed over a long period of time.

International Patent Application PCT/EP2011/069942 discloses a video apparatus and
method in which rendering parameters for depth image based rendering are adjusted
at the display side according to at least one parameter of a display on which 3D video
content is to be shown. In this manner, a view may be synthesized which corresponds
to the particular display in question while maintaining the relative depth perception,

thus ensuring a good 3D experience for a viewer.

International Patent Application number PCT/EP2012/071397 discloses a 3D warning
system for quality monitoring in a situation in which 3D video content may be captured
and displayed in real time. The system monitors capture and display parameters and
signals an issue if a mismatch between the capture and display parameters is
identified.

Summary

It is an aim of the present invention to provide a method, apparatus, system and
computer program product which obviate or reduce at least one or more of the

disadvantages discussed above.

According to an aspect of the present invention, there is provided a method for
conducting in an apparatus configured to capture 3D video images for display on a 3D

display device. The method comprises receiving a limiting display parameter
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associated with the 3D display device and adjusting a capture parameter of the video
apparatus according to the received limiting display parameter. The method further
comprises sending video images captured with the adjusted capture parameter to the

3D display device for display.

Embodiments of the present invention thus ensure a good 3D experience for a viewer
by sending a limiting display parameter associated with a destination display device to
a capture apparatus, and adjusting at least one capture parameter according to the
received limiting display parameter. In this manner, it may be ensured that 3D video is
captured in such a manner that it will be suitable for display on the destination 3D
display device, thus ensuring good depth perception and a comfortable viewing

experience.

In some examples, the limiting display parameter may comprise at least one of a

maximum and/or minimum display parallax.

In some examples, receiving a limiting display parameter may comprise receiving a
message including the limiting display parameter. Examples of a received message
may include a Session Description Protocol (SDP) message or a Realtime Transport

Control Protocol (RTCP) message or an H.323 message.

In some examples, the capture parameter may comprise one of focal length, baseline

separation or sensor shift.

In further examples, the apparatus may be associated with a 3D display device and
may be configured to receive 3D images for display from a second video apparatus. In
such examples, the method may further comprise sending a limiting parameter of the
associated 3D display device to the second video apparatus. Accordingly, a single
video apparatus may conduct both capture and receive operations, adjusting a capture
parameter according to a limiting display parameter received from a destination display

device.

In some examples, the method may further comprise checking whether or not 3D video
captured with the existing capture parameters is in accordance with the received

limiting display parameter.
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In other examples, the method may further comprise checking, after adjustment of the
capture parameter, whether or not 3D video captured with the adjusted capture
parameter is in accordance with the received limiting display parameter. If the 3D
video captured with the adjusted capture parameter is not in accordance with the
received limiting display parameter, the method may comprise adjusting at least one
other capture parameter of the video apparatus. If the 3D video captured with the
adjusted capture parameters is still not in accordance with the received limiting display

parameter, the method may comprise sending 2D video content to the display device.

In some examples, the method may further comprise receiving a limiting display
parameter associated with at least one other 3D display device and sending video
images captured with the adjusted capture parameter to the other 3D display device for
display. In such examples, adjusting a capture parameter of the video apparatus may
comprise identifying which of the received limiting display parameters represents a
greater constraint on capture parameters, and adjusting the capture parameter
according to the identified limiting display parameter. In this manner, the method may
accommodate the display of captured 3D video content on multiple display devices, the
video apparatus receiving limiting display parameters from each of the display devices
to which video is to be sent. The apparatus identifies the most limiting of the received
parameters and adjusts the capture parameter according to this most limiting case. In
this manner, it may be assured that the captured video is suitable for display on all of

the display devices to which the video is to be sent.

According to some examples, adjusting a capture parameter may comprise calculating
an adjustment factor range for the capture parameter, wherein the calculation is based
upon the received limiting display parameter and the capture parameter. Adjusting may
further comprise selecting an adjustment factor from the calculated range and applying

the selected adjustment factor to the capture parameter.

In some examples, the adjustment factor range may comprise values of an adjustment
factor resulting in a display parameter in accordance with the received limiting display

parameter.

In some examples, the method may further comprise receiving a screen dimension of
the 3D display device, and the calculation of an adjustment factor range may also be

based upon the received screen dimension.
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In some examples, applying the selected adjustment factor may comprise changing a
physical capture arrangement such that the capture parameter is multiplied by the
selected adjustment factor. This may for example comprise changing the baseline,
focal length or sensor shift of the capture arrangement such that the baseline, focal

length or sensor shift are multiplied by the selected adjustment factor.

In other examples, applying the selected adjustment factor may comprise selecting a
view from an existing multiview set in which the capture parameter is multiplied by the
selected adjustment factor. In still further examples, if for example an existing view in
which the capture parameter is multiplied by the selected adjustment factor is not
available, applying the selected adjustment factor may comprise synthesizing a view in

which the capture parameter is multiplied by the selected adjustment factor.

According some examples, the calculation of an adjustment factor range may also be
based upon at least one other capture parameter. The at least one other capture
parameter may comprise one or more of maximum depth, minimum depth, maximum
disparity, minimum disparity, sensor shift, focal length, baseline separation and/or

sensor width.

According to some examples, the method may further comprise checking that the
selected adjustment factor is within an acceptable apparatus limit. If the selected
adjustment factor is not within an acceptable apparatus limit, the method may further
comprise selecting an adjustment factor within an acceptable apparatus limit that is
closest to the calculated range, applying the selected adjustment factor to the capture
parameter and conducting the steps of calculating an adjustment factor range,
selecting an adjustment factor from the calculated range, and applying the selected
adjustment factor for at least one other capture parameter of the video apparatus. The
calculation of the adjustment factor range for the at least one other capture parameters
may be based upon the received limiting display parameter, the adjusted capture
parameter and the at least one other capture parameter. In this manner, examples of
the present invention may account for situations in which a calculated adjustment factor
range indicates a parameter change of a magnitude that is undesirable or unsupported
by the capture apparatus. In such situations, a second capture parameter may also be
adjusted in order to arrive at a capture situation that is compatible with the limiting

display parameter or parameters of a destination display apparatus.
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According to another aspect of the present invention, there is provided a computer
program product which, when run on a computer, causes the computer to carry out a

method according to the first aspect of the present invention.

According to another aspect of the present invention, there is provided a video
apparatus configured to capture 3D video images for display on a 3D display device.
Examples of the apparatus may comprise a receiving unit configured to receive a
limiting display parameter associated with the 3D display device, an adjusting unit
configured to adjust a capture parameter of the video apparatus according to the
received limiting display parameter, and a sending unit configured to send video
images captured with the magnified capture parameter to the 3D display device for

display.

In some examples, the limiting display parameter may comprise at least one of a

maximum and/or minimum display parallax.

In some examples, the receiving unit may be configured to receive a message
including the limiting display parameter. Examples of such received messages may
include a Session Description Protocol (SDP) message or a Realtime Transport

Control Protocol (RTCP) message or an H.323 message.

In some examples, the capture parameter may comprise at least one of focal length,

baseline separation and/or sensor shift.

In some examples, the apparatus may be associated with a 3D display device and may
be configured to receive 3D images for display from a second video apparatus. In such
examples, the sending unit may be configured to send a limiting parameter of the

associated 3D display device to the second video apparatus.

In some examples, the apparatus may further comprise a first checking unit configured
to check whether or not 3D video captured with the existing capture parameters is in

accordance with a limiting display parameter received by the receiving unit.

In further examples, the first checking unit may also be configured to check, after

adjustment of the capture parameter by the adjusting unit, whether or not 3D video
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captured with the adjusted capture parameter is in accordance with a limiting display

parameter received by the receiving unit.

In some examples, the receiving unit may be further configured to receiving a limiting
display parameter associated with at least one other 3D display device; and the
sending unit may be further configured to send video images captured with the
adjusted capture parameter to the other 3D display device for display. The receiving
unit may further comprise an identification unit configured to identify which of the
limiting display parameters received by the receiving unit represents a greater

constraint on capture parameters.

In some examples, the adjusting unit may comprise a calculating unit configured to
calculate an adjustment factor range for the capture parameter of the video apparatus,
wherein the calculation is based upon the received limiting display parameter and the
capture parameter. The adjusting unit may further comprise a selecting unit configured
to select an adjustment factor from the calculated range and an application unit

configured to apply the selected adjustment factor to the capture parameter.

In some examples, the adjustment factor range may comprise values of an adjustment
factor resulting in a display parameter in accordance with the received limiting display

parameter.

According to some examples, the receiving unit may be further configured to receive a
display screen dimension, and the calculation unit may be further configured to base
the calculation of magnification factor range upon the received display screen

dimension.

According to some examples, the application unit may be configured to change a
physical capture arrangement such that the capture parameter is multiplied by the

selected adjustment factor.

In other examples, the application unit may be configured to select a view from an
existing multiview set in which the capture parameter is multiplied by the selected
adjustment factor. In still further examples, if for example an existing view in which the

capture parameter is multiplied by the selected adjustment factor is not available, the
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application unit may be configured to synthesize a view in which the capture parameter

is multiplied by the selected adjustment factor.

In some examples, the calculating unit may be further configured to base the
calculation of the adjustment factor range upon at least one other capture parameter.
The at least one other capture parameter may comprise one or more of: maximum
depth, minimum depth, maximum disparity, minimum disparity, sensor shift, focal

length, baseline separation and/or sensor width.

According to some examples, the adjustment unit may further comprise a second
checking unit configured to check that the selected adjustment factor is within an
acceptable apparatus limit. The second checking unit may further be configured such
that, if the selected adjustment factor is not within an acceptable apparatus limit, the
second checking unit instructs the selecting unit to select an adjustment factor within
an acceptable apparatus limit that is closest to the calculated range; and instructs the
calculating, selecting and application units to calculate an adjustment factor range,
select an adjustment factor from the calculated range, and apply the selected
adjustment factor for at least one other capture parameter of the video apparatus. The
calculating unit may be configured to base the calculation upon the received limiting
display parameter, the adjusted capture parameter and the at least one other capture

parameter.

According to another aspect of the present invention, there is provided a system for 3D
video capture and display, the system comprising a first video apparatus configured to
capture 3D video images and a second video apparatus associated with a 3D display
device configured to display 3D video images. The second video apparatus may be
configured to receive 3D images for display from the first video apparatus and to send
a limiting display parameter of the 3D display device to the first video apparatus. The
first video apparatus may be configured to receive the limiting display parameter from
the second video apparatus, adjust a capture parameter of the first video apparatus,
and send video images captured with the adjusted capture parameter to the second

video apparatus for display.

Features disclosed in connection with one aspect, embodiment or example of the
present invention may be combined or incorporated in another aspect, embodiment or

example of the present invention.
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Brief description of the drawings

For a better understanding of the present invention, and to show more clearly how it

may be carried into effect, reference will now be made, by way of example, to the

following drawings in which:

Figure 1 illustrates a multiview display scheme;

Figure 2 illustrates a stereoscopic camera setup;

Figure 3 illustrates positive, zero and negative parallax;

Figure 4 illustrates a stereoscopic display setup;

Figure 5 is a flow chart illustrating steps in a method for a video apparatus;

Figure 6 is a block diagram illustrating functional elements of a video apparatus;

Figure 7 is a flow chart illustrating steps in another example of method for a video

apparatus;

Figure 8 illustrates a change in focal length for a stereoscopic camera setup;

Figure 9 illustrates a change in baseline separation for a stereoscopic camera setup;

Figure 10 illustrates a change in sensor shift for a stereoscopic camera setup;

Figure 11 is a flow chart illustrating steps in another example of method for a video

apparatus.

Figure 12 is a block diagram illustrating functional elements of another example of a

video apparatus; and

Figure 13 is a schematic representation of a system comprising first and second video

apparatus.
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Detailed Description

The present invention provides a method, computer program product and apparatus
that enable adjustment of 3D capture parameters according to limiting display
parameters at a device or devices on which the captured 3D video content is to be
displayed. A video apparatus configured to capture 3D video images receives from a
destination display device a limiting display parameter of that display device. The
video apparatus then adjusts a capture parameter of the video apparatus according to
the received limiting display parameter and sends video images captured with the
adjusted capture parameter to the 3D display device for display. The method,
computer program product and apparatus of the present invention thus allow for real
time adjustment of 3D video capture parameters so as to avoid a conflict between
capture and display parameters, and so improve the 3D viewing experience of an
observer watching the captured 3D video content. The invention may be applied for
example in 3D video conferencing systems, where real time capture and display of 3D

video content is required.

In order to provide context for the following disclosure, a brief discussion of 3D camera
and display geometry is given below. For the purposes of explanation, the following
discussion, as well as many of the embodiments described below, is illustrated with
respect to a stereo camera setup. However, it will be appreciated that similar principles

may be applied to setups involving multiple cameras and depth plus image cameras.

Figure 2 illustrates a common arrangement for a stereo camera 10. According to this
arrangement, known as a parallel sensor-shifted setup, convergence of the two
cameras 10a, 10b is established by a small shift of magnitude h/2 of each of the
camera sensor targets. This setup has been found to provide better stereoscopic
quality than the often used toed-in setup, in which the two cameras are inward-rotated

until the convergence is established.

Each of the cameras 10a, 10b has a focal length fand the distance between the optical
centres of the two cameras, known as the baseline, baseline distance or baseline
separation, is t.. The distance from the camera optical centres to the convergence
plane 12, known as the convergence distance, is Z¢. A point 14 on a captured object is

at a distance or depth Z from the cameras. Each camera 10a, 10b captures an image
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of the same scene containing objects at varying depth Z. Points on each captured
image will appear in different places on the two captured images, owing to the different
arrangements of the cameras 10a, 10b. The distance between point 16a in the left
image and point 16b in the right image, each corresponding to the same point 14 on a
captured object, is called the disparity d.

The above discussed parameters are referred to collectively as capture parameters,
and are mathematically related. The following expression may be derived relating
these capture parameters:
10

t.f 1 1 :
d=h——=-=t f(——— Equation (1

CECA Z ~) q (1)
As can be seen from Figure 2, points on objects captured at the convergence plane,
that is at a depth of Z=Z., have zero disparity, appearing at exactly the same position

on the left and right images. This property allows the derivation of the following

expression:
t
h= éf Equation (2)

c

Points on objects captured at depths less than that of the convergence plane, Z<Z. can
be seen to have negative values of disparity, while points captured at depths Z>Z. can

be seen to have positive values of positive disparity.

As discussed above, stereoscopic 3D displays create the impression of depth by
showing simultaneously the two slightly different images captured by the left and right
cameras 10a, 10b to the left and the right eyes of a viewer. Both images are presented
on a display screen and a mechanism is used to display a different image to each eye
of a viewer. This mechanism may for example include polarization filters on the screen
and corresponding glasses for the viewer. An important parameter that controls the
perception of depth experienced by the viewer in watching these images is the so-
called screen parallax P, which represents the spatial distance between corresponding
points in the left and the right view as they appear on a display screen. The depth
perception experienced by the viewer with respect to each point on the captured scene
is dependent upon many parameters but the key factors are the type and amount of

parallax.
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Different types of parallax are illustrated in Figure 3. Figure 3a illustrates positive
parallax, according to which a point in the right-eye view appears on the screen to the
right of the corresponding point in the left-eye view. Positive parallax gives an
impression of an object 14 that is at a depth greater than that of the screen 20, in so-
called screen space. Figure 3b illustrates zero parallax, according to which a point in
the right-eye view appears on the screen at exactly the same position as the
corresponding point in the left-eye view. Objects 14 having zero parallax appear to the
viewer to be at the same depth as the screen. Figure 3c illustrates negative parallax,
according to which a point in the right-eye view appears on the screen to the left of the
corresponding point in the left-eye view. Negative parallax gives an impression of an

object that is at a depth less than that of the screen, in so-called viewer space.

It will be appreciated that object disparity d on the capture side, and object parallax P

on the display side are analogous, and may be linked by the following expression:

Equation (3)

Where Wy, is the display or screen width on the display side and W5 is the sensor width
on the capture side. Sy is defined as the magnification factor linking capture and

display geometries.

Figure 4 illustrates a common arrangement for 3D stereo display. The arrangement
comprises a screen 20 which simultaneously displays left and right images and
includes a mechanism for presenting a different image to each eye 22a, 22b of a
viewer. As discussed above, the separation of image points on the left and right image
representing the same point on a captured object is the parallax P. The distance
between the viewer’s eyes is known as the inter-ocular distance and represented as t.
and the viewer is considered to be positioned at a viewing distance Z, from the screen.
The ideal viewing distance may vary according to screen size. For example, in the
case of High Definition (HD) resolutions, the best viewing distance is usually
considered to be 3 times the screen height. This constant factor may however be
different for different screen resolutions and may also vary according to display

technology.

The following expression may be derived for the perceived depth Z, of an object point:
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Z =Zb e Equation (4)

The effects of positive, negative and zero parallax can be appreciated from the above
equation; objects with a positive parallax being perceived to be in the screen space
(Z,>Zp), objects with zero parallax appearing on the screen surface (Z,=Zp), and

objects with negative parallax appearing in viewer space (Z,<Zp).

A 3D display is characterized by a parallax range [Pnin, Pmax] Over which 3D viewing is
comfortable. The maximum value of parallax that human eyes can process without
diverging is equal to the inter-ocular distance, i.e., Pnax=fe. However, the inter-ocular
distance represents a limiting case which often does not equate to comfortable viewing
in real stereo setups, where the furthest objects are typically placed at some lesser
distance comfortable for viewers. The minimum value of parallax for a display may be
approximated by the expression: Pupin=te - ZpAQuw, Where Aogw is the total
convergence angle. The total convergence angle is itself the sum of the two vergence
ranges, one for the viewer space in front of the display and one for the screen space
behind the display. An established rule of thumb is to set A to 0.02 rad. Although
this figure is conservative based on current knowledge, it offers a safe estimate.
Different display apparatus may have other recommended values for P, Screen
parallax values that are outside the recommended parallax range can be tolerated for
short periods of time, but they are not recommended for extended viewings as they

lead to discomfort and fatigue for the viewer.

Figure 5 illustrates steps in a method 100 for conducting in an apparatus configured to
capture 3D video images for display on a 3D display device in accordance with an
embodiment of the present invention. In a first step 120 of the method, the apparatus
receives a limiting display parameter associated with the 3D display device. The
limiting display parameter may for example be a maximum and/or minimum display
parallax of the 3D display device. The apparatus then proceeds at step 140 to adjust a
capture parameter of the video apparatus according to the received limiting display
parameter. The capture parameter may for example comprise one or more of camera
focal length, baseline distance and/or sensor shift. According to some examples,
adjusting a capture parameter according to the receiving limiting display parameter
may comprise calculating an adjustment factor range for the capture parameter and

selecting an adjustment factor from the calculated range. This process is discussed in
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further detail with reference to Figures 7 to 10 and 11 below. Finally, at step 160, the
apparatus sends video images captured with the adjusted capture parameter to the 3D

display device for display.

The method 100 may be carried out on a video apparatus 200, functional units of which
are illustrated in Figure 6. The apparatus 200 may execute steps of the method 100 for
example according to computer readable instructions received from a computer
program. The apparatus 200 comprises a receiving unit 220, configured to receive a
limiting display parameter associated with a display device, an adjusting unit 240,
configured to adjust a capture parameter of the video apparatus according to the
received limiting display parameter, and a sending unit 260, configured to send video
images captured with the adjusted capture parameter to the 3D display device for
display. It will be understood that the units of the apparatus are functional units, and

may be realised in any appropriate combination of hardware and/or software.

Figure 7 illustrates steps in another method 300 for conducting in an apparatus
configured to capture 3D video images for display on a 3D display device in
accordance with an embodiment of the present invention. The method 300 illustrates
one example of how the steps of the method 100 may be further subdivided in order to
realise the functionality discussed above. The method 300 also comprises additional
steps which may be conducted in accordance with embodiments of the present

invention.

In a first step 320 of the method 300, the apparatus receives limiting display
parameters maximum parallax Ppax and minimum parallax P, associated with the 3D
display device. The apparatus also receives the display width Wy of the 3D display
device. The apparatus then proceeds, at step 328 to calculate an adjustment factor
range for a capture parameter of the apparatus. At step 330 the apparatus selects an
adjustment factor from the calculated range and at step 340a the apparatus applies the
selected adjustment factor to the capture parameter. Finally, at step 360, the
apparatus sends images captured with the adjusted capture parameter to the 3D

display device.

As discussed above, the capture parameter to be adjusted may comprise one or more

of a camera focal length, baseline distance between cameras and/or camera sensor
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shift. Calculation of adjustment factor ranges for each of these parameters is

discussed below with reference to Figures 8, 9 and 10.

Figure 8 illustrates the effect that may be achieved by adjusting camera focal length at
the capture side. Adjusting camera focal length (i.e. the zoom of the camera) is one
way in which depth perception in the captured video images may be adjusted, so
rendering the images more comfortable for viewing on a particular display device.
Figure 8 illustrates two cameras 10a, 10b of a stereo camera setup. In the first
illustrated arrangement of Figure 8, the cameras 10a, 10b have a focal length f4, giving
rise to a convergence plane at depth Z¢4. In the second illustrated arrangement, the
focal length of the cameras 10a, 10b has been adjusted to f, = ofy, where a is an
adjustment factor for the focal length and the sensor shift h and baseline distance t.
remain unchanged. The changed focal lengths give rise to a convergence place at a
second depth Z¢,. In the arrangements illustrated in Figure 8, the adjustment factor a
is positive, leading to a convergence plane post adjustment that is at a greater depth

than the initial convergence plane.

Simple geometry can be used to prove that Z.,=aZ.,. The following expressions can
also be derived from the above relation and the equations developed above relating

capture and display geometry for a stereo 3D setup:

b _Z-aZ, Equation (5)
77
and:
St f 25
P -R=—1(1-a) Equation (6)

From equation (6), it can be shown that P, < P, for a = 1. Thus by increasing the focal
length (positive values of the adjustment factor a causing the cameras to zoom in on
the captured scene) the parallax of the captured images may be reduced. Three
distinct cases may be identified for positive values of the adjustment factor a,
distinguished by the position of a captured object relative to the initial and post

adjustment convergence planes.

Objects that appeared in viewer space before the adjustment: Z< Zc4 had negative

initial values of Parallax P,. For these objects, the parallax post adjustment P, is more
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strongly negative, indicating that these objects appear even closer to the viewer

following the adjustment: P, < P;< (.

Some objects that appeared in screen space before the adjustment appear in viewer
space following adjustment. This change in the type of parallax applies to objects at a
depth falling between the initial and post adjustment convergence planes, that is
objects at depths Z satisfying the expression: Z¢1 £ Z<a Z¢y. These objects change
from having positive values of parallax P4 before the adjustment to negative values of

parallax P, post adjustment: P, <0 < P,.

Finally, distant objects in screen space before the adjustment remain in screen space
after the adjustment but appear closer to the viewer. That is objects having a depth Z
greater than the post adjustment convergence plane: Z 2 a Z¢4, have post adjustment
parallax vales P, that remain positive but are reduced compared to the pre adjustment

values P1: 0< P,< Py.

The effect of increasing the focal length (positive values of the adjustment factor a) is
thus to make objects appear closer to the viewer. The limiting case for positive values
of a is therefore the first case discussed above, as if a becomes too great, the post
adjustment parallax P, may approach the minimum recommended value for a particular
display, at which point the viewer's eyes diverge and can no longer process the images
in 3D.

Considering this limiting case, and in the limit of P, approaching Py, the following

expression can be developed from equation (6), substituting P,=P,:

P=P Syt Sy (1-a) Equation (7)

min

tC‘
Z

Combining equation (7) with equation (5) produces the following expression for the
adjustment factor a:

S, h—P.
o =2 ——mn 7 Equation (8)

SMtcﬁ
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Thus the amount by which the cameras may zoom in (limiting positive values of a) is

determined by object depth, and maximum positive value for a should not therefore

exceed:
o= Suh =P 5 Equation (9)
SMtcfi

Equation (9) may take different forms if equation (2) above connecting h, t., and fis

taken into account.

Returning again to equation (6), it may also be appreciated that P, > P;for a < 1. Thus
by reducing the focal length (negative values of the adjustment factor a causing the
cameras to zoom out of the captured scene) the parallax of the captured images may
be increased. This is the reverse of the situation illustrated in Figure 8, with the
convergence plane post adjustment being at a lesser depth than the convergence
plane before adjustment. Three distinct cases may also be identified for negative
values of the adjustment factor a, distinguished by the position of a captured object

relative to the initial and post adjustment convergence planes.

Objects that appeared in screen space before the adjustment: Z = Z¢, had positive
initial values of Parallax P,. For these objects, the parallax post adjustment P, is more
strongly positive, indicating that these objects appear even farther from the viewer

following the adjustment: 0 < P; < P..

Some objects that appeared in viewer space before the adjustment appear in screen
space following adjustment. This change in the type of parallax applies to objects at a
depth falling between the initial and post adjustment convergence planes, that is
objects at depths Z satisfying the expression: a Z¢q < Z< Z¢y. These objects change
from having negative values of parallax P4 before the adjustment to positive values of

parallax P, post adjustment: P; < 0 < P,.

Finally, close objects in viewer space before the adjustment remain in viewer space
post adjustment but appear less close to the viewer. That is objects having a depth Z
less than the post adjustment convergence plane: Z < a Z¢4, have post adjustment
parallax vales P, that remain negative but are less strongly negative than the pre

adjustment values Pq: P; < P,< 0.
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The effect of reducing the focal length (negative values of the adjustment factor a) is
thus to make objects appear farther away from the viewer. The limiting case for
positive values of a is again the first case discussed above, as if a becomes too small,
5 the post adjustment parallax P, may approach the maximum recommended value for a
particular display, at which point the viewer's eyes diverge and can no longer process

the images in 3D.

Considering this limiting case, and in the limit of P, approaching Pnax, the following

10  expression can be developed from equation (6), substituting P,=Ppax:

P=P__ —%(1—(1) Equation (10)
Combining equation (10) with equation (5) produces the following expression for the

15  adjustment factor a:

—-P Equation (11
o = Suh =P q (11)
SMtcfi

20  Thus the amount by which the cameras may zoom out (limiting negative values of a) is
also determined by object depth, and minimum negative value for a should always

therefore exceed:

_Suh =Py , Equation (12)

By combining the two limiting cases considered above, for positive and negative values

of a, the following range for a may be determined:

S, h—P S h—P.
M —mx 7 < <A mingy Equation (13)
SMtcfi SMtcﬁ

Equation (13) above defines the range within which the adjustment factor a will result in
images captured with a disparity that will result in a parallax on a given display device
that falls within the maximum and minimum limits of the display device. The capture
35 parameters Z,,, and Z,.x (equivalently dn;, and dnax), h, L, f and Ws are known at the

capture side as they relate to the setup of the capture apparatus. The limiting display
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parameters P, and P, and the display width Wp are received at the capture side
according to aspects of the present invention. Equation (13) may therefore be used to
calculate an adjustment factor range for camera focal length at step 328 of the method
300.

Figure 9 illustrates the effect that may be achieved by adjusting baseline distance at
the capture side. Adjusting baseline distance is another way in which depth perception
in the captured video images may be adjusted, so rendering the images more
comfortable for viewing on a particular display device. Figure 9 illustrates two cameras
10a, 10b of a stereo camera setup. In the first illustrated arrangement of Figure 9, the
cameras 10a, 10b are separated by a baseline distance t.q, giving rise to a
convergence plane at depth Z¢4. In the second illustrated arrangement, the baseline
distance has been adjusted to #.,=f t., where B is an adjustment factor for the
baseline distance and the sensor shift h and focal length f remain unchanged. The
changed baseline distance gives rise to a convergence place at a second depth Zc,. In
the arrangements illustrated in Figure 9, the adjustment factor 8 is positive, leading to a
convergence plane post adjustment that is at a greater depth than the initial

convergence plane.

Simple geometry can be used to prove that Z., = 8Z.;. The following expressions can
also be derived from the above relation and the equations developed above relating

capture and display geometry for a stereo 3D setup:

£ _Z-BZ, Equation (14)

R Z-%

and:

P,—P :%(l—ﬁ) Equation (15)

30
From equation (15), it can be shown that P, < P, for 8 = 1. Thus by increasing the
baseline distance (positive values of the adjustment factor () the parallax of the
captured images may be reduced. As in the case of adjusted focal length, the same
three distinct cases may be identified for positive values of the adjustment factor j3,

distinguished by the position of a captured object relative to the initial and post
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adjustment convergence planes. These cases are not discussed again in detail but

may be summarized by the following expressions:

For objects at Z < Z¢¢ post adjustment parallax becomes more strongly negative

5 (objects in viewer space appear even closer): P, < P;< (.

For objects at depths between the pre and post adjustment convergence planes Z¢1£Z
< BZc4, parallax changes type with adjustment of baseline distance, switching form
positive to negative (objects switch from screen to viewer space): P, < 0 < P4.

10
For objects at Z = 8 Z¢y post adjustment parallax becomes less strongly positive

(objects in screen space remain in screen space but appear closer): 0 £ P, < P;.

The effect of increasing the baseline distance (positive values of the adjustment factor
15 ) is thus to make objects appear closer to the viewer. The limiting case for positive
values of 8 is again the first case discussed above, as if B becomes too great, the post
adjustment parallax P, may approach the minimum recommended value for a particular
display, at which point the viewer's eyes diverge and can no longer process the images
in 3D.
20
Considering this limiting case, and in the limit of P, approaching Py, the following

expression can be developed from equation (15), substituting P,=P:

Syt
PIZP _Mclf

e T (1-58) Equation (16)

25
Combining equation (16) with equation (14) above produces the following expression
for the adjustment factor (3:

—P.
:MZ Equation (17)

St
Mclf30

Thus the amount by which the stereo cameras may be separated (limiting positive
values of B) is also determined by object depth, and maximum positive values for (3

should not therefore exceed:

B= M@S}m Equation (18)
SMtclf
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As previously, equation (18) may take different forms if equation (2) above connecting
h, t., and fis taken into account.

Returning again to equation (15), it may also be appreciated that P, > P; for B < 1.
Thus by reducing the baseline distance (negative values of the adjustment factor ) the
parallax of the captured images may be increased. This is the reverse of the situation
illustrated in Figure 9, with the convergence plane post adjustment being at a lesser
depth than the convergence plane before adjustment. As previously, three distinct
cases may be identified for negative values of the adjustment factor 8, and the limiting
case may be developed in a manner substantially analogous to that described above to
arrive at a limiting range for values of 3 over which the parallax of the captured images
remains within the boundaries of Pax and Pyin:

S h_Pmax S h_])min
7 W <B SM—Z&n Equation (19)
SMtclf

SMtcl
As for adjustment of focal length, the capture parameters Z,,, and Z,., (equivalently
dmin and dnay), h, L, f1 and Ws are known at the capture side, relating to the setup of the
capture apparatus. The limiting display parameters P,,, and P, and the display width
Wy are received at the capture side according to aspects of the present invention.
Equation (19) may therefore be used to calculate an adjustment factor range for

baseline separation at step 328 of the method 300.

Figure 10 illustrates the effect that may be achieved by adjusting camera sensor shift at
the capture side. Adjusting sensor shift is another way in which depth perception in the
captured video images may be adjusted, so rendering the images more comfortable for
viewing on a particular display device. Figure 10 illustrates two cameras 10a, 10b of a
stereo camera setup. In the first illustrated arrangement of Figure 10, the cameras
10a, 10b are set up to have a sensor shift h;, giving rise to a convergence plane at
depth Z¢4. In the second illustrated arrangement, the sensor shift has been adjusted to
h, = yh;, where y is an adjustment factor for the sensor shift and the baseline distance
t. and focal length f remain unchanged. The changed sensor shift gives rise to a
convergence place at a second depth Z¢,. In the arrangements illustrated in Figure 10,
the adjustment factor y is positive, leading to a convergence plane post adjustment that

is at a lesser depth than the initial convergence plane.
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Z

ZC2 —~a

Simple geometry can be used to prove that: Y . The following expressions can
also be derived from the above relation and the equations developed above relating

capture and display geometry for a stereo 3D setup:
b = 1 Equation (20)

A

and:

P,—PF =8,/h(y —1) Equation (21)

As for the cases of focal length and baseline adjustment, it can be shown from the
above equations that P, = P, fory = 7 that P, < P; for y < 1. Thus for positive values of
the adjustment factor y parallax is increased, while for negative values of the
adjustment facto y parallax is reduced. In a manner analogous to that described above
for focal length and baseline adjustment, key limiting cases can be identified for
positive and negative values of y in which the post adjustment parallax P, approaches
Pmax @nd Pnin. These limiting cases give rise to the following expressions for limiting

positive and negative values of y:

P .
y <o 120 Equation (22)
SMhl Zmaxhl
and
Y2 Fon +L Equation (23)

Suhy Zughh

Equations (22) and (23) may be combined to arrive at a limiting range for values of y

over which the parallax of the captured images remains within the boundaries of Ppax

and Ppin:
P. l‘f P ff
B <y < R .
Syl Zoh 4 Suh, stax% Equation (24)

As for adjustment of focal length and baseline distance, the capture parameters Z,;,
and Z..x (equivalently dmin and dnex), h, t., f and Ws are known at the capture side, as
they relate to the setup of the capture apparatus. The limiting display parameters P,

and P..x and the display width Wy are received at the capture side according to
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aspects of the present invention. Equation (24) may therefore be used to calculate an

adjustment factor range for baseline separation at step 328 of the method 300.

Referring again to Figure 7, after calculating a range for a capture parameter
adjustment factor substantially as described above, an adjustment factor is selected
from the range in step 330 and applied to the relevant capture parameter in step 340a.
An adjustment factor may be selected from the range according to any appropriate
selection criteria, as determined for example by a manufacturer or operator of the
apparatus. In one example, a factor may be selected from the calculated range so as
to require a minimum of adjustment from the existing setup. In another example, a
factor may be selected to be an integer value, or to facilitate adjustment of the capture

parameter.

Applying the selected adjustment factor may comprise making a physical change to the
capture set up, so as to adjust the camera focal length, baseline distance or sensor
shift to be equal to the previous value multiplied by the selected adjustment factor.
This physical change may be automated or may for example be conducted by an
operator of the apparatus under instruction from the apparatus. In some examples in
which mutliview video is captured, applying the adjustment factor may comprise
selecting or synthesising a view in which the relevant capture parameter is multiplied
by the selected adjustment factor. For example, if the selected adjustment factor is an
integer value, it may be that a view in which the relevant capture parameter is
multiplied by the adjustment factor is available among the recorded views. Applying
the selected adjustment factor may therefore comprise selecting this view for sending
to the 3D display device. In other examples, a view in which the adjustment factor is
applied may not be immediately available, and applying the adjustment factor may
comprise synthesising a view in which the relevant capture parameter is multiplied by

the selected adjustment factor.

In some examples of the invention, it may be the case that a single video apparatus is
configured both to capture 3D images for sending and to receive 3D images for display.
This may be the case for example in a 3D video conferencing arrangement, in which
simultaneous capture of images for sending and display of received images is required.
An example of such an arrangement is illustrated in Figure 13, which shows a system
800 in which two video apparatus 600, 700 and associated display screens 680, 780

exchange limiting display parameters and captured video images. The exchange of
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limiting display parameters enables adjustment of capture parameters at each
apparatus and so ensures that the captured video images may be comfortably viewed

in 3D on the relevant display screens.

It may also be the case that multiple parties are involved in a single video conferencing
session, and therefore that video captured at a single apparatus is to be sent to
multiple destinations. Video may also be received at the apparatus from multiple
destinations for simultaneous display on a 3D display associated with the apparatus.
According to aspects of the present invention, a video apparatus may be configured to
receive limiting display parameters from multiple display devices to which captured
video is to be sent, to identify from among the received limiting parameters those
parameters representing the most limiting scenario and to select those parameters for
subsequent processing. One way in which embodiments of the present invention may
address the multi party scenario, as well as optimising adjustment of capture

parameters, is discussed below with reference to Figure 11.

Figure 11 illustrates steps in another method 400 for conducting in an apparatus
configured to capture 3D video images for display on a 3D display device in
accordance with an embodiment of the present invention. The method 400 illustrated
in Figure 11 is suitable for implementation for example in a setup in which a single
video apparatus is configured both to capture and receive video images for display,
and to cooperate with multiple other video apparatus devices in a multi party

arrangement such as multi party 3D video conferencing.

Referring to Figure 11, in a first step 405, the apparatus sends a message containing,
inter alia, the display width Wp and maximum and minimum parallax Pmax, Pmin for a 3D
display device with which the apparatus is associated. The message may be in one of
a number of suitable formats and exchange of the message may form part of the setup
procedures for establishing exchange of video content and other signals. In some
examples the message may be a Session Description Protocol (SDP) message or a
Realtime Transport Control Protocol (RTCP) message or an H.323 message. In the
illustrated example, the message is an SDP message. The SDP message containing
Wp, Pmax @and Py is sent to all parties from whom the apparatus will be receiving video

images for display.
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In a second step 410, the apparatus receives captured video images from other parties
for display on its associated 3D display device. It will be appreciated that the step of
receiving images for display may be ongoing, and that images may be received and
displayed concurrently with the following steps described below, which relate to the

process of capturing images at the video apparatus.

In a next step 420a, the apparatus receives messages from all parties to whom
captured video images will be sent. As discussed above, these messages may take
various different forms but in the illustrated example take the form of SDP messages.
At step 420b, the apparatus extracts from the received messages the display
parameters Wp, Pnax and Puin.  The apparatus then identifies, at step 422, the
extracted display parameters representing the most limiting display situation. It will be
appreciated that in many multi party exchange situations, the 3D display devices to
which video images are sent may vary considerably, and the limiting display
parameters associated with those display devices may thus also vary. In order to
ensure that captured video images are suitable for display on all of the destination
display devices, the apparatus identifies the most limiting parameters, associated with
the most limiting display device, and proceeds to adjusted capture parameter(s) on the
basis of this most limiting set of constraints. For example, the moist limiting value of
Wp may be the smallest value. The most limiting value of Pp.x may also be the
smallest value of Pnax, and the most limiting value of Pmin may be the largest value of
Pmin- By identifying the combination of Wp, Pnax and Pnin that represent the most
limiting display situation, and using these parameters for subsequent calculations, the
apparatus ensures that captured video images are suitable for all destination display

devices.

Having identified the most limiting of the received display parameters at step 422, the
apparatus then performs a check to determine whether or not adjustment of capture
parameters is necessary. This may involve checking the disparity for a captured image
or images to determine whether or not that disparity will result in a display parallax on
the most limiting display device that is within the identified limiting Pmax and Ppin values.
It will be appreciated that values of disparity (or parallax on the display side) may be
assessed for each point on each object of an image. In practical terms, disparity or
parallax may be calculated for each pixel of an image to be displayed. The apparatus
thus checks, at step 424 the disparity (or parallax) for each pixel of an image or

images. If the disparity for all pixels results in a display parallax on the most limiting



10

15

20

25

30

35

WO 2014/127841 PCT/EP2013/053704

27

display device that is within the identified limiting values, then no adjustment of capture
parameters is necessary. In practice, if only one or a very small number of pixels are
found to have disparity/parallax outside the limiting values, this is highly unlikely to
affect viewer experience, and adjustment of capture parameters in an effort to ensure
100% of pixels have values falling within the limiting values may be counter productive.
A threshold value may therefore be established for the number or percentage of pixels
which must have disparity/parallax falling within the identified limits for an image to be
considered acceptable. This threshold may be set at any limit deemed appropriate for
a particular application or display device and may for example be in the range 50% -
99% of pixels. If at step 424 the apparatus determines that the number or percentage
of pixels having disparity/parallax within the limiting values is above the threshold
value, (yes at step 424) then the apparatus determines that no adjustment of capture
parameters is necessary, and the apparatus proceeds directly to send captured video

images at step 460.

If the apparatus determines at step 424 that the number or percentage of pixels having
disparity/parallax within the identified limiting values is less than the threshold value
(No at step 424) then the apparatus deems that adjustment of capture parameters is
necessary and proceeds to select a parameter for adjustment at step 426. The
apparatus may be configured with a hierarchy or preferred order in which capture
parameters are selected for adjustment. In some examples, the preferred order for
selection may comprise: (1) baseline distance, (2) sensor shift, (3) focal length.
Baseline distance may be the most desirable capture parameter to adjust in a first
instance as adjusting the baseline distance involves moving a single camera, and does
not involve changing any of the internal set up of a pair of stereo cameras. Focal
length may be the least desirable capture parameter for adjustment as changing the
focal length has the effect of zooming in or out of the scene, thus changing what is

viewed in the scene in addition to the depth perception of the scene.

In some examples, the apparatus may thus first check whether any capture parameter
has already been adjusted (as discussed further below) and may then consult a
memory which may be programmed with a preferred order to determine which capture

parameter should be adjusted.

Having selected a capture parameter for adjustment in step 426, the apparatus

proceeds to calculate an adjustment factor range for the parameter in step 428. This
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calculation is conducted substantially as discussed above with reference to Figures 7
to 10, using the identified most limiting received parameters Wp, Prax, Pmin in equation
(13), (19) or (24). After calculating a range for the adjustment factor, a value for the
adjustment factor is selected from the range at step 430 in accordance with criteria
which may be programmed by a manufacturer of the apparatus or may be determined

or selected by an operator of the apparatus as discussed above.

After selecting an adjustment factor at step 430, the apparatus then checks, at step
432, whether or not the selected adjustment factor is within acceptable limits for the
capture apparatus. In some situations, for example where a highly limiting display
device is to be accommodated, it may be the case that some or all of the calculated
adjustment factor range may correspond to an adjustment of a capture parameter that
is outside the acceptable limits of the capture apparatus. For example some or all of a
calculated range may correspond to a baseline distance that is longer than can be
accommodated, or to a greater sensor shift than can be achieved with the existing

cameras.

If it is discovered in step 432 that the selected adjustment factor is outside acceptable
apparatus limits (No in step 432), then the apparatus proceeds to select an adjustment
factor that is as close as possible to the calculated range while remaining within the
acceptable apparatus limits. This adjustment factor is then applied to the capture
parameter in step 436 and the apparatus returns to step 426 to select another
parameter for adjustment. This flow of events represents a situation where the
adjustment required to accommodate a display device is too great to be achieved by
changing only one capture parameter. A part of the adjustment is therefore
accomplished by adjusting a first capture parameter and the rest of the adjustment is
accomplished by changing a second and if necessary a third capture parameter. In
calculating an adjustment factor range for the second or third parameter in step 428,
the adjusted value for the first (and if appropriate second) capture parameter(s) is
taken into account, in order to ensure that the calculation for the second capture
parameter reflects the progress already made towards achieving the adjustment
required to capture images that will allow for comfortable 3D viewing on the most

limiting 3D display device.

Returning to step 432, if it is determined that the selected adjustment factor is within

acceptable limits for the capture apparatus (yes at step 432), then the apparatus
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proceeds to apply the selected adjustment factor to the relevant capture parameter in
step 440a, resulting in a capture parameter that is multiplied by the adjustment factor.
As discussed above, application of the selected adjustment factor may comprise
making physical changes to the camera setup in a stereo setup or may comprise

selection or synthesis of appropriate views in a multiview setup.

After applying the selected adjustment factor in step 440a, the apparatus then checks
the disparity/parallax of images captured with the new adjusted capture parameter. At
step 442, the apparatus checks whether the percentage or number of pixels falling
within the identified limits is greater than before the adjustment. If this is not the case
(No in step 442) then the adjustment has not improved the situation and the adjustment
is discarded at step 444. After discarding the adjustment, the apparatus checks
whether adjustment of all capture parameters has yet been attempted at step 446. If
adjustment of all parameters has not yet been attempted (No at step 446), the
apparatus returns to step 426 to select a new parameter for adjustment. If however
adjustment of all possible capture parameters has already been attempted (Yes at step
4486), this indicates that it has not been possible to adjust capture parameters in such a
way as to achieve comfortable 3D viewing on the most limiting display device. In this

instance the apparatus reverts to sending 2D video at step 448.

Returning to step 442, if the apparatus determines at step 442 that the number or
percentage of pixels falling within the identified limits is greater than before the
adjustment (Yes at step 442) then the adjustment has improved the situation, and the
apparatus then checks at step 450 whether or not the number or percentage of pixels
falling within the identified limits is above the threshold value for an acceptable image.
If the number or percentage of pixels is not above the threshold value (No at step 450),
then the apparatus reverts to step 446 to check whether adjustment of all parameters
has been attempted and the process flow is followed through steps 426 (select new

parameter) or step 448 (revert to 2D video) as appropriate and as discussed above.

If at step 450 it is determined that the number or percentage of pixels is above the
threshold value (Yes at step 450) this indicates that the adjustment or adjustments
have resulted in capture of images that will afford comfortable 3D viewing on the most
limiting of the display devices to which the images are to be sent. The images may
therefore be sent to all destination display devices in step 460. While sending images

for display, the apparatus continues to check for receipt of a new message containing
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updated limiting display parameters. Although exchange of such messages may
primarily be conducted at the start of a session, periodic update of limiting parameters
may be appropriate as parties enter or leave a session or changes are made to a

display setup.

The above described method may be conducted in an apparatus as illustrated in Figure
12, for example according to instructions received from a computer program stored on
a computer readable medium. Figure 12 illustrates functional units of an apparatus
which may be realised in any combination of hardware and/or software. As illustrated
in Figure 12, the apparatus comprises a receiving unit 520, sending unit 560, a first
checking unit 524 and an adjusting unit 540. The adjusting unit comprises a calculating

unit 528, a selecting unit 530, a second checking unit 532 and an application unit 540a.

The receiving unit 520 is configured to receive messages from other apparatus and to
extract limiting display parameters from such messages. The receiving unit may
further comprise an identification unit 522 for identifying limiting display parameters
representing the most limiting case display device. The receiving unit may also be
configured to receive captured video images from other apparatus. The sending unit
560 is configured to send captured video images to other apparatus and may also be
configured to send received video images to an associated 3D display device for
display. The sending unit may also be configured to send a message or messages
containing limiting display parameters for the associated 3D display device. The first
checking unit 524 is configured to check the number or percentage of pixels in an
image having disparity/parallax within the limits indentified by the identification unit 522
and to compare this number or percentage to a previous value and to a threshold value
as appropriate and as discussed above. The calculating unit 528 is configured to
calculate an adjustment factor range for a capture parameter and the selecting unit 530
is configured to select a factor from the calculated range. The second checking unit is
configured to check whether or not the selected adjustment factor is within acceptable
apparatus limits and the application unit 540a is configured to apply the selected

adjustment factor.

Embodiments of the present invention thus provide a method, computer program
product and apparatus that ensure images captured at an apparatus may be
comfortably viewed in 3D on a destination 3D display device. By signalling limiting

display parameters of the destination display device to the video apparatus, the
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invention allows for the adjustment of capture parameters at the video apparatus,
ensuring the images captured and sent to the destination display device are compatible
with the limits of 3D viewing of the display device. The formulae for calculating a range
of capture parameter adjustment factors corresponding to the limiting display
parameters of the destination display device are developed in the present disclosure

and set out above.

The method of the present invention may be implemented in hardware, or as software
modules running on one or more processors. The method may also be carried out
according to the instructions of a computer program, and the present invention also
provides a computer readable medium having stored thereon a program for carrying
out any of the methods described herein. A computer program embodying the
invention may be stored on a computer-readable medium, or it could, for example, be
in the form of a signal such as a downloadable data signal provided from an Internet

website, or it could be in any other form.

It should be noted that the above-mentioned embodiments illustrate rather than limit
the invention, and that those skilled in the art will be able to design many alternative
embodiments without departing from the scope of the appended claims. The word
“‘comprising” does not exclude the presence of elements or steps other than those
listed in a claim, “@” or “an” does not exclude a plurality, and a single processor or other
unit may fulfil the functions of several units recited in the claims. Any reference signs in

the claims shall not be construed so as to limit their scope.
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CLAIMS

1. A method for conducting in an apparatus configured to capture 3D video images
for display on a 3D display device, the method comprising:

receiving a limiting display parameter associated with the 3D display device;

adjusting a capture parameter of the video apparatus according to the received
limiting display parameter; and

sending video images captured with the adjusted capture parameter to the 3D

display device for display.

2. A method as claimed in claim 1, wherein the limiting display parameter comprises

at least one of a maximum and/or minimum display parallax.

3. A method as claimed in any one of the preceding claims, wherein the capture

parameter comprises one of focal length, baseline separation or sensor shift.

4. A method as claimed in any one of the preceding claims, wherein the apparatus
is associated with a 3D display device and is configured to receive 3D images for
display from a second video apparatus, the method further comprising:

sending a limiting parameter of the associated 3D display device to the second

video apparatus.

5. A method as claimed in any one of the preceding claims, further comprising:
receiving a limiting display parameter associated with at least one other 3D
display device; and
sending video images captured with the adjusted capture parameter to the other
3D display device for display; wherein:
adjusting a capture parameter of the video apparatus comprises:
identifying which of the received limiting display parameters represents a
greater constraint on capture parameters; and
adjusting the capture parameter according to the identified limiting display

parameter.

6. A method as claimed in any one of the preceding claims, wherein adjusting a

capture parameter comprises:
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calculating an adjustment factor range for the capture parameter, the calculation
based upon the received limiting display parameter and the capture parameter;
selecting an adjustment factor from the calculated range; and

applying the selected adjustment factor to the capture parameter.

7. A method as claimed in claim 6, wherein the adjustment factor range comprises
values of an adjustment factor resulting in a display parameter in accordance with the

received limiting display parameter.

8. A method as claimed in claim 6 or 7, further comprising receiving a display
screen dimension of the 3D display device, and wherein the calculation is also based

upon the received display screen dimension.

9. A method as claimed in any one of claims 6 to 8, wherein applying the selected
adjustment factor comprises changing a physical capture arrangement such that the

capture parameter is multiplied by the selected adjustment factor.

10. A method as claimed in any one of claims 6 to 9, wherein applying the selected
adjustment factor comprises selecting a view in which the capture parameter is
multiplied by the selected adjustment factor, or, if such a view is not available,
synthesizing a view in which the capture parameter is multiplied by the selected

adjustment factor.

11. A method as claimed in any one of claims 6 to 10, wherein the calculation is also

based upon at least one other capture parameter.

12. A method as claimed in claim 11, wherein the at least one other capture
parameter comprises: maximum depth, minimum depth, maximum disparity, minimum

disparity, sensor shift, focal length, baseline separation or sensor width.

13. A method as claimed in any one of claims 6 to 12, further comprising:
checking that the selected adjustment factor is within an acceptable apparatus
limit; and
if the selected adjustment factor is not within an acceptable apparatus limit:
(i) selecting an adjustment factor within an acceptable apparatus limit that

is closest to the calculated range;
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(i) applying the selected adjustment factor to the capture parameter; and

(iii) conducting the steps of calculating an adjustment factor range,
selecting an adjustment factor from the calculated range, and applying the selected
adjustment factor for at least one other capture parameter of the video apparatus, the
calculation based upon the received limiting display parameter, the adjusted capture

parameter and the at least one other capture parameter.

14. A computer program product which, when run on a computer, causes the

computer to carry out a method according to any one of the preceding claims.

15. Avideo apparatus configured to capture 3D video images for display on a 3D
display device, the apparatus comprising:

a receiving unit configured to receive a limiting display parameter associated with
the 3D display device;

an adjusting unit configured to adjust a capture parameter of the video apparatus
according to the received limiting display parameter; and

a sending unit configured to send video images captured with the magnified

capture parameter to the 3D display device for display.

16. An apparatus as claimed in claim 15, wherein the apparatus is associated with a
3D display device and is configured to receive 3D images for display from a second
video apparatus, and wherein the sending unit is configured to send a limiting

parameter of the associated 3D display device to the second video apparatus.

17. An apparatus as claimed in claim 15 or 16, wherein the receiving unit is further
configured to receiving a limiting display parameter associated with at least one other
3D display device; and the sending unit is further configured to send video images
captured with the adjusted capture parameter to the other 3D display device for
display; and wherein the receiving unit further comprises an identification unit
configured to identify which of the limiting display parameters received by the receiving

unit represents a greater constraint on capture parameters.

18. An apparatus as claimed in any one of claims 15 to 17, wherein the adjusting unit

comprises:
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a calculating unit configured to calculate an adjustment factor range for the
capture parameter of the video apparatus, the calculation based upon the received
limiting display parameter and the capture parameter;

a selecting unit configured to select an adjustment factor from the calculated
range; and

an application unit configured to apply the selected adjustment factor to the

capture parameter.

19. An apparatus as claimed in claim 18, wherein the receiving unit is further
configured to receive a display screen dimension, and wherein the calculation unit is
further configured to base the calculation of magnification factor range upon the

received display screen dimension.

20. An apparatus as claimed in claim 18 or 19, wherein the application unit is
configured to change a physical capture arrangement such that the capture parameter

is multiplied by the selected adjustment factor.

21. An apparatus as claimed in any one of claims 18 to 20, wherein the application
unit is configured to select a synthesized view in which the capture parameter is
multiplied by the selected adjustment factor, and, if such a view is not available, to
synthesize a view in which the capture parameter is multiplied by the selected

adjustment factor.

22. An apparatus as claimed in any one of claims 18 to 21, wherein the calculating
unit is further configured to base the calculation upon at least one other capture

parameter.

23. An apparatus as claimed in claim 22, wherein the at least one other capture
parameter comprises one of: maximum depth, minimum depth, maximum disparity,

minimum disparity, sensor shift, focal length, baseline separation or sensor width.

24. An apparatus as claimed in any one of claims 18 to 23, wherein the adjusting unit
further comprises:
a second checking unit configured to check that the selected adjustment factor is

within an acceptable apparatus limit; and
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if the selected adjustment factor is not within an acceptable apparatus limit,
configured to instruct the selecting unit to select an adjustment factor within an
acceptable apparatus limit that is closest to the calculated range; and to instruct the
calculating, selecting and application units to calculate an adjustment factor range,
5 select an adjustment factor from the calculated range, and apply the selected
adjustment factor for at least one other capture parameter of the video apparatus, the
calculation based upon the received limiting display parameter, the adjusted capture

parameter and the at least one other capture parameter.

10  25. A system for 3D video capture and display, comprising:
a first video apparatus configured to capture 3D video images; and
a second video apparatus associated with a 3D display device configured to
display 3D video images; wherein the second video apparatus is configured to:
receive 3D images for display from the first video apparatus; and
15 send a limiting display parameter of the 3D display device to the first video
apparatus; and wherein the first video apparatus is configured to:
receive the limiting display parameter from the second video apparatus;
adjust a capture parameter of the first video apparatus; and
send video images captured with the adjusted capture parameter to the second

20  video apparatus for display.
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