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(54) MULTI-CAMERA DISPLAY

(57) This specification relates to a method and ap-
paratus comprising: receiving a first input and a second
input from a front camera and a rear camera respectively
of a user device, wherein: the first input is a video of a
first object having a first orientation with respect to the
front camera, the second input is a video of a second
object having a second orientation with respect to the
rear camera; generating a video output comprising a first

part based on the first input and a second part based on
the second input; and presenting the video output relative
to a viewpoint of a first viewer, such that, at the viewpoint,
the first and second parts of the video output are visible
at the same time and the first object in the first part of the
video output is orientated towards the second object in
the second part of the video output.
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Description

Field

[0001] The present specification relates to capturing
video content using a multi-camera device, such as a
suitable mobile communication device.

Background

[0002] Mobile communication devices may include vid-
eo cameras. Moreover, mobile communication devices
may provide such cameras on both the front and rear of
a mobile communication device (or some other device).
Content from the front and rear camera may then be pre-
sented next to each other. Such a presentation of visual
data may not be an optimally convenient output when
the front and rear cameras are used to capture content
from a first and second people respectively having a di-
alogue.

Summary

[0003] In a first aspect, this specification describes a
method comprising: receiving a first input and a second
input from a front camera and a rear camera respectively
of a user device, wherein: the first input is a video of a
first object having a first orientation with respect to the
front camera, the second input is a video of a second
object having a second orientation with respect to the
rear camera; generating a video output comprising a first
part based on the first input and a second part based on
the second input; and presenting the video output relative
to a viewpoint of a first viewer, such that, at the viewpoint,
the first and second parts of the video output are visible
at the same time and the first object in the first part of the
video output is orientated towards the second object in
the second part of the video output. The viewpoint of the
first viewer may be variable. The first and second inputs
may be received at the same time. The user device may
be a mobile communication device.
[0004] The first part of the video output may include a
face of the first object and the second part of the video
output may include a face of the second object, wherein
presenting the video output, such that the first object in
the first part of the video output is orientated towards the
second object in the second part of the video output, may
comprise orientating the first and second parts of the vid-
eo outputs such that, at the viewpoint, the faces of the
first and second objects are directed towards one anoth-
er.
[0005] The method may further comprise: determining
the first orientation by determining an angle between the
orientation of the first object and the first camera; and
determining the second orientation by determining an an-
gle between the orientation of the second object and the
second camera. The orientations of the first and second
objects may be determined from a detected eye or face

direction relative to the first and second cameras respec-
tively.
[0006] The method may further comprise: generating
a three-dimensional model of the first object from the first
input; and generating a three-dimensional model of the
second object from the second input, wherein: the first
and second parts of the video output include the three-
dimensional models of the first and second objects re-
spectively; and presenting the video output such that the
first object in the first video output is orientated towards
the second object in the second video output comprises
rotating the three-dimensional models of the first and/or
second objects such that, at the viewpoint, the models
of the first and second objects are directed towards each
other.
[0007] The video output may be a virtual output, where-
in presenting the video may include presenting the video
output in a virtual reality environment.
[0008] In a second aspect, this specification describes
an apparatus configured to perform any method as de-
scribes with reference to the first aspect.
[0009] In a third aspect, this specification describes
computer-readable instructions which, when executed
by computing apparatus, cause the computing apparatus
to perform any method as described with reference to
the first aspect.
[0010] In a fourth aspect, this specification describes
an apparatus comprising: means for presenting a first
part of a video output to a viewer, wherein the first part
of the video output is based on a first input, wherein the
first input is obtained from a front camera of a user device,
wherein the first input is a video of first object having a
first orientation with respect to the front camera; means
for presenting a second part of a video output to the view-
er, wherein the second part of the video output is based
on a second input, wherein the second input is obtained
from a rear camera of the user device, wherein the sec-
ond input is a video of a second object having a second
orientation with respect to the rear camera; and means
for configuring the first and second parts of the video
outputs relative to a viewpoint of a first viewer, such that,
at the viewpoint: the first and second parts of the video
output are visible at the same time, and the first object
in the first video output is orientated towards the second
object in the second video output.
[0011] The video output may be a virtual output. The
apparatus may further comprise means for presenting
the video output within a virtual reality environment.
[0012] The relative positions of the first and second
displays may be determined by said configuring means.
[0013] The first part of the video output may include a
face of the first object and the second part of the video
output may include a face of the second object. The con-
figuring means may be configured to present the video
output such that the first object in the first part of the video
output is orientated towards the second object in the sec-
ond part of the video output by orientating the first and
second parts of the video outputs such that the faces of
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the first and second objects are directed towards one
another.
[0014] The configuring means may comprise: means
for generating a three-dimensional model of the first ob-
ject from the first input and a three-dimensional model of
the second object from the second input, wherein the first
and second parts of the video output include the three-
dimensional models of the first and second objects re-
spectively; and means for orientating the first part of the
video output and the second part of the video output by
rotating the three-dimensional models of the first and/or
second objects such that, at the viewpoint, the models
of the first and second objects are directed towards each
other.
[0015] In a fifth aspect, this specification describes an
apparatus comprising: at least one processor; and at
least one memory including computer program code
which, when executed by the at least one processor,
causes the apparatus to: receive a first input and a sec-
ond input from a front camera and a rear camera respec-
tively of a user device, wherein: the first input is a video
of a first object having a first orientation with respect to
the front camera, the second input is a video of a second
object having a second orientation with respect to the
rear camera; generate a video output comprising a first
part based on the first input and a second part based on
the second input; and present the video output relative
to a viewpoint of a first viewer, such that, at the viewpoint,
the first and second parts of the video output are visible
at the same time and the first object in the first part of the
video output is orientated towards the second object in
the second part of the video output.
[0016] In a sixth aspect, this specification describes a
computer-readable medium having computer-readable
code stored thereon, the computer readable code, when
executed by the at least one processor, causes perform-
ance of: receiving a first input and a second input from a
front camera and a rear camera respectively of a user
device, wherein: the first input is a video of a first object
having a first orientation with respect to the front camera,
the second input is a video of a second object having a
second orientation with respect to the rear camera; gen-
erating a video output comprising a first part based on
the first input and a second part based on the second
input; and presenting the video output relative to a view-
point of a first viewer, such that, at the viewpoint, the first
and second parts of the video output are visible at the
same time and the first object in the first part of the video
output is orientated towards the second object in the sec-
ond part of the video output.

Brief description of the drawings

[0017] Example embodiments will now be described,
by way of non-limiting examples, with reference to the
following schematic drawings, in which:

Figure 1 is a block diagram of a system in accordance

with an example embodiment;
Figures 2a and 2b show example views output by
the system of Figure 1;
Figure 3 shows a virtual reality or augmented reality
display system;
Figure 4 shows an example views output by the sys-
tem of Figure 1;
Figure 5 is a block diagram of a system in accordance
with an example embodiment;
Figure 6 shows an example view output by the sys-
tem of Figure 5;
Figures 7a and 7b show example views output by
the system of Figure 5;
Figure 8 is a flow chart showing an algorithm in ac-
cordance with an example embodiment;
Figures 9 to 11 show example views output in ac-
cordance with an example embodiment;
Figure 12 is a flow chart showing an algorithm in
accordance with an example embodiment;
Figure 13 is a block diagram of components of a
processing system in accordance with an example
embodiment; and
Figure 14a and 14b show tangible media, respec-
tively a removable memory unit and a compact disc
(CD) storing computer-readable code which when
run by a computer performs operations according to
example embodiments.

Detailed description

[0018] Figure 1 is a block diagram of a system, indi-
cated generally by the reference numeral 10, in accord-
ance with an example embodiment.
[0019] The system 10 comprises a user device 12,
such as a mobile communication device (e.g. a mobile
phone or a tablet computer). The user device 12 has a
front camera 13 and a rear camera 14. The front camera
13 and the rear camera 14 may be video cameras or
other types of camera capable of recording video.
[0020] A first object 15 is within a field of view of the
front camera 13 (as indicated by dotted lines). A second
object 16 is within a field of view of the rear camera 14
(as indicated by dotted lines). The first and second ob-
jects 15 and 16 may be two people having a conversation
that is being recorded by the user device 12. As shown
in Figure 1, the first object 15 is orientated directly at the
first camera 13 and the second object 16 is orientated
directly at the second camera 14.
[0021] Figure 2a shows an example view, indicated
generally by the reference numeral 20, output by the user
device 12 described above with reference to Figure 1.
The view 20 is a combined view that includes a first view
21 that is provided by the front camera 13 and a second
view 22 that is provided by the rear camera 14. As shown
in Figure 2a, the combined view 20 displays the first and
second views side-by-side. (Other display options are
possible, such as displaying one view above the other.)
[0022] The first view 21 includes a first image 23 that
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is a representation of the first object 15. In a similar way,
the second view 22 includes a second image 24 that is
a representation of the second object 16.
[0023] As shown in Figure 1, during image capture, the
first and second objects are facing each other. However,
in the example view 20 shown in Figure 2a, the first and
second images 23 and 24 are presented side-by-side.
[0024] Figure 2b shows an example view, indicated
generally by the reference numeral 30, output by the sys-
tem of Figure 1. The view 30 comprises a first display 31
showing a view provided by the front camera 13 and a
second display 32 showing a view provided by the rear
camera 14. As shown in Figure 2b, the first display 31
presents a first image 33 that is a representation of the
first object 15 and the second display 32 presents a sec-
ond image 34 that is a representation of the second object
16. As shown in Figure 2b, the first display 31 is opposite
the second display 32.
[0025] A viewer 35 is shown placed between the first
display 31 and the second display 32. From the point of
view of the viewer 35, the first object 15 and second object
16 (i.e. the first image 33 and the second image 34) are
directed towards each other.
[0026] Consider the following situation in which the first
object 15 and the second object 16 are people engaged
in a conversation and the viewer 35 is a person viewing
that conversation. From the viewpoint of the viewer 35
in the view 30 shown in Figure 2b, it appears that the first
and second people (the representations 33 and 34 of the
first and second objects respectively) are talking to each
other.
[0027] The displays 31 and 32 may be real displays
(e.g. screens) with images from the front and rear cam-
eras 13 and 14 presented thereon. Alternatively, the dis-
plays 31 and 32 may be formed from one or more virtual
displays that are displayed within a virtual reality or aug-
mented reality environment. Thus, as discussed further
below, the viewer 35 may wear a head mounted device
(HMD) for viewing virtual displays 31 and 32 (or a single
virtual display comprises a first part 31 and a second part
32).
[0028] Virtual reality (VR) is a rapidly developing area
of technology in which video content is provided to a vir-
tual reality display system. A virtual reality display system
may be provided with a live or stored feed from a video
content source, the feed representing a virtual reality
space or world for immersive output through the display
system. In some embodiments, audio is provided, which
may be spatial audio. A virtual space or virtual world is
any computer-generated version of a space, for example
a captured real world space, in which a user can be im-
mersed through a display system such as a virtual reality
headset. A virtual reality headset may be configured to
provide virtual reality video and audio content to the user,
e.g. through the use of a pair of video screens and head-
phones incorporated within the headset.
[0029] Augmented Reality (AR) refers to a real-world
view that is augmented by computer-generated sensory

input.
[0030] Figure 3 is a schematic illustration of a virtual
reality or augmented reality display system 201 which
represents user-end equipment. The system 201 in-
cludes a user device in the form of a virtual reality or
augmented reality headset 220, for displaying visual data
for a virtual reality or augmented reality space, and a
media player 210 for rendering visual data on the headset
220. Headset 220 may comprise augmented reality (AR)
glasses, which may enable visual content, for example
one or more virtual objects, to be projected or displayed
on top of a see-through portion of the glasses. In some
example embodiments, a separate user control (not
shown) may be associated with the display system 201,
e.g. a hand-held controller.
[0031] The headset 220 receives the virtual reality or
augmented reality content data from the media player
210. The media player 210 may be part of a separate
device which is connected to the headset 220 by a wired
or wireless connection.
[0032] Here, the media player 210 may comprise a mo-
bile phone, smartphone or tablet computer configured to
play content through its display. For example, the media
player 210 may be a touchscreen device having a large
display over a major surface of the device, through which
video content can be displayed. The media player 210
may be inserted into a holder of a headset 220. With such
headsets 220, a smart phone or tablet computer may
display visual data which is provided to a user’s eyes via
respective lenses in the headset 220. The virtual reality
or augmented reality display system 201 may also in-
clude hardware configured to convert the device to op-
erate as part of display system 201. Alternatively, the
media player 210 may be integrated into the headset
220. The media player 10 may be implemented in soft-
ware. In some example embodiments, a device compris-
ing virtual reality (or augmented reality) media player soft-
ware is referred to as the virtual reality (or augmented
reality) media player 210.
[0033] The display system 201 may include means for
determining the spatial position of the user and/or orien-
tation of the user’s head. This may be by means of de-
termining the spatial position and/or orientation of the
headset 220. Over successive time frames, a measure
of movement may therefore be calculated and stored.
Such means may comprise part of the media player 210.
Alternatively, the means may comprise part of the head-
set 220. For example, the headset 220 may incorporate
motion tracking sensors which may include one or more
of gyroscopes, accelerometers and structured light sys-
tems. These sensors may generate position data from
which a current visual field-of-view (FOV) is determined
and updated as the user, and so the headset 220, chang-
es position and/or orientation. The headset 220 may
comprise two digital screens for displaying stereoscopic
video images of the virtual world in front of respective
eyes of the user, and also two speakers for delivering
audio, if provided from the media player 210. The exam-
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ple embodiments herein are not limited to a particular
type of headset 220.
[0034] In some example embodiments, the display
system 201 may determine the spatial position and/or
orientation of the user’s head using a six degrees of free-
dom (6DoF) method. As shown in Figure 3, these include
measurements of pitch 222, roll 223 and yaw 224 and
also translational movement in Euclidean space along
side-to-side, front-to-back and up-and-down axes 225,
226 and 227. (The use of a six degrees of freedom head-
set is not essential. For example, a three degrees of free-
dom headset could readily be used.)
[0035] The display system 201 may be configured to
display virtual reality or augmented reality content data
to the user based on spatial position and/or the orienta-
tion of the headset 220 (e.g. the position of the viewer
35 in the view 30 may be determined by the position of
the headset 220). A detected change in spatial position
and/or orientation, i.e. a form of movement, may result
in a corresponding change in the visual data to reflect a
position or orientation transformation of the user with ref-
erence to the space into which the visual data is project-
ed. This allows virtual reality content data to be consumed
with the user experiencing a 3D virtual reality or aug-
mented reality environment.
[0036] Audio data may also be provided to head-
phones provided as part of the headset 220. The audio
data may represent spatial audio source content. Spatial
audio may refer to directional rendering of audio in the
virtual reality or augmented reality space such that a de-
tected change in the user’s spatial position or in the ori-
entation of their head may result in a corresponding
change in the spatial audio rendering to reflect a trans-
formation with reference to the space in which the spatial
audio data is rendered.
[0037] The angular extent of the environment observ-
able through the headset 220 is called the visual field of
view (FOV). The actual field of view observed by a user
depends on the inter-pupillary distance and on the dis-
tance between the lenses of the headset 220 and the
user’s eyes, but the field of view can be considered to be
approximately the same for all users of a given display
device when the headset 220 is being worn by the user.
[0038] The arrangement 30 can effectively place the
viewer 35 in the middle of an interaction (e.g. a conver-
sation) between the first object 15 and the second object
16. This is particularly true when the video output de-
scribed above is combined with spatial audio data that
is positioned to match the positions of the first image 33
and the second image 34 from the point of view of the
viewer 35. However, the system 30 is relatively incon-
venient because the viewer 35 needs to change their
head position significantly in order to change from view-
ing the first image to the second image (or vice-versa).
[0039] Figure 4 shows an example view, indicated gen-
erally by the reference numeral 40, output by the system
of Figure 1 in accordance with an example embodiment.
The view 40 comprises a first display 41 showing a view

provided by the front camera 13 and a second display
42 showing a view provided by the rear camera 14. As
shown in Figure 4, the first display 41 presents a first
image 43 that is a representation of the first object 15
and the second display 42 presents a second image 44
that is a representation of the second object 16.
[0040] The first display 41 and the second display 42
may be provided within a virtual reality display system,
such as the system 201 described above, with the viewer
45 experiencing the content by means of the head mount-
ed device 220. In this context, the first display 41 and the
second display 42 may be provided as different parts of
a single overall display provided to the viewer 45.
[0041] As shown in Figure 4, the first display 41 and
second display 42 are angled towards each other so that
a viewer 45 can see both displays at the same time. Thus,
the view 40 may be more convenient for the viewer 45
than the view 30 described above with reference to Figure
3. However, the first image 43 and second image 44 are
no longer directed to one another, so the images of the
first and second objects are no longer directed towards
one another. Thus, in the example above of a conversa-
tion taking place, the viewer 45 can see both participants
in the conversation, but the participants are not directed
towards one another whilst conversing.
[0042] Figure 5 is a block diagram of a system, indi-
cated generally by the reference numeral 50, in accord-
ance with an example embodiment. The system 50 is
similar to the system 10 described above with reference
to Figure 1.
[0043] The system 50 comprises the user device 12
described above, including the front camera 13 and the
rear camera 14. A first object 55 is within a field of view
of the front camera 13 (as indicated by dotted lines). A
second object 56 is within a field of view of the rear cam-
era 14 (as indicated by dotted lines). The first and second
objects 55 and 56 may be two people having a conver-
sation that is being recorded by the user device 12. As
shown in Figure 5, both the first object 55 and the second
object 56 are angled relative to the user device 12, such
that neither object is orientated directly towards the re-
spective camera of the user device. As described in detail
below, the first object 55 has a first orientation with re-
spect to the front camera 13 and the second object 56
has a second orientation with respect to the rear camera
that can be exploited when presenting one or more dis-
plays to a viewer.
[0044] Figure 6 shows an example view, indicated gen-
erally by the reference numeral 60, output by the user
device 12 described above with reference to Figure 5.
The view 60 is a combined view that includes a first view
61 that is provided by the front camera 13 and a second
view 62 that is provided by the rear camera 14. As shown
in Figure 6, the combined view 60 displays the first and
second views side-by-side, such that the combined view
60 is similar to the combined view 20 described above.
[0045] The first view 61 includes a first image 63 that
is a representation of the first object 55. In a similar way,
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the second view 62 includes a second image 64 that is
a representation of the second object 56. Since the first
and second objects 55 and 56 are not orientated directly
towards the respective cameras of the user device, in
the first and second images 63 and 64 of those objects,
those objects are presented at an angle. Indeed, as
shown in Figure 6, the object in the first image 63 has an
angle α1 relative to the display and the second image 64
has an angle α2 relative to the display.
[0046] Figure 7a shows an example view, indicated
generally by the reference numeral 70a, output by the
system of Figure 5 in accordance with an example em-
bodiment. The view 70a comprises a first display 71a
showing a view provided by the front camera 13 and a
second display 72a showing a view provided by the rear
camera 14. As shown in Figure 7a, the first display 71a
presents a first image 73a that is a representation of the
first object 55 and the second display 72a presents a
second image 74a that is a representation of the second
object 56.
[0047] The view 70a is similar to the view 30 described
above with reference to Figure 2b in that the first display
71a is provided opposite the second display 72a, with a
viewer 75a between the displays. However, since the
objects 55 and 56 are not directed towards the camera
13 and 14, the first images 73a and the second image
73b are not directed towards one another. Thus, in the
example above of a conversation taking place, the viewer
75a can see both participants in the conversation, but
the participants are not directed towards one another
whilst conversing.
[0048] Figure 7b shows an example view, indicated
generally by the reference numeral 70b, output by the
system of Figure 5 in accordance with an example em-
bodiment. The view 70b comprises a first display 71b
showing a view provided by the front camera 13 and a
second display 72b showing a view provided by the rear
camera 14. As shown in Figure 7b, the first display 71b
presents a first image 73b that is a representation of the
first object 55 and the second display 72b presents a
second image 74b that is a representation of the second
object 56. The view 70b differs from the view 70a de-
scribed above in that the first display 71b and second
display 72b are angled towards each other such that,
from the viewpoint of a viewer 75b, the first and second
images 73b and 74b are directed (i.e. orientated) towards
one another. Thus, in the example above of a conversa-
tion taking place, the viewer 75b can not only see both
participants in the conversation, but the participants are
directed towards one another whilst conversing.
[0049] Specifically, as shown in Figure 7b, the displays
71b is rotated by the angle α1 relative to the display 71a
and the display 72b is rotated by the angle α2 relative to
the display 72a such that first image and the second im-
age are directed towards one another.
[0050] Again, displays 71a, 71b, 72a and 72b may be
provided within a virtual reality display system, such as
the system 201 described above, with the viewers 75a

and 75b experiencing the content by means of the head
mounted device 220. In this context, the first display 71a
and the second display 72a may be provided as different
parts of a single overall display provided to the viewer
75a and, similarly, the first display 71b and the second
display 72b may be provided as different parts of a single
overall display provided to the viewer 75b.
[0051] Figure 8 is a flow chart showing an algorithm,
indicated generally by the reference numeral 80, in ac-
cordance with an example embodiment. The algorithm
80 may be used to generate the view 70b described
above.
[0052] The algorithm 80 starts at operation 82 where
video data is collected by the front camera 13 and rear
camera 14 of the user device 12.
[0053] At operation 84, the angles α1 and α2 are cal-
culated in order to determine the orientation of the first
and second objects 55 and 56 relative to the front and
rear cameras 13 and 14 respectively. Many algorithms
exist for implementing such a step. By way of example,
where the first image 73 and the second image 74 are
images of human faces, one technique is to detect the
direction of the eyes of the faces in the images, for ex-
ample by using image-based parameterized tracking for
face features to locate an area in which a sub-pixel pa-
rameterized shape estimation of an eye’s boundary is
performed. This could be implemented by tracking, for
example, five points of an object’s face (four at the eye
corners and a fifth at the tip of the nose). Many other
algorithms will be apparent to persons skilled in the art.
It should also be noted that the eyes may be orientated
in a different direction to the remainder of the face. The
operation 84 could be based on detecting the direction
of the eyes alone, detecting the overall direction of the
eyes and the face, or detecting the direction of the face
(and not the eyes). The direction of the face could be
determined, for example, based on the orientation of fea-
tures such as the nose and chin of the face.
[0054] In the event that the first image 73 and the sec-
ond image 74 are not images of human faces, other
mechanisms are required for determining the angles α1
and α2, such as identifying a location of one or more
marker points on the images.
[0055] The operation 84 may detect a snapshot of the
relevant angle at a particular moment of time. Alterna-
tively, an average angle over a defined time period may
be determined. It should be noted that, in the event that
the displays 71b and 72b are virtual displays, they can
be readily moved to accommodate changes in the angles
detected in the operation 84.
[0056] At operation 86, the relative positions of the dis-
plays 71b and 72b are determined. This is can be done
once the angles α1 and α2 have been calculated in the
operation 84 described above. It should be noted that if
the orientation of either the first object 55 or the second
object 56 relative to the user device 12 changes, then
the optimum relative positions of the displays 71b and
72b will change. In the event that the displays 71b and
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72b are virtual displays within a virtual reality environ-
ment, it is relatively simple to move the displays within
the virtual space, since this simply requires changing the
position with the virtual space at which the images 73
and 74 are presented. However, it is should be noted that
moving displays too readily may be distracting for the
viewer, thus the algorithm 80 may be arranged to limit
the rate at which the operation 86 is updated. Thus, for
example, a filtering step may be provided to limit the rate
at which the positions of the images within the virtual
space changes relative to the rate at which the calculated
optimum position for those images changes.
[0057] Of course, in the event that the displays 71b
and 72b are real displays, it is possible, albeit cumber-
some, to move the displays in response to changes in
the calculated optimum positions for those displays. In
such a context, it is possible that a compromise position
for the displays 71b and 72b may be selected, such that
the displays are close to the optimum position most of
the time.
[0058] At operation 88, data is output to the viewer.
[0059] In some embodiments, cameras of mobile com-
munication and similar devices may be provided at one
end (e.g. the top) of the device 12 (rather than in the
middle, as suggested in Figures 1 and 5). Accordingly,
video recordings of users of such devices (such as the
objects 15, 16,55 and 56) may be at an angle to the dis-
play, as indicated schematically in Figure 5.
[0060] Figure 9 shows an example view, indicated gen-
erally by the reference numeral 90, output by the user
device 12 described above with reference to Figure 1.
The view 90 includes a first display 91 that is provided
by the front camera 13 and a second display 92 that is
provided by the rear camera 14. The first view 91 includes
a first image 93 that is a representation of the first object
15. In a similar way, the second view 92 includes a second
image 94 that is a representation of the second object
16. A viewer 95 is shown in Figure 9 and is able to view
both the first view 93 and the second view 94. As de-
scribed above, the displays 91 and 92 may be imple-
mented within a virtual reality environment. In this con-
text, the first display 91 and the second display 92 may
be provided as different parts of a single overall display
provided to the viewer 95.
[0061] Figure 10 shows an example view, indicated
generally by the reference numeral 100, output by the
user device 12 described above with reference to Figure
1. The view 100 includes a first display 101 that is pro-
vided by the front camera 13 and a second display 102
that is provided by the rear camera 14. The first view 101
includes a first image 103 that is a representation of the
first object 15. In a similar way, the second view 102
includes a second image 104 that is a representation of
the second object 16. A viewer 105 is shown in Figure
10 and is able to view both the first view 103 and the
second view 104.
[0062] The view 100 differs from the view 90 in that the
first and second images 103 and 104 are three-dimen-

sional models of the respective objects, rather than two-
dimensional images of the objects captured by the video
cameras 13 and 14.
[0063] In common with the view 40 described above
with reference to Figure 4, the viewers 95 and 105 can
view both the first and displays of the relevant views
shown in Figure 9 and 10 at the same time, but the first
and second images are not directed towards one anoth-
er.
[0064] Figure 11 shows an example view, indicated
generally by the reference numeral 110, output by the
user device 12 described above with reference to Figure
1. The view 110 includes a first display 111 that is pro-
vided by the front camera 13 and a second display 112
that is provided by the rear camera 14. The first view 111
includes a first image 113 that is a representation of the
first object 15. In a similar way, the second view 102
includes a second image 114 that is a representation of
the second object 16. A viewer 115 is shown in Figure
11 and is able to view both the first view 113 and the
second view 114.
[0065] The view 110 differs from the view 100 in that
the first and second three-dimensional models 113 and
114 are rotated so that they are directed towards one
another.
[0066] Consider again the example of a discussion be-
tween two people (the objects 15 and 16). In the example
views 90 and 100, the viewers 95 and 105 respectively
can see the images of the people involved in the discus-
sion, but those people are not apparently looking at each
other (which may appear to be unnatural to the viewer).
The view 110, as experienced at the viewpoint of the
viewer 115 may be more natural to the viewer, since the
images 113 and 114 of the objects 15 and 16 are rotated
such that they appear as being directed towards one an-
other.
[0067] Figure 12 is a flow chart showing an algorithm,
indicated generally by the reference numeral 120, in ac-
cordance with an example embodiment. The algorithm
120 may be used to generate the view 110 described
above.
[0068] The algorithm 120 starts at operation 122 where
video data is collected by the front camera 13 and rear
camera 14 of the user device 12.
[0069] At operation 124, three-dimensional models are
generated from the two-dimensional video data captured
by the front and rear cameras 13 and 14.
[0070] Many algorithms exist for generating a three-
dimensional model from a two-dimensional image. By
way of example, techniques exist for extrapolating from
datasets of 2-dimensinal and 3-dimensional facial mod-
els or scans for converting between an obtained 2-di-
mensional image and a 3-dimensional model. For exam-
ple, techniques have been developed for using a convo-
lutional neural network (CNN) for constructing a 3-dimen-
sional facial model from a single 2-dimensional image,
given an appropriate dataset consisting of 2D and 3D
facial models or scans. It should be noted, however, that
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the video data captured by the cameras 13 and 14 de-
scribed herein provide more input data than a single 2D
facial image and so other algorithms may also be appro-
priate for implementing the operation 124.
[0071] At operation 126, the three-dimensional models
generated in operation 124 are rotated so that, from the
position of the viewer 115, the first and second three-
dimensional images 113 and 114 appear to be directed
towards one another.
[0072] With the three-dimensional models generated
in operation 124 and the positions of the first display 111,
second display 112 and viewer 115 known, the appro-
priate rotation of the first and second images 113 and
114 is relatively simple.
[0073] Finally, at operation 128, data is output to the
viewer.
[0074] Any of the views 90, 100 and 110 could be virtual
views provide within a virtual reality or augmented reality
environment. In this context, the first and second displays
may be provided as different parts of a single overall dis-
play provided to the viewer.
[0075] As shown in Figures 9 to 11, the first and second
displays are orientated at approximately 90 degrees from
one another. This is not essential to all forms of the in-
vention. (A larger or smaller angle, for example 80 de-
grees or 120 degrees, could be used.) An advantage of
providing a relatively large angle between the first and
second displays 111 and 112 is that the angle by which
the first and second images 113 and 114 will need to be
rotated is relatively small. A small rotation of a three-
dimensional model may be easier to generate at high
quality than a large rotation of such a model.
[0076] The embodiments described above have as-
sumed that the first and second cameras 13 and 14 gen-
erate two-dimensional outputs. Of course, if the cameras
provide three-dimensional image data, then the 2D-3D
conversion operation 124 described above may be omit-
ted.
[0077] It should be noted that the algorithms 80 and
120 may be combined. For example, if one or both of the
objects is orientated at an angle related to the respective
camera(s) (the arrangement shown in Figure 5, rather
than the arrangement shown in Figure 1), then the
amount by which the respective three-dimensional mod-
el(s) need to be rotated in step 126 may be adjusted
accordingly.
[0078] For completeness, Figure 13 is a schematic di-
agram of components of one or more of the modules
described previously (e.g. implementing some or all of
the operations of the algorithms 80 and 120 described
above), which hereafter are referred to generically as
processing systems 300. A processing system 300 may
have a processor 302, a memory 304 closely coupled to
the processor and comprised of a RAM 314 and ROM
312, and, optionally, user input 310 and a display 318.
The processing system 300 may comprise one or more
network interfaces 308 for connection to a network, e.g.
a modem which may be wired or wireless.

[0079] The processor 302 is connected to each of the
other components in order to control operation thereof.
[0080] The memory 304 may comprise a non-volatile
memory, such as a hard disk drive (HDD) or a solid state
drive (SSD). The ROM 312 of the memory 314 stores,
amongst other things, an operating system 315 and may
store software applications 316. The RAM 314 of the
memory 304 is used by the processor 302 for the tem-
porary storage of data. The operating system 315 may
contain code which, when executed by the processor im-
plements aspects of the algorithms 80 and 120 described
above.
[0081] The processor 302 may take any suitable form.
For instance, it may be a microcontroller, plural micro-
controllers, a processor, or plural processors.
[0082] The processing system 300 may be a stan-
dalone computer, a server, a console, or a network there-
of.
[0083] In some embodiments, the processing system
300 may also be associated with external software ap-
plications. These may be applications stored on a remote
server device and may run partly or exclusively on the
remote server device. These applications may be termed
cloud-hosted applications (an example of such an appli-
cation is an application to manage child filters restricting
access to use during certain times or access websites
from a child’s mobile phone, as described above). The
processing system 300 may be in communication with
the remote server device in order to utilize the software
application stored there.
[0084] Figures 18a and 18b show tangible media, re-
spectively a removable memory unit 365 and a compact
disc (CD) 368, storing computer-readable code which
when run by a computer may perform methods according
to embodiments described above. The removable mem-
ory unit 365 may be a memory stick, e.g. a USB memory
stick, having internal memory 366 storing the computer-
readable code. The memory 366 may be accessed by a
computer system via a connector 367. The CD 368 may
be a CD-ROM or a DVD or similar. Other forms of tangible
storage media may be used.
[0085] Embodiments of the present invention may be
implemented in software, hardware, application logic or
a combination of software, hardware and application log-
ic. The software, application logic and/or hardware may
reside on memory, or any computer media. In an example
embodiment, the application logic, software or an instruc-
tion set is maintained on any one of various conventional
computer-readable media. In the context of this docu-
ment, a "memory" or "computer-readable medium" may
be any non-transitory media or means that can contain,
store, communicate, propagate or transport the instruc-
tions for use by or in connection with an instruction exe-
cution system, apparatus, or device, such as a computer.
[0086] Reference to, where relevant, "computer-read-
able storage medium", "computer program product",
"tangibly embodied computer program" etc., or a "proc-
essor" or "processing circuitry" etc. should be understood
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to encompass not only computers having differing archi-
tectures such as single/multi-processor architectures
and sequencers/parallel architectures, but also special-
ised circuits such as field programmable gate arrays FP-
GA, application specify circuits ASIC, signal processing
devices and other devices. References to computer pro-
gram, instructions, code etc. should be understood to
express software for a programmable processor
firmware such as the programmable content of a hard-
ware device as instructions for a processor or configured
or configuration settings for a fixed function device, gate
array, programmable logic device, etc.
[0087] As used in this application, the term "circuitry"
refers to all of the following: (a) hardware-only circuit im-
plementations (such as implementations in only ana-
logue and/or digital circuitry) and (b) to combinations of
circuits and software (and/or firmware), such as (as ap-
plicable): (i) to a combination of processor(s) or (ii) to
portions of processor(s)/software (including digital signal
processor(s)), software, and memory(ies) that work to-
gether to cause an apparatus, such as a server, to per-
form various functions) and (c) to circuits, such as a mi-
croprocessor(s) or a portion of a microprocessor(s), that
require software or firmware for operation, even if the
software or firmware is not physically present.
[0088] If desired, the different functions discussed
herein may be performed in a different order and/or con-
currently with each other. Furthermore, if desired, one or
more of the above-described functions may be optional
or may be combined. Similarly, it will also be appreciated
that the flow diagrams of Figures 8 and 12 are examples
only and that various operations depicted therein may be
omitted, reordered and/or combined.
[0089] It will be appreciated that the above described
example embodiments are purely illustrative and are not
limiting on the scope of the invention. Other variations
and modifications will be apparent to persons skilled in
the art upon reading the present specification.
[0090] Moreover, the disclosure of the present appli-
cation should be understood to include any novel fea-
tures or any novel combination of features either explicitly
or implicitly disclosed herein or any generalization thereof
and during the prosecution of the present application or
of any application derived therefrom, new claims may be
formulated to cover any such features and/or combina-
tion of such features.
[0091] Although various aspects of the invention are
set out in the independent claims, other aspects of the
invention comprise other combinations of features from
the described embodiments and/or the dependent claims
with the features of the independent claims, and not sole-
ly the combinations explicitly set out in the claims.
[0092] It is also noted herein that while the above de-
scribes various examples, these descriptions should not
be viewed in a limiting sense. Rather, there are several
variations and modifications which may be made without
departing from the scope of the present invention as de-
fined in the appended claims.

Claims

1. A method comprising:

receiving a first input and a second input from a
front camera and a rear camera respectively of
a user device, wherein: the first input is a video
of a first object having a first orientation with re-
spect to the front camera, the second input is a
video of a second object having a second orien-
tation with respect to the rear camera;
generating a video output comprising a first part
based on the first input and a second part based
on the second input; and
presenting the video output relative to a view-
point of a first viewer, such that, at the viewpoint,
the first and second parts of the video output are
visible at the same time and the first object in
the first part of the video output is orientated to-
wards the second object in the second part of
the video output.

2. A method as claimed in claim 1, wherein the first part
of the video output includes a face of the first object
and the second part of the video output includes a
face of the second object, wherein presenting the
video output, such that the first object in the first part
of the video output is orientated towards the second
object in the second part of the video output, com-
prises orientating the first and second parts of the
video outputs such that, at the viewpoint, the faces
of the first and second objects are directed towards
one another.

3. A method as claimed in claim 1 or claim 2, further
comprising:

determining the first orientation by determining
an angle between the orientation of the first ob-
ject and the first camera; and
determining the second orientation by determin-
ing an angle between the orientation of the sec-
ond object and the second camera.

4. A method as claimed in claim 3, wherein the orien-
tations of the first and second objects are determined
from a detected eye or face direction relative to the
first and second cameras respectively.

5. A method as claimed in any one of the preceding
claims, further comprising:

generating a three-dimensional model of the first
object from the first input; and
generating a three-dimensional model of the
second object from the second input, wherein:

the first and second parts of the video output
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include the three-dimensional models of the
first and second objects respectively; and
presenting the video output such that the
first object in the first video output is orien-
tated towards the second object in the sec-
ond video output comprises rotating the
three-dimensional models of the first and/or
second objects such that, at the viewpoint,
the models of the first and second objects
are directed towards each other.

6. A method as claimed in any one of the preceding
claims, wherein the viewpoint of the first viewer is
variable.

7. A method as claimed in any one of the preceding
claims, wherein the video output is a virtual output,
wherein presenting the video includes presenting the
video output in a virtual reality environment.

8. A method as claimed in any one of the preceding
claims, wherein the first and second inputs are re-
ceived at the same time.

9. A method as claimed in any one of the preceding
claims, wherein the user device is a mobile commu-
nication device.

10. An apparatus comprising:

means for presenting a first part of a video output
to a viewer, wherein the first part of the video
output is based on a first input, wherein the first
input is obtained from a front camera of a user
device, wherein the first input is a video of first
object having a first orientation with respect to
the front camera;
means for presenting a second part of a video
output to the viewer, wherein the second part of
the video output is based on a second input,
wherein the second input is obtained from a rear
camera of the user device, wherein the second
input is a video of a second object having a sec-
ond orientation with respect to the rear camera;
and
means for configuring the first and second parts
of the video outputs relative to a viewpoint of a
first viewer, such that, at the viewpoint: the first
and second parts of the video output are visible
at the same time, and the first object in the first
video output is orientated towards the second
object in the second video output.

11. An apparatus as claimed in claim 10, wherein the
video output is a virtual output, the apparatus further
comprising means for presenting the video output
within a virtual reality environment.

12. An apparatus as claimed in claim 10 or claim 11,
wherein relative positions of the first and second dis-
plays are determined by said configuring means.

13. An apparatus as claimed in any one of claims 10 to
12, wherein the first part of the video output includes
a face of the first object and the second part of the
video output includes a face of the second object,
wherein the configuring means is configured to
present the video output such that the first object in
the first part of the video output is orientated towards
the second object in the second part of the video
output by orientating the first and second parts of the
video outputs such that the faces of the first and sec-
ond objects are directed towards one another.

14. An apparatus as claimed in any one of claims 9 to
13, wherein the configuring means comprises:

means for generating a three-dimensional mod-
el of the first object from the first input and a
three-dimensional model of the second object
from the second input, wherein the first and sec-
ond parts of the video output include the three-
dimensional models of the first and second ob-
jects respectively; and
means for orientating the first part of the video
output and the second part of the video output
by rotating the three-dimensional models of the
first and/or second objects such that, at the view-
point, the models of the first and second objects
are directed towards each other.

15. A computer-readable medium having computer-
readable code stored thereon, the computer reada-
ble code, when executed by the at least one proc-
essor, causes performance of:

receiving a first input and a second input from a
front camera and a rear camera respectively of
a user device, wherein: the first input is a video
of a first object having a first orientation with re-
spect to the front camera, the second input is a
video of a second object having a second orien-
tation with respect to the rear camera;
generating a video output comprising a first part
based on the first input and a second part based
on the second input; and
presenting the video output relative to a view-
point of a first viewer, such that, at the viewpoint,
the first and second parts of the video output are
visible at the same time and the first object in
the first part of the video output is orientated to-
wards the second object in the second part of
the video output.
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