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TITLE
Mediated reality

TECHNOLOGICAL FIELD

Embodiments of the present invention relate to mediated reality for example augmented

reality or virtual reality.

BACKGROUND

Mediated reality in this document refers to a user experiencing a fully or partially artificial

environment.

Augmented reality is a form of mediated reality in which a user experiences a partially
artificial, partially real environment. Virtual reality is a form of mediated reality in which a

user experiences a fully artificial environment.

BRIEF SUMMARY

According to various, but not necessarily all, embodiments of the invention there is
provided a method comprising: enabling a first user-input mode, in which user selection of
a displayed virtual object in a virtual scene is in response to a combination of gaze
direction detection and selection gesture detection; and

enabling in response to user selection of the displayed virtual object in the virtual scene
during the first user-input mode, a second different user-input mode for the selected
virtual object, in which performance of an action in relation to the selected virtual object in
the virtual scene is in response to action gesture detection without dependence upon gaze

detection.

According to various, but not necessarily all, embodiments of the invention there is provided

examples as claimed in the appended claims.

BRIEF DESCRIPTION
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For a better understanding of various examples that are useful for understanding the brief
description, reference will now be made by way of example only to the accompanying
drawings in which:

Figs 1A-1C and 2A-2C illustrate examples of mediated reality in which Figs 1A, 1B, 1C
illustrate the same virtual space and different points of view and Figs 2A, 2B, 2C illustrate

a virtual scene from the perspective of the respective points of view;

Fig 3A illustrates an example of a real space and Fig 3B illustrates an example of a real

scene that partially corresponds with the virtual scene of Fig 1B;

Fig 4 illustrates an example of an apparatus that is operable to enable mediated reality

and/or augmented reality and/or virtual reality;

Fig 5A illustrates an example of a method for enabling mediated reality and/or augmented

reality and/or virtual reality;

Fig 5B illustrates an example of a method for updating a model of the virtual space for

augmented reality;
Figs 6A and 6B illustrate examples of apparatus that enable display of at least parts of the

virtual scene to a user;

Fig 7A illustrates an example of a gesture in a real space and Fig 7B illustrates a

corresponding representation of the gesture rendered in the virtual scene;
Fig 8 illustrates an example of a method for selecting and acting upon a virtual object;
Fig 9 illustrates an example of a method for selecting and acting upon a virtual object;

Fig 10 illustrates an example of a method for selecting and acting upon multiple virtual

objects; and

Figs 11-14 illustrate some examples of gaze and selection gesture detection and action

gesture detection.

DETAILED DESCRIPTION
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The Figures illustrate methods for selecting, acting upon and de-selecting a virtual object
in a virtual scene. Selecting involves both gaze detection and gesture detection, whereas
acting upon the selected virtual object involves gesture detection and does not require
gaze detection.

DEFINITIONS

“virtual space” refers to fully or partially artificial environment, which may be three

dimensional.

“virtual scene” refers to a representation of the virtual space viewed from a particular point

of view within the virtual space.
“real space” refers to a real environment, which may be three dimensional.

“real scene” refers to a representation of the real space viewed from a particular point of

view within the real space.

“‘mediated reality” in this document refers to a user visually experiencing a fully or partially
artificial environment (a virtual space) as a virtual scene at least partially displayed by a
computer to a user. The virtual scene is determined by a point of view within the virtual
space and a field of view. Displaying the virtual scene means providing it in a form that

can be seen by the user.

“augmented reality” in this document refers to a form of mediated reality in which a user
visually experiences a partially artificial environment (a virtual space) as a virtual scene
comprising a real scene of a physical real world environment (real space) supplemented

by one or more visual elements displayed by an apparatus to a user;

“virtual reality” in this document refers to a form of mediated reality in which a user visually
experiences a fully artificial environment (a virtual space) as a virtual scene displayed by

an apparatus to a user;

“perspective-mediated” as applied to mediated reality, augmented reality or virtual reality
means that user actions determine the point of view within the virtual space, changing the

virtual scene;
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“first person perspective-mediated” as applied to mediated reality, augmented reality or
virtual reality means perspective mediated with the additional constraint that the user’s

real point of view determines the point of view within the virtual space;

“third person perspective-mediated” as applied to mediated reality, augmented reality or
virtual reality means perspective mediated with the additional constraint that the user’s

real point of view does not determine the point of view within the virtual space;

“‘user interactive-mediated” as applied to mediated reality, augmented reality or virtual
reality means that user actions at least partially determine what happens within the virtual

space;

“displaying” means providing in a form that is perceived visually by the user.

DESCRIPTION

Figs 1A-1C and 2A-2C illustrate examples of mediated reality. The mediated reality may

be augmented reality or virtual reality.

Figs 1A, 1B, 1C illustrate the same virtual space 20 comprising the same virtual objects
21, however, each Fig illustrates a different point of view 24. The position and direction of
a point of view 24 can change independently. The direction but not the position of the
point of view 24 changes from Fig 1A to Fig 1B. The direction and the position of the point
of view 24 changes from Fig 1B to Fig 1C.

Figs 2A, 2B, 2C illustrate a virtual scene 22 from the perspective of the different points of
view 24 of respective Figs 1A, 1B, 1C. The virtual scene 22 is determined by the point of
view 24 within the virtual space 20 and a field of view 26. The virtual scene 22 is at least

partially displayed to a user.

The virtual scenes 22 illustrated may be mediated reality scenes, virtual reality scenes or
augmented reality scenes. A virtual reality scene displays a fully artificial virtual space 20.

An augmented reality scene displays a partially artificial, partially real virtual space 20.

The mediated reality, augmented reality or virtual reality may be user interactive-
mediated. In this case, user actions at least partially determine what happens within the
virtual space 20. This may enable interaction with a virtual object 21 such as a visual

element 28 within the virtual space 20.
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The mediated reality, augmented reality or virtual reality may be perspective-mediated. In
this case, user actions determine the point of view 24 within the virtual space 20, changing
the virtual scene 22. For example, as illustrated in Figs 1A, 1B, 1C a position 23 of the
point of view 24 within the virtual space 20 may be changed and/or a direction or
orientation 25 of the point of view 24 within the virtual space 20 may be changed. If the
virtual space 20 is three-dimensional, the position 23 of the point of view 24 has three
degrees of freedom e.g. up/down, forward/back, left/right and the direction 25 of the point
of view 24 within the virtual space 20 has three degrees of freedom e.g. roll, pitch, yaw.
The point of view 24 may be continuously variable in position 23 and/or direction 25 and
user action then changes the position and/or direction of the point of view 24 continuously.
Alternatively, the point of view 24 may have discrete quantised positions 23 and/or
discrete quantised directions 25 and user action switches by discretely jumping between
the allowed positions 23 and/or directions 25 of the point of view 24.

Fig 3A illustrates a real space 10 comprising real objects 11 that partially corresponds with
the virtual space 20 of Fig 1A. In this example, each real object 11 in the real space 10
has a corresponding virtual object 21 in the virtual space 20, however, each virtual object
21 in the virtual space 20 does not have a corresponding real object 11 in the real space
10. In this example, one of the virtual objects 21, the computer-generated visual element
28, is an artificial virtual object 21 that does not have a corresponding real object 11 in the
real space 10.

A linear mapping exists between the real space 10 and the virtual space 20 and the same
mapping exists between each real object 11 in the real space 10 and its corresponding
virtual object 21. The relative relationship of the real objects 11 in the real space 10 is
therefore the same as the relative relationship between the corresponding virtual objects
21 in the virtual space 20.

Fig 3B illustrates a real scene 12 that partially corresponds with the virtual scene 22 of Fig
1B, it includes real objects 11 but not artificial virtual objects. The real scene is from a
perspective corresponding to the point of view 24 in the virtual space 20 of Fig 1A. The
real scene 12 content is determined by that corresponding point of view 24 and the field of

view 26.

Fig 2A may be an illustration of an augmented reality version of the real scene 12
illustrated in Fig 3B. The virtual scene 22 comprises the real scene 12 of the real space 10

supplemented by one or more visual elements 28 displayed by an apparatus to a user.
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The visual elements 28 may be a computer-generated visual element. In a see-through
arrangement, the virtual scene 22 comprises the actual real scene 12 which is seen
through a display of the supplemental visual element(s) 28. In a see-video arrangement,
the virtual scene 22 comprises a displayed real scene 12 and displayed supplemental
visual element(s) 28. The displayed real scene 12 may be based on an image from a
single point of view 24 or on multiple images from different points of view 24 at the same

time, processed to generate an image from a single point of view 24.

Fig 4 illustrates an example of an apparatus 30 that is operable to enable mediated reality
and/or augmented reality and/or virtual reality.

The apparatus 30 comprises a display 32 for providing at least parts of the virtual scene
22 to a user in a form that is perceived visually by the user. The display 32 may be a
visual display that provides light that displays at least parts of the virtual scene 22 to a
user. Examples of visual displays include liquid crystal displays, organic light emitting
displays, emissive, reflective, transmissive and transflective displays, direct retina

projection display, near eye displays etc.

The display 32 is controlled in this example but not necessarily all examples by a
controller 42.

Implementation of a controller 42 may be as controller circuitry. The controller 42 may be
implemented in hardware alone, have certain aspects in software including firmware alone

or can be a combination of hardware and software (including firmware).

As illustrated in Fig 4 the controller 42 may be implemented using instructions that enable
hardware functionality, for example, by using executable computer program instructions
48 in a general-purpose or special-purpose processor 40 that may be stored on a
computer readable storage medium (disk, memory etc) to be executed by such a

processor 40.

The processor 40 is configured to read from and write to the memory 46. The processor
40 may also comprise an output interface via which data and/or commands are output by
the processor 40 and an input interface via which data and/or commands are input to the

processor 40.
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The memory 46 stores a computer program 48 comprising computer program instructions
(computer program code) that controls the operation of the apparatus 30 when loaded into
the processor 40. The computer program instructions, of the computer program 48,
provide the logic and routines that enables the apparatus to perform the methods
illustrated in Figs 5A & 5B. The processor 40 by reading the memory 46 is able to load

and execute the computer program 48.

The apparatus 30 therefore comprises:

at least one processor 40; and

at least one memory 46 including computer program code 48

the at least one memory 46 and the computer program code 48 configured to, with the at
least one processor 40, cause the apparatus 30 at least to perform:

enabling a first user-input mode, in which user selection of a displayed virtual object in a
virtual scene is in response to a combination of gaze direction detection and selection
gesture detection; and

enabling in response to user selection of the displayed virtual object in the virtual scene
during the first user-input mode, a second different user-input mode for the selected
virtual object, in which performance of an action in relation to the selected virtual object in
the virtual scene is in response to action gesture detection without dependence upon gaze

detection.

The computer program 48 may arrive at the apparatus 30 via any suitable delivery
mechanism. The delivery mechanism may be, for example, a non-transitory computer-
readable storage medium, a computer program product, a memory device, a record
medium such as a compact disc read-only memory (CD-ROM) or digital versatile disc
(DVD), an article of manufacture that tangibly embodies the computer program 48. The
delivery mechanism may be a signal configured to reliably transfer the computer program
48. The apparatus 30 may propagate or transmit the computer program 48 as a computer

data signal.

Although the memory 46 is illustrated as a single component/circuitry it may be
implemented as one or more separate components/circuitry some or all of which may be
integrated/removable and/or may provide permanent/semi-permanent/ dynamic/cached

storage.
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Although the processor 40 is illustrated as a single component/circuitry it may be
implemented as one or more separate components/circuitry some or all of which may be

integrated/removable. The processor 40 may be a single core or multi-core processor.

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

etc.

As used in this application, the term ‘circuitry’ refers to all of the following:

(a) hardware-only circuit implementations (such as implementations in only analog and/or
digital circuitry) and

(b) to combinations of circuits and software (and/or firmware), such as (as applicable): (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 together to cause an
apparatus, such as a mobile phone or server, to perform various functions) and

(c) to circuits, such as a microprocessor(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.

This definition of ‘circuitry’ applies to all uses of this term in this application, including in
any claims. As a further example, as used in this application, the term “circuitry” would
also cover an implementation of merely a processor (or multiple processors) or portion of
a processor and its (or their) accompanying software and/or firmware. The term “circuitry”
would also cover, for example and if applicable to the particular claim element, a
baseband integrated circuit or applications processor integrated circuit for a mobile phone
or a similar integrated circuit in a server, a cellular network device, or other network

device.
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The blocks illustrated in the Figs 5A & 5B may represent steps in a method and/or
sections of code in the computer program 48. The illustration of a particular order to the
blocks does not necessarily imply that there is a required or preferred order for the blocks
and the order and arrangement of the block may be varied. Furthermore, it may be

possible for some blocks to be omitted.

The apparatus 30 may enable mediated reality and/or augmented reality and/or virtual
reality, for example using the method 60 illustrated in Fig 5A or a similar method. The
controller 42 stores and maintains a model 50 of the virtual space 20. The model may be
provided to the controller 42 or determined by the controller 42. For example, sensors in
input circuitry 44 may be used to create overlapping depth maps of the virtual space from

different points of view and a three dimensional model may then be produced.

At block 62 it is determined whether or not the model of the virtual space 20 has changed.
If the model of the virtual space 20 has changed the method moves to block 66. If the

model of the virtual space 20 has not changed the method moves to block 64.

At block 64 it is determined whether or not the point of view 24 in the virtual space 20 has
changed. If the point of view 24 has changed the method moves to block 66. If the point of

view 24 has not changed the method returns to block 62.

At block 66, a two-dimensional projection of the three-dimensional virtual space 20 is
taken from the location 23 and in the direction 25 defined by the current point of view 24.
The projection is then limited by the field of view 26 to produce the virtual scene 22.The

method then returns to block 62.

Where the apparatus 30 enables augmented reality, the virtual space 20 comprises
objects 11 from the real space 10 and also visual elements 28 not present in the real
space 10. The combination of such visual elements 28 may be referred to as the artificial
virtual space. Fig 5B illustrates a method 70 for updating a model of the virtual space 20

for augmented reality.

At block 72 it is determined whether or not the real space 10 has changed. If the real
space 10 has changed the method moves to block 76. If the real space 10 has not
changed the method moves to block 74. Detecting a change in the real space 10 may be
achieved at a pixel level using differentiating and may be achieved at an object level using
computer vision to track objects as they move.
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At block 74 it is determined whether or not the artificial virtual space has changed. If the
artificial virtual space has changed the method moves to block 76. If the artificial virtual
space has not changed the method returns to block 72. As the artificial virtual space is

generated by the controller 42 changes to the visual elements 28 are easily detected.
At block 76, the model of the virtual space 20 is updated.

The apparatus 30 may enable user-interactive mediation for mediated reality and/or
augmented reality and/or virtual reality. The user input circuitry 44 detects user actions
using user input 43. These user actions are used by the controller 42 to determine what
happens within the virtual space 20. This may enable interaction with a visual element 28
within the virtual space 20.

The apparatus 30 may enable perspective mediation for mediated reality and/or
augmented reality and/or virtual reality. The user input circuitry 44 detects user actions.
These user actions are used by the controller 42 to determine the point of view 24 within
the virtual space 20, changing the virtual scene 22. The point of view 24 may be
continuously variable in position and/or direction and user action changes the position
and/or direction of the point of view 24. Alternatively, the point of view 24 may have
discrete quantised positions and/or discrete quantised directions and user action switches

by jumping to the next position and/or direction of the point of view 24.

The apparatus 30 may enable first person perspective for mediated reality, augmented
reality or virtual reality. The user input circuitry 44 detects the user’s real point of view 14
using user point of view sensor 45. The user’s real point of view is used by the controller
42 to determine the point of view 24 within the virtual space 20, changing the virtual scene
22. Referring back to Fig 3A, a user 18 has a real point of view 14. The real point of view
may be changed by the user 18. For example, a real location 13 of the real point of view
14 is the location of the user 18 and can be changed by changing the physical location 13
of the user 18. For example, a real direction 15 of the real point of view 14 is the direction
in which the user 18 is looking and can be changed by changing the real direction of the
user 18. The real direction 15 may, for example, be changed by a user 18 changing an
orientation of their head or view point and/or a user changing a direction of their gaze. A

head-mounted apparatus 30 may be used to enable first-person perspective mediation.

In some but not necessarily all examples, the apparatus 30 comprises as part of the input

circuitry 44 point of view sensors 45 for determining changes in the real point of view.
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For example, positioning technology such as GPS, triangulation (trilateration) by
transmitting to multiple receivers and/or receiving from multiple transmitters, acceleration
detection and integration may be used to determine a new physical location 13 of the user

18 and real point of view 14.

For example, accelerometers, electronic gyroscopes or electronic compasses may be
used to determine a change in an orientation of a user’s head or view point and a

consequential change in the real direction 15 of the real point of view 14.

For example, pupil tracking technology, based for example on computer vision, may be
used to track movement of a user’s eye or eyes and therefore determine a direction of a

user’'s gaze and consequential changes in the real direction 15 of the real point of view 14.

The apparatus 30 may comprise as part of the input circuitry 44 image sensors 47 for

imaging the real space 10.

An example of an image sensor 47 is a digital image sensor that is configured to operate
as a camera. Such a camera may be operated to record static images and/or video images
In some, but not necessarily all embodiments, cameras may be configured in a stereoscopic
or other spatially distributed arrangement so that the real space 10 is viewed from different
perspectives. This may enable the creation of a three-dimensional image and/or processing

to establish depth, for example, via the parallax effect.

In some, but not necessarily all embodiments, the input circuitry 44 comprises depth
sensors 49. A depth sensor 49 may comprise a transmitter and a receiver. The transmitter
transmits a signal (for example, a signal a human cannot sense such as ultrasound or
infrared light) and the receiver receives the reflected signal. Using a single transmitter and
a single receiver some depth information may be achieved via measuring the time of flight
from transmission to reception. Better resolution may be achieved by using more
transmitters and/or more receivers (spatial diversity). In one example, the transmitter is
configured to ‘paint’ the real space 10 with light, preferably invisible light such as infrared
light, with a spatially dependent pattern. Detection of a certain pattern by the receiver allows
the real space 10 to be spatially resolved. The distance to the spatially resolved portion of
the real space 10 may be determined by time of flight and/or stereoscopy (if the receiver is

in a stereoscopic position relative to the transmitter).

In some but not necessarily all embodiments, the input circuitry 44 may comprise

communication circuitry 41 in addition to or as an alternative to one or more of the image



10

15

20

25

30

WO 2017/009529 PCT/F12016/050505

12

sensors 47 and the depth sensors 49. Such communication circuitry 41 may communicate
with one or more remote image sensors 47 in the real space 10 and/or with remote depth

sensors 49 in the real space 10.

Figs 6A and 6B illustrate examples of apparatus 30 that enable display of at least parts of

the virtual scene 22 to a user.

Fig 6A illustrates a handheld apparatus 31 comprising a display screen as display 32 that
displays images to a user and is used for displaying the virtual scene 22 to the user. The
apparatus 30 may be moved deliberately in the hands of a user in one or more of the
previously mentioned six degrees of freedom. The handheld apparatus 31 may house the
sensors 45 for determining changes in the real point of view from a change in orientation

of the apparatus 30.

The handheld apparatus 31 may be or may be operated as a see-video arrangement for
augmented reality that enables a live or recorded video of a real scene 12 to be displayed
on the display 32 for viewing by the user while one or more visual elements 28 are
simultaneously displayed on the display 32 for viewing by the user. The combination of
the displayed real scene 12 and displayed one or more visual elements 28 provides the

virtual scene 22 to the user.

If the handheld apparatus 31 has a camera mounted on a face opposite the display 32, it
may be operated as a see-video arrangement that enables a live real scene 12 to be
viewed while one or more visual elements 28 are displayed to the user to provide in

combination the virtual scene 22.

Fig 6B illustrates a head-mounted apparatus 33 comprising a display 32 that displays
images to a user. The head-mounted apparatus 33 may be moved automatically when a
head of the user moves. The head-mounted apparatus 33 may house the sensors 45 for

gaze direction detection and/or selection gesture detection.

The head-mounted apparatus 33 may be a see-through arrangement for augmented
reality that enables a live real scene 12 to be viewed while one or more visual elements
28 are displayed by the display 32 to the user to provide in combination the virtual scene
22. In this case a visor 34, if present, is transparent or semi-transparent so that the live

real scene 12 can be viewed through the visor 34.
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The head-mounted apparatus 33 may be operated as a see-video arrangement for
augmented reality that enables a live or recorded video of a real scene 12 to be displayed
by the display 32 for viewing by the user while one or more visual elements 28 are
simultaneously displayed by the display 32 for viewing by the user. The combination of the
displayed real scene 12 and displayed one or more visual elements 28 provides the virtual

scene 22 to the user. In this case a visor 34 is opague and may be used as display 32.

Other examples of apparatus 30 that enable display of at least parts of the virtual scene

22 to a user may be used.

For example, one or more projectors may be used that project one or more visual
elements to provide augmented reality by supplementing a real scene of a physical real
world environment (real space). The sensors 45 for for gaze direction detection and/or

selection gesture detection.

For example, multiple projectors or displays may surround a user to provide virtual reality
by presenting a fully artificial environment (a virtual space) as a virtual scene to the user.

The sensors 45 for for gaze direction detection and/or selection gesture detection.

Referring back to Fig 4, an apparatus 30 may enable user-interactive mediation for

mediated reality and/or augmented reality and/or virtual reality. The user input circuitry 44
detects user actions using user input 43. These user actions are used by the controller 42
to determine what happens within the virtual space 20. This may enable interaction with a

visual element 28 within the virtual space 20.

The detected user actions may, for example, be gestures performed in the real space 10.
Gestures may be detected in a number of ways. For example, depth sensors 49 may be
used to detect movement of parts a user 18 and/or or image sensors 47 may be used to
detect movement of parts of a user 18 and/or positional/movement sensors attached to a

limb of a user 18 may be used to detect movement of the limb.

Object tracking may be used to determine when an object or user changes. For example,
tracking the object on a large macro-scale allows one to create a frame of reference that
moves with the object. That frame of reference can then be used to track time-evolving
changes of shape of the object, by using temporal differencing with respect to the object.
This can be used to detect small scale human motion such as gestures, hand movement,

facial movement. These are scene independent user (only) movements relative to the user.
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The apparatus 30 may track a plurality of objects and/or points in relation to a user’s body,
for example one or more joints of the user’'s body. In some examples, the apparatus 30 may

perform full body skeletal tracking of a user’s body.

The tracking of one or more objects and/or points in relation to a user's body may be used

by the apparatus 30 in gesture recognition and so on.

Referring to Fig 7A, a particular gesture 80 in the real space 10 is a gesture user input used
as a ‘user control’ event by the controller 42 to determine what happens within the virtual
space 20. A gesture user input is a gesture 80 that has meaning to the apparatus 30 as a
user input.

Referring to Fig 7B, illustrates that in some but not necessarily all examples, a
corresponding representation of the gesture 80 in real space is rendered in the virtual scene
22 by the apparatus 30. The representation involves one or more visual elements 28 moving

82 to replicate or indicate the gesture 80 in the virtual scene 22.

A gesture 80 may be static or moving. A moving gesture may comprise a movement or a
movement pattern comprising a series of movements. For example it could be making a
circling motion or a side to side or up and down motion or the tracing of a sign in space. A
moving gesture may, for example, be an apparatus-independent gesture or an apparatus-
dependent gesture. A moving gesture may involve movement of a user input object e.g. a
user body part or parts, or a further apparatus, relative to the sensors. The body part may
comprise the user’s hand or part of the user’s hand such as one or more fingers and thumbs.
In other examples, the user input object may comprise a different part of the body of the
user such as their head or arm. Three-dimensional movement may comprise motion of the
user input object in any of six degrees of freedom. The motion may comprise the user input
object moving towards or away from the sensors as well as moving in a plane parallel to the

sensors or any combination of such motion.

A gesture 80 may be a non-contact gesture. A non-contact gesture does not contact the

sensors at any time during the gesture.

A gesture 80 may be an absolute gesture that is defined in terms of an absolute
displacement from the sensors. Such a gesture may be tethered, in that it is performed at a
precise location in the real space 10. Alternatively a gesture 80 may be a relative gesture

that is defined in terms of relative displacement during the gesture. Such a gesture may be
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un-tethered, in that it need not be performed at a precise location relative in the real space

10 and may be performed at a large number of arbitrary locations.

A gesture 80 may be defined as evolution of displacement, of a tracked point relative to an
origin, with time. It may, for example, be defined in terms of motion using time variable
parameters such as displacement, velocity or using other kinematic parameters. An un-
tethered gesture may be defined as evolution of relative displacement Ad with relative time
At.

A gesture 80 may be performed in one spatial dimension (1D gesture), two spatial

dimensions (2D gesture) or three spatial dimensions (3D gesture).

Fig 8 illustrates an example of a general method 100, which may be understood with
reference to the more detailed methods 110 of Figs 9 and 10 and the particular
implementations described in Figs 11-14. This method 100 may, for example, be performed
by the controller 42. The method 100 enables the selection by a user of a virtual object 21

and enables user performance of an action on the selected virtual object 21.

The method 110 comprises, at block 102, enabling a first user-input mode. In the first user-
input mode user selection of a displayed virtual object 21 in a virtual scene 22 occurs in

response to a combination of gaze direction detection and selection gesture detection.

In response to user selection of the displayed virtual object 21 in the virtual scene during
the first user-input mode, the method then comprises, at block 104, enabling a second
different user-input mode for the selected virtual object 21. In the second user-input mode,
performance of an action in relation to the selected virtual object 21 in the virtual scene 22

is in response to action gesture detection without dependence upon gaze detection.

The user therefore selects a displayed virtual object 21 using both gaze direction and a
selection gesture but then performs an action on the selected virtual object 21 using only
an action gesture without the need for combining the action gesture with a particular gaze

direction.

Fig 9 illustrates a more detailed example 110 of the method 100 of Fig 8.

At block 111, the method 110 comprises enabling a first user-input mode.
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While in this first user-input mode, at block 112 the method 110 determines when there is
a combination of gaze direction detection for a displayed virtual object 21 and selection
gesture detection for the displayed virtual object 21. In response, the method 110 at block
113 determines that the user has selected the displayed virtual object 21 in the virtual
scene 22 and, and at block 114 enables a second different user-input mode for the

selected virtual object 21.

While in this second user-input mode, at block 115 the method 110 determines when
there is action gesture detection for the selected displayed virtual object 21(without
requiring gaze detection). In response, the method 110 at block 116 performs an action in

relation to the selected virtual object 21 in the virtual scene 22.

While in this second user-input mode, if the method 110 determines that there is de-
selection gesture detection, for example as illustrated in block 117, the method 110
returns to the first user-input mode, for example as illustrated at block 118. It should,
however, be appreciated that block 117 and 118 may occur at a different stage in the
method 110, for example, between blocks 114 & 115, or between blocks 115 & 116.

Fig 10 illustrates a modification to the method 110 illustrated in Fig 9. The blocks 111 to

114 are as described in relation to Fig 10.

While in the second user-input mode, at block 120, if the method 110 determines that
there is a selection gesture detection for a further displayed virtual object 21 in the virtual
scene 22, for a predetermined length of time, then the user has selected the displayed
further virtual object 21 and at block 121 the method 110 enables a third user-input mode

for the selected virtual object 21 and the selected further virtual object 21.

While in this third user-input mode, at block 122 the method 110 determines when there is
action gesture detection (without requiring gaze detection). In response, the method 110
at block 123 performs a common action in relation to the selected virtual object 21 and the

selected further virtual object 21 in the virtual scene 22.

While in the third user-input mode, if the method 110 determines that there is de-selection

gesture detection, for example as illustrated in block 124, the method 110 returns to the
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first user-input mode, for example as illustrated at block 125. It should, however, be

appreciated that block 124 and125 may occur at a different stage in the method 110.

Gaze direction detection may, for example, comprise detection of a gaze of a user

towards a displayed virtual object 21 in the virtual scene 22.

Gaze direction detection may, for example, be achieved by measuring a user’s head
movement without measuring a user’s eye movement. Alternatively, gaze direction
detection may, for example, be achieved by measuring a user’s eye movement without
measuring a user’'s head movement. Alternatively, gaze direction detection may, for
example, be achieved by measuring a user’s eye movement and measuring a user’s head

movement.

Once a direction of a user’s gaze in the virtual space 20 has been determined, the gaze
direction may be translated into putative locations in the virtual space 20. If one or more of
the putative locations in the virtual space correspond to a location of a virtual object 21 in

the virtual space, then the user’s gaze is determined to be towards that virtual object 21.

Selection gesture detection may, for example, comprise detection of one or more gestures

towards the displayed virtual object 21 in the virtual scene.

Once a direction of a user’s gesture in the virtual space 20 has been determined, the
gesture direction may be translated into putative locations in the virtual space 20. If one or
more of the putative locations in the virtual space correspond to a location of a virtual
object 21 in the virtual space, then the user’s gesture is determined to be towards that

virtual object 21.

The combination of gaze direction detection and selection gesture detection may, for
example, comprise detection of a gaze of a user towards a displayed virtual object 21 in
the virtual scene 22 and detection of one or more gestures towards the same displayed

virtual object 21 in the virtual scene.

Figs 11-14 illustrate some examples of gaze and selection gesture detection and action

gesture detection.
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Selection gesture detection may, for example, comprise: detecting a first predetermined
gesture 210; and detecting a predetermined change 212 in the first predetermined gesture
210.

The change in the first predetermined gesture 202 may be a change of a hand or hands
202 from a first state to a second state. Then detecting an action gesture may, for example,
comprise maintaining the hand or hands 202 in the second state while moving the hand or
hands 202 through space in the second state. A return to the first user input mode, may be
achieved in response to changing the hand or hands 202 from the second state to the first
state. The first state may be one of fist unclenched and fist clenched and the second state
is the other of first unclenched and fist clenched. The first state may be two fists unclenched
(Fig 11A, 11D) or one fist unclenched (Fig 13A, 13D) for example. The second state may
be two fists clenched (Fig 11B, 11C) or one fist clenched (Fig 13B, 13C) for example.

The virtual object 21 may, for example, be an artificial visual element 28 within the virtual
space 20. The action performed in relation to the selected virtual object 21 (artificial visual
element 28) in response to action gesture detection may, for example be varying the

selected virtual object or varying content associated with the selected virtual object.

In Figs 11A-11D, the action is moving a virtual window 220 in the virtual scene 22 in
response to a two-handed action gesture 214. The content 222 in the virtual window 220

moves with the virtual window 220.

In Figs 13A-13D, the action is changing content 222 within a virtual window 220 that is fixed

relative to the virtual scene 22 in response to a first one-handed action gesture 214.

Referring to Fig 11A a user 18 gazes 230 towards a virtual window 220 comprising content
222. The virtual content is pinned to a wall in this example. The user performs a two-handed
gesture 210 towards the virtual window 220. The two-handed gesture 210 involves having
both hands 202 unclenched and extending the user's arms towards the virtual window 220

in a two-handed pushing gesture.

Then as illustrated in Fig 11B, the user while still gazing 230 towards the virtual window 220

clenches both hands to form fists in a two-handed grabbing action 212.
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The combination of the gaze towards the virtual window 220 in combination with the
sequence of two-handed push 210 followed by two handed grab 212 is detected and causes

the virtual window 220 to be ‘user selected’ by the controller 42.

Referring to Fig 11C, now that the virtual window 220 has been selected, which may be
highlighted visually in the virtual scene 22, the user can perform an action gesture 214 to
move the virtual window 220 within the virtual scene 22. The action gesture 214 maintains
the two-handed grabbing gesture 212 but changes the position of the two fists in space
while maintaining approximately the same separation between them. Fig 12 illustrates that
the virtual window 220 may, in some examples, be moved in 6 or less degrees of freedom.
Motion in the six degrees of freedom corresponds to motion relative to the three orthogonal
linear axes (front/back; left/right; up/down) and the three axis of rotation associated with the

respective orthogonal linear axes (roll, pitch, yaw).

In Fig 11C, the user 18 moves the selected virtual window 220 to the right from one wall to

another.

In Fig 11D, the user 18 de-selects the virtual window 220 by changing the two-handed
gesture to a de-selection gesture 216 by opening his or her hands 202 to be unclenched.
The moved virtual window 220 is now de-selected and if it is to be moved steps equivalent

to Figs 11A to 11D will need to be performed.

Referring to Fig 13A a user 18 gazes 230 towards a virtual window 220 comprising content
222. The content 222 is pinned to a wall in this example. The user performs a one-handed
gesture 210 towards the virtual window 220 and content 222. The one-handed gesture 210
involves extending one unclenched hand 202 towards the virtual window 220 and content

222 in a one-handed pushing gesture.

Then as illustrated in Fig 13B, the user while still gazing 230 towards the virtual window 220
and content 222 clenches the extended hand 202 to form a fist in a one-handed grabbing
action 212.

The combination of the gaze towards the virtual window 220 and content 222 in combination
with the sequence of one-handed push 210 followed by the same handed grab 212 is

detected and causes the content 222 to be ‘user selected’ by the controller 42.

The controller 42 is able to disambiguate user selection of the virtual window 220 and user
selection of the content 222 by disambiguating between two-handed and one-handed
gestures 210, 212.
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Referring to Fig 13C, now that the content 222 has been selected, which may be highlighted
visually in the virtual scene 22, the user can perform an action gesture 214 to change the
content 222 within the fixed virtual window 220. The virtual window 220 does not move
relative to the virtual scene 22 but the content 222 changes within the virtual window 220.
The action gesture 214 maintains the one-handed grabbing gesture 212 but changes the
position of the one fist in space. Fig 14 illustrates that the content 222 may, in some
examples, be moved in 3 degrees of freedom corresponding to motion relative to the three
orthogonal linear axes (front/back; left/right; up/down). For example, content 222 may be
panned left/right and/or up/down within the virtual window 220 in response to a first one-
handed action gesture 214 in respective left/right directions and/or up/down directions. For
example, content 222 may be re-sized by zooming in or zooming out relative to the virtual
window 220 in response to the first one-handed action gesture 214 in respective forward or

backwards directions.

In Fig 13C, the user 18 moves the selected content 222 to the right.

In Fig 13D, the user 18 de-selects the content 222 by changing the one-handed gesture to
a de-selection gesture 216 by opening his or her hand 202 to be unclenched. The moved
content 222 is now de-selected and if it is to be moved steps equivalent to Figs 13A to 13D

will need to be performed.

It will be appreciated that the examples described above in relation to Figs 11-14 correspond
to the method 100 of Fig 8 and method 110 of Fig 9. However, the method 110 of Fig 10
may also be used in the examples described above in relation to Figs 11-14. During the
second user-input mode, the controller 42 enables selection of a displayed further virtual
object 21 in the virtual scene 22 in response to a combination of gaze direction detection
and selection gesture detection. It may for example be detected that the gesture 212 used
to select the virtual object 21 has not changed and that the user’s gaze has been directed
to a further virtual object 21 for a time exceeding a predetermined threshold time. A visual
indication may be provided of how the time the user's gaze has been directed to a further
virtual object compares with the predetermined threshold time. In response to user selection
of the displayed further virtual object 21 in the virtual scene 22 during the second user-
input mode, a third different user-input mode for the selected virtual object 21 and the

selected further virtual object 21 is enabled. In the third user-input mode, the user action
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gesture 214, which in the second user input mode would have applied to only the virtual
object 21, now in the third user input mode applies to both the selected virtual object and
the selected further virtual object in the virtual scene 22. The de-selection gesture, when
detected, causes a return to the first user input mode i.e. it de-selects both the virtual object
21 and the further virtual object 21.

The user action gesture 214 is not dependent upon gaze detection, whereas the gestures
210, 212 are dependent upon gaze 230 in that user action gesture 214 has meaning
irrespective of gaze 230 whereas gestures 210, 212 have meaning in combination with

specific gaze conditions.

The de-select gesture 216 is not dependent upon gaze detection, whereas the gestures
210, 212 are dependent upon gaze 230 in that de-select gesture 216 has meaning
irrespective of gaze 230 whereas gestures 210, 212 have meaning in combination with

specific gaze conditions.

The methods described in relation to Figs 8 to 14 may be performed by an apparatus 30 for
mediated reality, virtual reality or augmented reality, for example, they may be performed,
for example, as described with reference to Figs 6A, 6B and the additional examples. For
example, the head-mounted apparatus 33 of Fig 6B may be configured for augmented
reality. The head-mounted apparatus 33 may provide a see-through arrangement for

augmented reality and/or a see-video arrangement for augmented reality.

Such an apparatus 30 may be configured for perspective mediation. The user input
circuitry 44 may detect user actions that are used by the controller 42 to determine the
point of view 24 within the virtual space 20, changing the virtual scene 22 as described

above.

Where the apparatus 30 provides augmented reality, the apparatus 30 may be configured
for first person perspective mediation. The user input circuitry 44 may detect the user's
real point of view 14 using user point of view sensor 45. The user’s real point of view is
used by the controller 42 to determine the point of view 24 within the virtual space 20,
changing the virtual scene 22. The real direction 15 may, for example, be changed by a
user 18 changing an orientation of their head or view point and/or a user changing a

direction of their gaze.
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The methods described in relation to Figs 8 to 14, describe the use of various gestures
210, 212, 214, 216 for selecting (with gaze), performing an action on and de-selecting a
virtual object (or objects). The gestures described above are illustrative and different
gestures may be used.

The gestures may, for example, be movement of a user input object e.g. a user body part
or parts, or a further apparatus. The movement may be in three-dimensions. The gestures
may be non-contact gestures that do not contact the apparatus 30. The gestures may be
relative gestures (measured by relative displacement during the gesture) and may be un-

tethered (not precise location)

In some but not necessarily all embodiment, a representation a gesture is rendered in the
virtual scene 22 by the apparatus 30. The representation involves one or more visual

elements moving to replicate or indicate the gesture in the virtual scene 22.

Where a structural feature has been described, it may be replaced by means for
performing one or more of the functions of the structural feature whether that function or

those functions are explicitly or implicitly described.

As used here ‘module’ refers to a unit or apparatus that excludes certain
parts/components that would be added by an end manufacturer or a user. The controller
42 may, for example be a module. The apparatus 30 may be a module. The input circuitry

may be a module or comprise modules. The display 32 may be a module.

The term ‘comprise’ is used in this document with an inclusive not an exclusive meaning.
That is any reference to X comprising Y indicates that X may comprise only one Y or may
comprise more than one Y. If it is intended to use ‘comprise’ with an exclusive meaning then
it will be made clear in the context by referring to “comprising only one..” or by using

“consisting”.

In this brief description, reference has been made to various examples. The description of
features or functions in relation to an example indicates that those features or functions are
present in that example. The use of the term ‘example’ or ‘for example’ or ‘may’ in the text
denotes, whether explicitly stated or not, that such features or functions are present in at
least the described example, whether described as an example or not, and that they can
be, but are not necessarily, present in some of or all other examples. Thus ‘example’, ‘for

example’ or ‘may’ refers to a particular instance in a class of examples. A property of the
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instance can be a property of only that instance or a property of the class or a property of a
sub-class of the class that includes some but not all of the instances in the class. It is
therefore implicitly disclosed that a features described with reference to one example but
not with reference to another example, can where possible be used in that other example

but does not necessarily have to be used in that other example.

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

invention as claimed.

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

the combinations explicitly described.

Although functions have been described with reference to certain features, those functions

may be performable by other features whether described or not.

Although features have been described with reference to certain embodiments, those

features may also be present in other embodiments whether described or not.

Whilst endeavoring in the foregoing specification to draw attention to those features of the
invention believed to be of particular importance it should be understood that the Applicant
claims protection in respect of any patentable feature or combination of features
hereinbefore referred to and/or shown in the drawings whether or not particular emphasis

has been placed thereon.

l/'we claim:
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CLAIMS

1. A method comprising:

enabling a first user-input mode, in which user selection of a displayed virtual object in a
virtual scene is in response to a combination of gaze direction detection and selection
gesture detection; and

enabling in response to user selection of the displayed virtual object in the virtual scene
during the first user-input mode, a second different user-input mode for the selected
virtual object, in which performance of an action in relation to the selected virtual object in
the virtual scene is in response to action gesture detection without dependence upon gaze

detection.

2. A method as claimed in claim 1, further comprising gaze detection comprising detection

of a gaze of a user towards the displayed virtual object in the virtual scene.

3. A method as claimed in claim 1 or 2, further comprising detecting a combination of gaze
direction detection and selection gesture detection, selection gesture detection
comprising: detecting a first predetermined gesture; and detecting a predetermined

change in the first predetermined gesture.

4. A method as claimed in claim 3, wherein the change in the first predetermined gesture

is a change of a hand or hands from a first state to a second state.

5. A method as claimed in claim 4, comprising detecting an action gesture wherein the
action gesture comprises maintaining the hand or hand in the second state while moving

the hand or hands through space in the second state.

6. A method as claimed in claim 3 or 4, comprising enabling a return to the first user input

mode, in response to changing the hand or hand from the second state to the first state.

7. A method as claimed in claim 3, 4, 5 or 6, wherein the first state is one of fist
unclenched and fist clenched and second state is other of first unclenched and fist

clenched.
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8. A method as claimed in any preceding claim, wherein the performance of the action in
relation to the selected virtual object in response to action gesture detection without

dependence upon gaze detection, comprises varying the selected virtual object.

9. A method as claimed in any preceding claim, wherein the performance of the action in
relation to the selected virtual object in response to action gesture detection without
dependence upon gaze detection, comprises varying content associated with the selected

virtual object.

10. A method as claimed in any preceding claim, wherein the performance of the action in
relation to the selected virtual object in response to action gesture detection without
dependence upon gaze detection, comprises one or more of:

moving virtual window comprising content in response to a two-handed action gesture;
panning content within a virtual window in response to a first one-handed action gesture;
re-sizing content within a virtual window in response to a second one-handed action

gesture, different to the first one handed gesture.

11. A method as claimed in any preceding claim, further comprising:

during the second user-input mode, enabling selection of a displayed further virtual
object in the virtual scene in response to a combination of gaze direction detection and
selection gesture detection; enabling in response to user selection of the displayed further
virtual object in the virtual scene during the second user-input mode, a third different
user-input mode for the selected virtual object and the selected further virtual object, in
which performance of a common action in relation to the selected virtual object and the
selected further virtual object in the virtual scene is in response to action gesture detection

without dependence upon gaze detection.

12. A method as claimed in any preceding claim, further comprising enabling a return to
the first user input mode, in response to de-selection gesture detection without

dependence upon gaze detection.

13. An apparatus comprising means for performing the method of at least one of claims 1
to 12.
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14. An apparatus as claimed in claim 13 further configured as a head-mounted apparatus

for augmented reality.

15. Computer program code, that when performed by at least one processor, causes at

least the method of at least one of claims 1 to 12 to be performed.
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