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ABSTRACT A communications system including: first and second communications de-
vices, each communications device including an antenna, a location system that determines
a location of at least one of the first and second communications devices, a control system
that receives a location indication indicative of the location from the location system, de-
termines a relative location of the first and second communications devices and selectively
controls a transmitting antenna of at least one of the first and second communications de-
vices in accordance with the relative position to thereby optimise communication between

the first and second communications devices.
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ANTENNA CONTROL FOR MOBILE DEVICE COMMUNICATION

Background of the Invention

[0001] The present invention relates to a system and method for controlling an antenna for
allowing communications between first and second communications devices, and in one

particular example for optimising communication with a mobile device.

Description of the Prior Art

[0002] The reference in this specification to any prior publication (or information derived
from it), or to any matter which is known, is not, and should not be taken as an
acknowledgment or admission or any form of suggestion that the prior publication (or
information derived from it) or known matter forms part of the common general knowledge

in the field of endeavour to which this specification relates.

[0003] It is known to provide multiplayer venues for games, such as laser tag. In this
instance, each player wears equipment such as infrared-sensitive targets, which can be shot

by lasers of other players.

[0004] In recent years, virtual and augmented reality systems have been developed in which
content is provided to a wearable display device, such as a Head Mounted Display (HMD),
which displays information to a wearer based on the relative spatial position and/or
orientation of the display device. Such systems operate by generating images based on
information regarding the pose (position and orientation) of the display device, so that as the

display device moves, the images are updated to reflect the new pose of the display device.

[0005] In order to avoid motion sickness, it is important that the time difference between
collection of the pose information and creation of the corresponding image is minimised,
particularly in circumstances where the display device is moving rapidly. This, coupled with
the need to generate high resolution images so that these appear as lifelike as possible, means
that significant processing hardware is required. As a result, high end existing systems
typically require a static desktop computer with a high bandwidth and low latency connection

to the display device. Consequently, current systems such as the HTC Vive™, Oculus Rift™
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and Playstation VR™ require a wired connection between the computer and the HMD, which

is inconvenient.

[0006] Whilst wireless systems have been developed, the transmission requirements make

these unsuitable for use in multiple player scenarios with existing hardware infrastructure.

[0007] A further issue with wireless transmission systems is ensuring adequate signal
strength and bandwidth, with minimal latency. In this regard, when using beam forming in a
phased antenna array, the array typically performs a scan, known as a sweep, in which the
beam is swept over a region in which the receiver is located in order to identify the particular
beam configuration that results in the strongest received signal. The sweep process typically
takes an amount of time, such as 20ms, which can in turn lead to reductions in transmission
bandwidth and increased latency, which is undesirable. Furthermore, in the event that a
beam steering process loses contact with the counterpart antenna, it must perform a broader
sweep and then subsequent narrowing focus procedure to find the antenna again, which
introduces further latency, and which can often result in a drop out of video signals and head
tracking when used in digital reality scenarios. This in turn leads to a further latency to allow

the entire system to reconnect.

[0008] An additional associated problem in multi-player venues is that of interference
between wireless communications with different headsets. In this regard, communication
between headsets and a base station is typically two way, with antennas on both the base
station and headsets using signal sweeps to optimise the signal. Sweeps performed by
multiple headsets can result in significant interference, in turn resulting in lost data packets

and a corresponding loss in signal quality.

Summary of the Present Invention

[0009] In one broad form an aspect of the present invention seeks to provide a
communications system including: first and second communications devices, each
communications device including an antenna; a location system that determines a location of
at least one of the first and second communications devices; and, a control system that:

receives a location indication indicative of the location from the location system; determines
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a relative location of the first and second communications devices; and, selectively controls a
transmitting antenna of at least one of the first and second communications devices in
accordance with the relative position to thereby optimise communication between the first

and second communications devices.
[0010] In one embodiment the location is a location within an environment.

[0011] In one embodiment the location system is a positioning system that determines a pose
relative to an environment and wherein the control system: determines a relative pose of the
first and second communications devices; and, selectively controls a transmitting antenna in

accordance with the relative pose.

[0012] In one embodiment the control system controls the antenna to at least one of: adjust

an antenna direction; perform beam steering; and, perform beam forming.

[0013] In one embodiment the at least one of the first and second communications devices
includes a plurality of antennas, and wherein the control system selects a respective one of

the plurality of antennas in accordance with the relative location.

[0014] In one embodiment the control system: determines relative movement of the first and
second communications devices; and, controls a transmitting antenna in accordance with the

relative movement.

[0015] In one embodiment the control system tracks movement of at least one
communications device in accordance with the multiple location indications and controls the

antenna in accordance with the movement.

[0016] In one embodiment the control system determines a relative position of the first and
second communications devices at least in part using a relative movement and a predictive

algorithm.

[0017] In one embodiment the control system: determines a signal strength; determines an

initial communications device location in accordance with the signal strength; and,
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determines a change in mobile device location in accordance with one or more location

indications.

[0018] In one embodiment the location module includes a sensor and determines a

communications device location in accordance with signals from the sensor.

[0019] In one embodiment the sensor includes a range sensor that determines a range of the

communications device from an environment.

[0020] In one embodiment the location module determines the communications device

location using a simultaneous localization and mapping algorithm.

[0021] In one embodiment the antenna is at least one of: a phased antenna array; and, a

movable directional antenna.

[0022] In one embodiment the control system: determines a relative location of the first and
second communications devices within an environment; retrieves an environment map; and,
controls the antenna at least partially in accordance with relative location and the

environment map.

[0023] In one embodiment the environment map is at least one of an occlusion map and a

reflection map.

[0024] In one embodiment the control system: retrieves an occlusion map defining: occlusion
locations; and, a transmission path to avoid the occlusion; and, selectively controls the at

least one antenna in accordance with the relative location and the occlusion map.

[0025] In one embodiment the control system: detects occlusion of a communications device;
controls an antenna to adjust a transmission direction to thereby re-establish communication
with the communications device; determines a communications device location; and, updates

an occlusion map with the communications device location and the transmission direction.
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[0026] In one embodiment the control system: determines a location of at least one other
communications device; and, controls the antenna in accordance with the location of the at

least one other communications device.

[0027] In one embodiment the control system: determines a communications channel used by
the at least one other communications device; and, selectively controls a communications
channel used by the antenna in accordance with the communications channel of the other

communications device.

[0028] In one embodiment the first communications device is a static device, and wherein the
control system determines the relative location using the location of the second

communications device and a known location of the first communications device.

[0029] In one embodiment the first communications device is a static device, and wherein the
control system determines the relative location using the location of the second

communications device and a known location of the first communications device.
[0030] In one embodiment the known location is determined during an initialisation process.

[0031] In one embodiment the communications device includes: a mobile device including: a
location module that determines a mobile device location relative to an environment; a
mobile device transceiver that transmits and receives signals via a mobile device antenna;
and, a mobile device processor that transmits a location indication indicative of the mobile
device location via the mobile device transceiver; and, a base station including: a base station
transmission system that transmits and receives signals to allow communication with the
mobile device, the base station transmission system including at least one antenna; and, a
control system that: receives the location indication from the mobile device via the base
station transmission system; determines the mobile device location; and, selectively controls
the at least one antenna in accordance with the mobile device location to thereby optimise

communication between the base station and mobile device.

[0032] In one embodiment the mobile device includes at least one of: a digital reality

headset; and, a mobile communications device.
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[0033] In one embodiment the mobile device and base station communicate via at least one
of: a cellular communications protocol; a short range wireless communications protocol; and,

a 5G network.

[0034] In one broad form an aspect of the present invention seeks to provide a
communications method for first and second communications devices, each communications
device including an antenna, the method including: using a location system to determine a
location of at least one of the first and second communications devices; and, using a control
system to: receive a location indication indicative of the location from the location system;
determine a relative location of the first and second communications devices; and, selectively
control a transmitting antenna of at least one of the first and second communications devices
in accordance with the relative position to thereby optimise communication between the first

and second communications devices.

[0035] In one broad form an aspect of the present invention seeks to provide a
communications system including: the mobile device including: a location module that
determines a mobile device location relative to an environment; a mobile device transceiver
that transmits and receives signals; and, a mobile device processor that transmits a location
indication indicative of the mobile device location via the mobile device transceiver; and, a
base station including: a base station transmission system that transmits and receives signals
to allow communication with the mobile device, the base station transmission system
including at least one antenna; and, a control system that: receives the location indication
from the mobile device via the base station transmission system; determines the mobile
device location; and, selectively controls the at least one antenna in accordance with the
mobile device location to thereby optimise communication between the base station and

mobile device.

[0036] In one broad form an aspect of the present invention seeks to provide a
communications method for providing communications between a mobile device and a base
station, the method including: in the mobile device: using a location module to determine a
mobile device location relative to an environment; and, in a mobile device processor,

transmitting a location indication indicative of the mobile device location via a mobile device
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transceiver; and, in a control system of the base station: receiving the location indication
from the mobile device via the base station transmission system, the base station transmission
system including at least one antenna; determining the mobile device location; and,
selectively controlling the at least one antenna in accordance with the mobile device location

to thereby optimise communication between the base station and mobile device.

[0037] In one broad form an aspect of the present invention seeks to provide an antenna
control system for communications between first and second communications devices, each
communications device including an antenna, the antenna control system being configured
to: receive a location indication from a location system, the location indication being
indicative of a location of at least one of the first and second communications devices;
determine a relative location of the first and second communications devices; and, selectively
control at least one transmitting antenna in accordance with the relative location to thereby

optimise communication between the communications devices.

[0038] In one embodiment the control system controls the antenna to at least one of: adjust

an antenna direction; perform beam steering; and, perform beam forming.

[0039] In one embodiment the at least one of the first and second communications devices
includes a plurality of antennas, and wherein the control system selects a respective one of

the plurality of antennas in accordance with the relative location.

[0040] In one embodiment the control system: determines relative movement of the first and
second communications devices; and, controls a transmitting antenna in accordance with the

relative movement.

[0041] In one embodiment the control system controls a transmitting antenna at least in part

using a relative movement and a predictive algorithm.

[0042] In one embodiment the control system tracks movement of at least one
communications device in accordance with the multiple location indications and controls the

antenna in accordance with the movement.
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[0043] In one embodiment the control system: determines a signal strength; determines an
initial communications device location in accordance with the signal strength; and,
determines a change in mobile device location in accordance with one or more location

indications.

[0044] In one embodiment the location indication is determined using a simultaneous

localization and mapping algorithm.

[0045] In one embodiment the antenna is at least one of: a phased antenna array; and, a

movable directional antenna.

[0046] In one embodiment the control system: determines a relative location of the first and
second communications devices within an environment; retrieves an environment map; and,
controls the transmitting antenna at least partially in accordance with relative location and the

environment map.

[0047] In one embodiment the environment map is at least one of an occlusion map and a

reflection map.

[0048] In one embodiment the control system: retrieves an occlusion map defining: occlusion
locations; and, a transmission path to avoid the occlusion; and, selectively controls the at

least one antenna in accordance with the relative location and the occlusion map.

[0049] In one embodiment the control system: detects occlusion of a communications device;
controls an antenna to adjust a transmission direction to thereby re-establish communication
with the communications device; determines a communications device location; and, updates

an occlusion map with the communications device location and the transmission direction.

[0050] In one embodiment the control system: determines a location of at least one other
communications device; and, controls the transmitting antenna in accordance with the

location of the at least one other communications device.

[0051] In one embodiment the control system: determines a communications channel used by

the at least one other communications device; and, selectively controls a communications
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channel used by the antenna in accordance with the communications channel of at least one

other communications device.

[0052] In one embodiment the first communications device is a static device, and wherein the
control system determines the relative location using the location of the second

communications device and a known location of the first communications device.

[0053] In one embodiment the first communications device is a static device, and wherein the
control system determines the relative location using the location of the second

communications device and a known location of the first communications device.
[0054] In one embodiment the known location is determined during an initialisation process.

[0055] In one embodiment the communications devices include a mobile device and a base
station and wherein the control system is configured to: receive a location indication from a
mobile device, the location indication being indicative of a mobile device location relative to
an environment; determine the mobile device location; and, selectively control the at least
one antenna in accordance with the mobile device location to thereby optimise

communication between the base station and mobile device.

[0056] In one embodiment the antenna is for communicating using at least one of: a cellular
communications protocol; a short range wireless communications protocol; and, a 5G

network.

[0057] In one broad form an aspect of the present invention seeks to provide an antenna
control method for communications between first and second communications devices, each
communications device including an antenna, the antenna control method including, in a
control system: receiving a location indication from a location system, the location indication
being indicative of a location of at least one of the first and second communications devices;
determining a relative location of the first and second communications devices; and,
selectively controlling at least one transmitting antenna in accordance with the relative

location to thereby optimise communication between the communications devices.
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[0058] In one broad form an aspect of the present invention seeks to provide an antenna
control for mobile device communications, the antenna control system being configured to:
receive a location indication from a mobile device, the location indication being indicative of
a mobile device location relative to an environment; determine the mobile device location;
and, selectively control the at least one antenna in accordance with the mobile device location

to thereby optimise communication between the base station and mobile device.

[0059] In one broad form an aspect of the present invention seeks to provide an antenna
control method for mobile device communications, the antenna control method including, in
an antenna control system: receiving a location indication from a mobile device, the location
indication being indicative of a mobile device location relative to an environment;
determining the mobile device location; and, selectively controlling the at least one antenna
in accordance with the mobile device location to thereby optimise communication between

the base station and mobile device.

[0060] It will be appreciated that the broad forms of the invention and their respective
features can be used in conjunction, interchangeably and/or independently, and reference to

separate broad forms is not intended to be limiting.

Brief Description of the Drawings

[0061] Various examples and embodiments of the present invention will now be described

with reference to the accompanying drawings, in which: -

[0062] Figure 1 is a schematic diagram of a first example of a system for displaying content

to a plurality of users in a multiplayer venue;

[0063] Figure 2A is a schematic diagram of a second example of system for displaying

content to a plurality of users in a multiplayer venue;

[0064] Figure 2B is a schematic diagram showing an example of the positioning of beacons

of the system of Figure 2A;
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[0065] Figure 2C is a schematic diagram of an alternative second example of system for

displaying content to a plurality of users in a multiplayer venue;

[0066] Figure 3 is a flow chart of an example of a process for configuring the system of

Figure 2A;
[0067] Figure 4 is a flow chart of an example of operation of the system of Figure 2A;

[0068] Figure 5 is a schematic diagram showing an example of a transmission system for the

system of Figure 2A;

[0069] Figure 6 is a schematic diagram of an example of a control system for the apparatus

of Figure 2A;

[0070] Figure 7A is a schematic diagram of an example of a location system for the system

of Figure 2A;

[0071] Figure 7B is a schematic diagram of an example of a location system for the system

of Figure 2C;

[0072] Figure 8 is a flow chart of an example of an encoding process;

[0073] Figure 9 is a schematic diagram of an example of an encoding system;

[0074] Figure 10 is a schematic diagram illustrating an occlusion of the display system;

[0075] Figure Figure 11 is a schematic diagram of an example of system for allowing

communication between a mobile device and base station;
[0076] Figure 12 is a flow chart of an example of the operation of the system of Figure 11;

[0077] Figure 13 is a schematic diagram of an example of system for allowing

communication between communication devices.
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Detailed Description of the Preferred Embodiments

[0078] An example of a system for displaying content to a plurality of users in a multiplayer

venue will now be described with reference to Figure 1.

[0079] In this example, the system 100 is designed to be used in a venue 101 in which a
number of users are utilising wearable display systems 120. Each wearable display system
120 is worn by a particular user and generally includes a display device 120.1 that is adapted
to display a content stream, and optionally may include one or more associated controllers
120.2, for example to allow users to interact with presented content. It will be appreciated
that associated components, such as transceivers and display system antennas, sensors and
processing arrangements will also typically be provided and integrated into a wearable

system.

[0080] The content stream typically includes one or more images, and more typically a
sequence of images that are generated and/or displayed based on a relative position and/or
orientation of the display, as occurs for example in the case of VR and AR applications. In
one example, the wearable display system could therefore be an existing commercial display
device, such as an HTC ViveTM, Oculus Rift™ or Playstation VR™ headset, Microsoft
HoloLens™, although it will be appreciated that this is not essential and any suitable

arrangement could be used.

[0081] The system further includes a content system 110 that generates a plurality of content
streams, with each content stream being associated with a corresponding display system. The
content system could be of any appropriate form, and in one example includes one or more

processing systems, such as computer systems, adapted to generate the content.

[0082] The apparatus further includes a location system 130 that detects a location of each
display system 120 within the venue 101. The location system could be of any appropriate
form, and could form part of the VR/AR system or could be a separate location system,

examples of which will be described in more detail below.
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[0083] A transmission system 140 is provided including a number of transmission system
antennas 141 that transmit content to the wearable display systems and/or receive data from
the wearable display systems. The transmission system typically includes processing
electronics required in order to generate signals for transmission, and may include a
commercial wireless transceiver, as well as any additional required components, such as an
encoder for encoding the signals prior to transmission. Whilst the antennas could be of any
suitable form, the antennas generally include directional antennas that are capable of
providing sufficient transmission bandwidth and low latency in order to transmit the content

streams to the wearable display systems 120.

[0084] In order to optimise transmission between the transmission system antennas 141 and
the display systems 120, the system further includes a control system 150 that determines the
location of each display system within the venue from the location system 130 and then
selectively controls the transmission system antennas 141 in accordance with the location of
each display system to thereby transmit each content stream to the corresponding display

system.

[0085] The manner in which control is performed will vary depending upon the
implementation and in particular configurations of the transmission system antennas 141.
For example, the transmission system antennas 141 could include movable antennas, with the
control process including changing the physical orientation of an antenna 141. Alternatively
the transmission system antennas 141 could be static and provided at respective locations
within the venue, with the control process including transmitting the content stream via a
respective one of the different transmission system antennas 141 depending on the location of

the wearable display system 120.

[0086] Accordingly, it will be appreciated that the above described system allows content to
be transmitted to multiple wearable display systems in a venue 101, in particular by
controlling one or more transmission system antennas 141 to thereby allow content to be
transmitted via one or more directional antennas directly to the display system, regardless of
the display system location. This process is performed to maximise the effective signal

transmission strength, in turn maximising available bandwidth and maintaining minimal
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latency, and assisting in reducing interference between different display systems. For
example, this avoids the need for signal sweeps to be performed in order to maximise signal
strength, which can introduce significant latency, as well as creating interference with
transmissions to/from other display systems. This arrangement therefore enables large scale

wireless multiplayer VR or AR systems to be implemented, which is not otherwise feasible.

[0087] It will also be appreciated that the display systems 120 typically include display
system antennas (not shown), which can be used to transmit data back to the transmission
system. The transmitted data can include location and/or position and orientation data, which
may be required to generate the content, as well as other data such as information captured by
onboard camera systems, input commands provided by a user via a control input, or the like.
In this instance, an analogous process can be performed, with the control system operating to
control the display system antennas, so that signals are transmitted back to the transmission
system, allowing these to be received and processed. Again this can involve controlling
directional display system antennas so that transmissions are aimed towards the transmission
system antennas 141, or other receiving antennas, thereby reducing interference between
transmissions to or from other display systems, and avoiding or reducing the need for signal

sweeps, which in turn helps maintain signal strength and bandwidth and reduce latency.
[0088] A number of further features will now be described.

[0089] In one example, the control system 150 controls a physical orientation of each of a
plurality of transmission system antennas 141 in accordance with the location of a
corresponding display system 120. This could be achieved in any appropriate manner, but is
typically performed by having each antenna 141 include a drive that moves the antenna, with
the control system 150 activating the drive to adjust the physical orientation of the antenna
141 so that the physical orientation of the antenna 141 tracks the location of the
corresponding display system 120. In this regard, the movement that can be performed will
vary depending upon the preferred implementation but will typically include at least a
panning action to track the user as they move within the venue and may also optionally

include a tilt movement in order to optimise an angle of the antenna 141 relative to the
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location of the user, for example depending on a mounting height of the antenna relative to

the user, and the horizontal distance of the user from the antenna 141.

[0090] As an alternative to having transmission system antennas 141 whose physical
orientation can be adjusted, the system 100 can alternatively include multiple transmission
system antennas 141 distributed throughout a venue, with the control system 150 controlling
which of the multiple transmission system antennas 141 transmits the content stream to a
particular display system 120 in accordance with the location of each display system 120. In
one example, this is achieved by having transmission system antennas 141 configured to
provide coverage within a respective area within the venue 101, with the antenna 141 used
being selected based on which area a user is in. In this instance, it will be appreciated that
multiple transmission system antennas 141 would be needed to provide coverage for each

area to cope with situations in which multiple users are present in the same area.

[0091] As a further alternative, the transmission system antennas 141 could include a phased
antenna array and the control system controls the antenna array using beam steering and/or
beam forming. In this example, the antenna generally uses a phased array of elements on
each antenna, allowing the shape and direction of a transmitted signal to be controlled. This
can be done either between the multiple elements on a single antenna or treating elements
across multiple antennas as a single configurable array, by phasing or switching between
elements and antennas. Suitable control of the elements can be used to create interference
patterns in a process known as beam forming. Dynamically adapting the beam pattern by
changing the signal phase in real time without changing the antenna elements or other
hardware is called beam steering. Phased array beam forming creates the beam, which is then
electronically steered toward the target receiver antenna using beam steering, without
requiring the antenna to be physically moved. It will be appreciated that this provides

another mechanism in order to direct signals towards the wearable display devices.

[0092] It will be appreciated that similar processes can be used in respect of display system
antennas. For example, the display system could include multiple antennas, with a respective
one of the display system antennas being selected as required, depending on the relative

position of the display system and base station. Additionally and/or alternatively, this could
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include a phased antenna array, with the antenna being controlled using beam steering and/or

beam forming to control a direction and/or shape of the beam.

[0093] The control system 150 typically includes a respective controller for each
transmission system antenna 141. In this instance, each transmission system antenna 141
transmits a respective content stream from a given content source, such as a respective
content engine, with the controller determining the location of the corresponding display
system 120 for the respective content stream and then controlling the transmission system
antenna 141 accordingly. Providing a single separate controller for each transmission system
antenna 141 simplifies the control processes, with this only requiring that the controller is

provided with the location of the respective display system 120 from the location system 130.

[0094] Similarly, a respective control system could be provided for each wearable display
system, with this either being integrated into the display system, or located remotely,
depending on the preferred implementation. However, it will be appreciated that this is not
essential and a single central controller could be used to coordinate antennas for multiple

different display systems, both at the base station and display system ends.

[0095] Typically the content system 110 includes a plurality of content engines, with each
content engine generating a content stream for a corresponding display system. The content
engine could be a logically discreet entity, such as a respective software application executed
by a processing system such as a server, or could represent a physically separate hardware
system, such as a respective computer system that generates a content stream for a particular
display system. It will be appreciated that the use of a dedicated content engine helps ensure
that the content stream can be generated with minimal latency for display by a corresponding

display system.

[0096] In one example, the content system 110 determines a position and/or orientation of a
display system 120, and in particular display device 120.1, from either the location system
130 or a separate positioning system. The content system 110 then generates the content
stream for display based on the position and/or orientation of the display device 120.1. Thus,

it will be appreciated that the content is generated based on a particular viewpoint of the user
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of the display system. This may be achieved using the location system 130 used in tracking
the display systems 120 in order to control the transmission system antennas 141.

Alternatively however this can be performed utilising a different system.

[0097] For example, augmented or virtual reality systems may include their own proprietary
positioning system for determining the position and/or orientation of the display and it may
be possible to use this as the location system 130, in order to ascertain the location of the
display system within the venue 101. For example, the display system can include one or
more internal sensors that can determine the position and orientation of the display system
relative to the environment, for example using a simultaneous localization and mapping
(SLAM) algorithm, in a process known as inside out tracking. Alternatively, the system can
use external sensors, such as tracking stations, in a process known as outside-in tracking. The
ability to use existing tracking systems to determine the location of the display system can
reduce the need for a separate location system, although it will be appreciated that this may
not provide sufficient information in order to allow the location to be accurately determined,
or may not be easily usable, in which case a separate location system 130 may need to be

utilised.

[0098] In one example, the location system 130 includes a number of beacons provided in
the venue 101, and a location processing device that determines a location of a display
system 120 based on a position of the display system 120 relative to at least two of the
beacons and known positions of the beacons within the venue. Thus, in this example,
beacons are provided at known positions within the venue so that a location of the display
system 120 relative to the beacons can be used to ascertain the location of the display systems

120 within the venue.

[0099] It will be appreciated that this could be achieved in a number of ways. For example,
the beacon could be adapted to sense a position of the display system 120, utilising an
appropriate sensing technique. More typically however each display system 120 includes a
location module that detects a signal from at least two of the beacons, calculates a position of
the display system relative to the at least two beacons, and then transmits location data

indicative of the location to the location processing device via a wireless communications
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system. Thus, in this instance, each display system determines its own position relative to the
beacons, transmitting this information to a location processing device, allowing the location
processing device to then ascertain the location of the display system 120 within the venue

101.

[0100] In this regard, it will be appreciated that this process could involve calculation by the
location processing device, or could involve simply retrieving an indication of the location
from the location data, with the location calculation being performed solely by the display
system 120. Thus the location could be determined in the display system itself and
transmitted to the control system, or alternatively, information indicative of a location, such
as beacon signal strengths, could be provided to the control system, allowing this to

determine the location.

[0101] In this example, the nature of the signals transmitted by the beacons can vary
depending on the preferred implementation but typically the signals are electromagnetic
signals such as RF signals, which are detected by a detector, such as a location module
antenna. A location module processor then calculates a position of the display system
relative the beacon using the detected electromagnetic signal, for example based on attributes

of the signal, such as a signal strength, time of flight, or the like.

[0102] Furthermore, whilst the beacons could be separate entities, it will be appreciated that
in another example, the beacons could form part of the transmission system, and for example
be integrated with the transmission system antennas 141, and that reference to separate

beacons is not necessarily intended to be limiting.

[0103] In one example, the location module includes a sensor, such as a range sensor,
allowing the display system to determine the location in accordance with signals from the
sensor, for example using a SLAM algorithm. This could include using a laser range finder
or LIDAR, or could be achieved using one or more image capture devices that use
stereoscopic images, or multiple images captured from different mobile device poses, in
order to resolve a position of the mobile device relative to the environment. Thus, for

example, one or more cameras placed in the face of the display system can be used to match
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common objects across two or more {rames to create a computed camera position in 3D
space which matches the cameras in the face of the display system. In particular, the SLAM
process typically involves determining a separation between the display system and the
environment in the form of a point cloud. A 3D model of the venue, including the position of
the antennas, is generated during an initial configuration process. The position of the display
system in the point cloud can then be compared to the 3D model, allowing the location of the
display system relative to the antennas to be determined. This can then be used in order to
control the antenna position as required. Again, such determination could be performed
onboard the display system, or alternatively ranging information could be transmitted by the

display system, allowing the location to be determined remotely.

[0104] It will be appreciated that while an on-board inertial measurement unit (IMU) can
provide basic 3 degrees of freedom head tracking, this typically provides only limited
translational movement tracking, so inside out tracking, using SLAM or other processes that
provide translational motion tracking, can be used to provide an absolute head position in 3D
space, in particular providing positional information with 6 degrees of freedom, including
translational and rotational information. This allows the user to move through the

environment and is often referred to as World Scale VR, AR or MR.

[0105] It will be appreciated that when pose information is available, this can be further used
to enhance the antenna control process. Specifically, in this instance the control system can
determine a relative pose of the wearable display system and transmission system antennas
and selectively controls a transmitting antenna, such as a transmission system antenna 141 or

display system antenna in accordance with the relative pose.

[0106] Irrespective of how the location of the display systems is determined, it will be
appreciated that performing antenna positioning and/or beam steering or beam forming based
on the determined physical location of the display system can avoid the need for sweeps in
order to determine position through feedback of received signal strength. This allows the
control system to compute and position/steer the antenna much sooner, reducing latency and
signal drop outs. This becomes particularly valuable when an array of many antennas is

placed around a room in a diversity configuration as it allows for a prediction model to be
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built on where the user will be located next and subsequently which antenna should be

chosen to transmit via.

[0107] The prediction could be based on information relating to content displayed on the
display systems, for example anticipating movement based on an expected response to
content being displayed, and/or based on models of human movement, for example to
incorporate physical limitations for locomotion. Additionally, location data could be used to
track movement of the display systems over time, which in turn can be used in training
predictive algorithms, in order to determine a likely next location for the display system.
This can assist in ensuring beam steering/antenna positioning is performed to maintain the
tracking system within the antenna beam's field of view, thereby assisting in reducing latency
and maintaining bandwidth. In particular, this allows the system to determine movement of a
wearable display system and controls a transmitting antenna in accordance with the
determined movement and optionally a predictive algorithm. In this instance, the system
typically tracks movement of a wearable display system in accordance with the multiple

location indications and controls the antenna in accordance with the movement.

[0108] Additionally, an IMU with a high update rate could also be placed on the antenna or
leveraged from the HMD to provide further vector correction information complimentary to
the Inside Out tracking and help to mitigate any temporal latency between the frame-rate of

the cameras used to do the tracking.

[0109] The location data can also further be used to manage situations in which the display
system is occluded from the antenna, for example if a user U bends over, so that their body is
positioned between the transmission system antenna 141 and the display system 120 as

shown in Figure 10.

[0110] In existing systems, the antenna is controlled to perform a search for the display
system 120, by sweeping the direction of transmission until the display system receives a
signal, typically reflected off a wall or ceiling. Typically there is a delay in identifying that
the occlusion has occurred, with a further delay arising in performing the sweep and re-

establishing communication.
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[0111] To avoid this, in one example, the control system retrieves an occlusion map defining
occlusion locations within the venue and a transmission path to avoid the occlusion. In this
instance, if the control system detects that the display system is in a location where an
occlusion is likely the control system can selectively control the antennas in accordance with
the location of each display system and the occlusion map, thereby ensuring communication
is maintained. This can be achieved in a number of ways, and could include controlling a
directionality of the antenna, for example so that the transmission is reflected from a surface,
such as a ceiling or wall, or could involve switching the transmission to an alternative

antenna for which there is a clear line of sight to the display system.

[0112] In order for this to occur, the occlusion map needs to be generated. This is typically
achieved by detecting occlusion of a display system, controlling one or more antennas to
adjust a transmission direction to thereby re-establish communication with the display
system, determining a display system location and updating an occlusion map with the

display system location and the transmission direction.

[0113] This could be performed in real-time, so that the system learns during use of locations
in which occlusions occur, with the room reflections or other alternative transmission paths
being learned as a sweep is performed. Whilst this will result in a corresponding delay, it
will be appreciated that this would only occur a single time, with the delay being avoided in

future.

[0114] Additionally and/or alternatively, the occlusion map could be pre-learned during a
calibration or initialisation routine. In this instance, a user could be prompted to move the
display system to "a defined point" in the "venue". For example, a dot could be presented to
the user via the display system, with the user moving to that location to determine if
occlusion occurs. This could also involve having the user perform particular actions, such as
bending over or the like. In this regard, it will be appreciated that particular actions could be
identified based on the display system location, for example if the user bends over, then the
location of the display system will be closer to the floor than otherwise. Once an occlusion

occurs, a sweep or other reconfiguration of the antennas is performed until communication is
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re-established, at which point the transmission path used is stored as part of the occlusion

map, allowing this to be retrieved and used in future.

[0115] A similar process can also be employed for signal reflections, using a reflection map
to identify situations in which reflected signals are likely to occur. This can be used to avoid
reflections, for example in the event that these are likely to cause interference or a loss in
signal quality, but could also be used as a mechanism to avoid occlusions, for example
allowing a reflected signal to be used to maintain transmission when signals would otherwise

be occluded.

[0116] It will also be appreciated that a similar calibration process could be performed by
placing the display systems at specific locations in a venue, and/or be scanning a venue to

identify the floor, ceiling or other objects that are viable candidates for signal reflection.

[0117] It will be appreciated that the ability to leverage signal reflections can be used to
enable antennas to be provided in locations which would not otherwise be suitable. For
example, the antenna could be incorporated into a base station for use in a home
environment, with the above described occlusion and/or reflection mapping process allowing
this to be performed with base stations in positions that would otherwise be unsuitable, such

as at a low height, such as on a coffee table, top of TV or the like.

[0118] Whilst this has been described for the transmission of content to a display system, it
will be appreciated that this could also be used for other situations in which signals are

transmitted to a mobile device.

[0119] Thus, performing occlusion mapping can allow antenna control, including
directionality, beam forming or beam steering processes to happen faster and predict an

impending occlusion event, making suitable adjustments from stored environment data.

[0120] The antenna control process can also be used in order to minimise interference with
other display devices. For example, when transmitting, the control system can determine a
location of at least one other wearable display system and control the antenna in accordance

with the location of the at least one other wearable display system, for example to avoid the
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transmitted signals interfering with transmission to/from the other wearable display device.
As part of this process, the control system can determine a communications channel used by
the at least one other wearable display system and selectively control a communications
channel used by the antenna in accordance with the communications channel of the at least
one other wearable display system. This can be used to change the communications channel
in the event that two display systems using the same channel are present in the same part of a
venue, thereby avoiding interference between signals transmitted to/from each display

system.

[0121] The location data can be transmitted to the location processing device in any
appropriate manner. In one example, this is performed utilising a mesh network established
using location modules of wireless communications systems of multiple wearable display
systems 120, and in particular of the respective location module of each wearable display
system 120. Such a mesh network can allow data to be transmitted from the display systems
120 to the location processing device utilising low power communications technology, which
in turn reduces battery drain and avoids issues of interference resulting from multiple
location modules attempting to update their location via a direct communications channel
with the location processing device. However, as this can introduce additional latency, in

other examples direct point to point communication might be preferred.

[0122] It will be appreciated that where a central location processing device receives location
data from multiple systems 120, the location processing device determines an identity and
location of the display system 120 and then provide a location indication indicative of the
location of the respective display system 120 to the control system 150 in accordance with
the identity of the display system 120 or location module. In particular, this could be
achieved by transferring an indication of the location directly to the particular controller
associated with the respective display system 120 as determined from the identity, or could
be achieved by simply providing a location indication indicative of both the display system
location and identity to the control system 150, with this being assigned to the respective
controller as required. In either case, it will be appreciated that the display system 120 is to

be associated with a particular controller and hence transmission system antenna 141 thereby
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ensuring that the content stream is transmitted to the correct display system 120. It will be
further appreciated that this can be configured during an initial set up stage or dynamically

each time a display system 120 is used.

[0123] In one example, the system further includes a plurality of encoders, each encoder
compressing respective content stream to thereby generate a compressed content stream that
is transmitted to the display system 120. Compressing the data reduces the volume of data
that needs to be transmitted, thereby allowing the data to be easily wirelessly transmitted via
available bandwidth using commonly available technologies such as 802.11ac or 802.11ad.
In this instance, each display system 120 typically includes a decoder for decompressing the

compressed content stream.

[0124] An example of a suitable compression scheme for use is described in co-pending
applications, U.S. provisional patent application no. 62/351,738 and AU provisional patent
application no. 2016905048, published as W02017/214671, the contents of which are

incorporated herein by cross reference.

[0125] Each display system 120 also typically includes a receiver that receives the content
stream and a display processing device that causes the content stream to be displayed on the

display.

[0126] In one particular example, the system 100 includes, for each display system 120, a
content engine that generates the content stream, an encoder that encodes the content stream
to thereby generate a compressed content stream, a transmission system antenna 141, a
transmitter that transmits the compressed content stream via the transmission system antenna
141 and a controller that determines the location of the display system 120 from a location
system and controls an orientation of the transmission system antenna 141 in accordance with
the location of the display system 120. Thus, it will be appreciated that in this embodiment
each display system 120 has dedicated hardware in the form of the content engine, encoder,
antenna, transmitter and controller which operate to provide the content to the display device
120.1. This ensures that the content can be delivered with minimal latency which is

important in VR and AR applications.
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[0127] A further benefit of the above described arrangements is that these can be
implemented in the form of a retrofit arrangement that can be implemented with existing VR

or AR headsets.

[0128] Accordingly, in one broad form, the display system 120 includes a display device
120.1 and a processing device that causes the content stream to be displayed on the display
device 120.1. This, together with an associated content system 110, corresponds to a
traditional VR or AR system. Additionally, the system includes a receiver module that
wirelessly receives the content stream from a transmission system, the transmission system
including a number of antennas that transmit content to a plurality of wearable display
systems and a location module that detects a signal from at least two of multiple beacons
provided in the venue, calculates a position of the display system relative to the at least two
beacons and transmits location data indicative of the location to a location processing device
via a wireless communications system thereby allowing the location processing device to

determine a location of the display system.

[0129] In this example, it will be appreciated that the receiver module can be attached to a
display system input, allowing wirelessly received content to be provided to the display
system for display on the headset. Additionally, the location module operates independently
of the display system, interacting with a remote location processing device, allowing the
location of the display system within the venue to be determined. It will be appreciated from
this, that this allows the system to be easily fitted to an existing VR or AR headset system,

without requiring modification of the VR or AR headset system or controlling electronics.

[0130] Thus the location system 130, transmission system 140 and control system 150 can be
implemented as an add-on system, allowing these to operate with existing VR or AR
headsets. Furthermore, whilst reference is made to separate location, transmission and
control systems, it will be appreciated that this is for ease of reference, and that in practice

these could be implemented using a single underlying hardware system.

[0131] It will be appreciated that the above described techniques can be applied to

communications more broadly, for example to optimise communication between a mobile



WO 2018/145153 PCT/AU2018/050090

- 26 -

device and base station, and/or between two communications devices. In one example, this
can be performed to allow the base station, mobile device or communications devices to
communicate using beam steering and/or beam forming approaches, without the need to
perform sweeps to maintain signal strength as the mobile device moves, thereby optimising

transmission whilst reducing latency.

[0132] In one example, the process involves using a mobile device, such as a mobile phone,
tablet, smart phone, wearable display device or the like, which includes a location module
that determines a mobile device location relative to an environment. The mobile device
further includes a mobile device transceiver having an antenna that transmits and receives
signals and a mobile device processor that transmits a location indication indicative of the
mobile device location via the mobile device transceiver. The base station includes a base
station transmission system that transmits and receives signals to allow communication with
the mobile device, with the base station transmission system including at least one base
station antenna. A control system is provided that receives the location indication from the
mobile device, via the base station transmission system, and uses this to determine the mobile
device location. The mobile device location can then be used to selectively control either the
base station or mobile device antenna in accordance with the mobile device location to

thereby optimise communication between the base station and mobile device.

[0133] Thus, it will be appreciated that in the above described arrangement, an antenna
control system of the base station uses the location of a mobile device, as determined by a
location module forming part of the mobile device, in order to track the mobile device
location and hence control one or more antennas either of the base station transmission

system or the mobile device.

[0134] This can be used in order to allow directional and/or shaped transmissions,
particularly allowing beam steering and/or beam forming to be performed, without requiring
signal sweeps and an assessment of received signal strength, which can in turn result in

increases in transmission latency, as well increases in interference with other devices.
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[0135] Avoiding the need for sweeps is particularly important in digital reality applications,
such as mixed, virtual and/or augmented reality, in which latency can have a significant
impact on the user experience. In one particular example, this can assist in reducing
transmission latency, allowing digital reality content to be generated in a distributed
computing environment, such as a cloud based environment, whilst allowing the content to
be transmitted to a wearable device, such as a dedicated wearable display system and/or
smart phone, via a cellular communications network, such as a 5G network, without

noticeable transmission latency.

[0136] Similarly, this can be used in other communications systems including first and
second communications devices, each of which includes an antenna. In this example, a
location system can be provided that determines a location of at least one of the first and
second communications devices, with a control system being used to receive a location
indication indicative of the location from the location system, determine a relative location of
the first and second communications devices and selectively control a transmitting antenna of
at least one of the first and second communications devices in accordance with the relative
position to thereby optimise communication between the first and second communications

devices.

[0137] In this example, the location system and/or control system could be provided on either
or both of the communications devices. For example, each communications device could
separately implement a location and control system, so that each communication device
determines its own location and control its own antenna. For example, the location systems
could determine the location of the communications device relative to an environment, and
then exchange this with the other device, allowing a relative location to be determined.
Alternatively, the location and/or control systems could be provided on one of the devices,
such as a base station, or could be distributed between the devices. Irrespective of where
these processes are performed, the approach is largely similar in that a relative position of the
communications devices is determined using an independent location system, so that this
does not need to rely on signal sweeps in order to ensure communication is optimised,

thereby ensuring transmission quality is maintained, whilst reducing latency.
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[0138] A number of further features will now be described.

[0139] In one example, the control system controls an antenna direction, for example by
physically moving the antenna to track the mobile device and/or communications device, or
performs beam steering and/or beam forming, to thereby control signal transmission.
However, it will be appreciated that this is not essential and any suitable control of a
transmission system could be performed, depending on the preferred implementation. For
example, one of the first and second communications devices, including a base station and/or
mobile device, could include a plurality of antennas, with the control system selecting a

respective one of the plurality of antennas in accordance with the relative location.

[0140] Whilst the system could simply determine an instantaneous location of the mobile
device, this is not essential and in one example, the control system tracks movement of a
communications device or mobile device in accordance with the multiple location indications
and controls the antenna in accordance with the movement. This can be used in a predictive
manner, for example to anticipate a future location of the communication or mobile device,
based on historical movement patterns, in turn allowing control to be performed
synchronously with movement of the communication or mobile device. Thus, for example,
the control system can determine relative movement of the first and second communications
devices and controls a transmitting antenna in accordance with the relative movement,
optionally in accordance with a predictive algorithm. The prediction could be based on
information relating to content displayed on the display systems, for example anticipating
movement based on an expected response to content being displayed, and/or based on models

of human movement, for example to incorporate physical limitations for locomotion.

[0141] It will also be appreciated that tracking movement can have application in situations
in which an absolute communication device or mobile device location is not known. In
particular, in this situation standard sweep techniques could be used to allow periodic
optimisation of signal transmission for a given mobile device location, with subsequent
control of the antenna being performed based on movement of the mobile device from the
respective location. In this instance, the control system typically determines a signal

strength, determines an initial mobile device location in accordance with the signal strength
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and then determines a change in mobile device location in accordance with one or more
location indications. Thus, the control system can use a traditional sweep approach to
maximise a signal strength for an initial starting mobile device location, using information
regarding movement of the mobile device from the initial starting location to perform
adjustment of the antenna, for example to perform beam steering and/or forming. This can
assist in reducing the frequency with which sweeping needs to be performed. This can also
be used to guide beam steering/beam forming approaches, for example to minimise an area

over which a sweep is performed in order to determine a maximum signal strength.

[0142] In this instance, it will be appreciated that calibration could be performed periodically
to ensure tracking is resulting in optimal signal strength. It will also be appreciated that
information regarding a received signal strength, and in particular a strength falling below a
threshold could also be used to trigger a further sweep, thereby effectively performing
calibration of movement tracking in the event that movement tracking is not functioning as

required.

[0143] In one example, the location module includes a sensor and determines the
communication or mobile device location in accordance with signals from the sensor. The
sensor can be of any appropriate form depending on the preferred implementation. For
example, the sensor could include a range sensor that determines a range of the
communication or mobile device from an environment, for example using a simultaneous
localization and mapping (SLAM) algorithm. It will be appreciated that this could be
achieved in a wide range of manners, depending on the preferred implementation. For
example, the sensor could be a laser range finder or LIDAR that measures the distance of the
communication or mobile device from one or more objects in the environment.
Alternatively, the sensor could include one or more image capture devices that use
stereoscopic images, or multiple images captured from different device poses, in order to
resolve a position of the communication or mobile device relative to the environment, as

previously described.

[0144] The communication or mobile device could include a digital reality headset, for

example forming part of the above described multi-player VR venue. However, this is not
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essential and more broadly the approach could apply to any mobile communications device,
such as a smart phone, tablet or the like, which may or may not be forming part of a digital

reality display system.

[0145] The above processes can also use processes described above with respect to the
multiplayer venue application. For example, this allows occlusion or reflection mapping to be
performed. In this instance, the control system can determine a relative location of first and
second communications devices within an environment, retrieve an environment map, such
as an occlusion or reflection map and control the transmitting antenna at least partially in
accordance with relative location and the environment map, for example by controlling the
antenna to select a transmission path to avoid an occlusion. Similarly, the control system can
detect occlusion of a communications device, control an antenna to adjust a transmission
direction to thereby re-establish communication with the communications device, determine
a communications device location and update an occlusion map with the communications

device location and the transmission direction.

[0146] The system can also be controlled in order to avoid interference with other
communications devices, for example by determining a location of at least one other
communications device and controlling the transmitting antenna in accordance with the
location of the at least one other communications device. This can include selecting a

communications channel to further reduce interference.

[0147] Where the first communications device is a static device, such as a base station, the
control system can determine the relative location using the location of the second
communications device and a known location of the first communications device, which can

be determined during an initialisation process.

[0148] It will be appreciated from this that the mobile device and base station can
communicate via a wide range of different communications protocols, including but not
limited to a cellular communications protocol, a short range wireless communications
protocol, a 5G network or the like. Similarly, the antenna could be a phased antenna array

and/or a movable directional antenna, depending on the preferred implementation.
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[0149] A specific example of a system for use in providing a multiplayer VR or AR
experience in a venue will now be described with reference to Figure 2A and Figure 2B.
However, it will be appreciated that similar arrangements can be used for allowing

communication with communications devices, such as mobile devices, more generally.

[0150] For the purpose of this example, reference is made to three display systems 120, but it
will be appreciated that this is for the purpose of illustration only and in practice the system is
scalable to any number of display systems 120 that may be practically used within a given

venue 101.

[0151] In this example, the content system 110 includes a plurality of content engines 210.
The nature of each content engine 210 will vary depending on the preferred implementation
but typically this would include a combination of hardware and/or software systems
operating to generate AR or VR content, optionally on the basis of signals received from the

display systems 120, and any associated hardware, such as associated base stations.

[0152] The system further includes the transmission system 140 which includes a dedicated
transmission module 241 for each transmission system antenna 141. The transmission
module 241 can be adapted to perform suitable encoding of the content stream prior to
transmission via the transmission system antennas 141. The transmission modules 241 can
include a combination of hardware and/or software components and in one example includes
a dedicated encoder, an example of which will be described in more detail below. The
transmission system antennas 141 are typically directional antennas, such as antennas
suitable for use in an 802.11ac or 802.11ad wireless transmission system whose directionality
can be adjusted. This can include using movable antennas whose orientation can be adjusted
and/or antennas including electronic beam steering/beam forming. It will therefore be
appreciated that reference to the orientation of an antenna should be understood to encompass
a physical orientation and/or effective orientation as controlled through beam forming or

other appropriate processes.
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[0153] The transmission system antennas 141 are controlled by the control system 150 which
includes a dedicated controller 251 for each transmission system antenna 141, which is

typically a hardware and/or software based controller for controlling the antenna orientation.

[0154] Each transmission system antenna 141 is adapted to transmit the compressed content
stream to a respective wearable display system 120 which typically includes a transceiver
module 221 coupled to one or more display system antennas 222 allowing the compressed
content stream to be received and decoded before being provided to the display device 120.1

for display in the normal way.

[0155] The location system 130, which is used to determine the location of each wearable
display system 120 typically includes a location processing system 231, which is in wireless
communication with a number of location modules 232, with a respective location module
232 being provided for each display system 120. The location modules 232 receive signals
from a number of beacons 233 which are positioned around the venue 101, as shown for
example in Figure 2B. The location modules 232 determine a position of the respective
wearable display relative to the beacons, transmitting this information via a mesh network to
the location processing system 231 which determines a respective location of the display

system, transferring this to the respective controller 251 as shown.

[0156] Thus, it will be appreciated that the above system includes a multiple channel
arrangement, with each content channel including a respective content engine, controller and
antenna, allowing content to be transmitted to a corresponding display system. This
arrangement allows content to be provided to multiple display systems in parallel, assisting

with scalability.

[0157] An alternative configuration will now be described with reference to Figure 2C. For
the purpose of this example, only a single content channel is shown, but it will be appreciated
that this is for the purpose of ease of illustration only, and that in practice multiple channels
will be used. Furthermore, similar reference numbers to those used in Figure 2A are used to

refer to similar features, and these will not therefore be described in detail.
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[0158] It will be appreciated from this that the system includes a content system 110 having a
content engine 210 for each channel. The transmission system 140 includes a dedicated
transmission module 241 for the channel, with this being connected to multiple transmission
system antennas 141, via a multiplexer 242, or other similar signal routing arrangement. In
this example, the transmission system antennas 141 are directional antennas having a defined
field of view, with the multiple transmission system antennas 141 for the channel being
provided so as to provide coverage over the entire venue. In this example, the multiplexer
242 is used to control the transmission system antenna 141 to which content is provided,
allowing the content to be transmitted to the respective display system 120. To achieve this,
the multiplexer 242 is controlled by the control system 150 which includes a dedicated

controller 251 for each multiplexer 242 and hence each channel.

[0159] In use, the location system 130 is used to determine the location of each wearable
display system 120, with the controller 251 then controlling the multiplexer 242 to ensure

content is transmitted by the most appropriate transmission system antenna 141.

[0160] In this example, transmission of data from the display system 120, such as
transmission of location data, occurs via the same channel via which content is received, with
the data being transmitted via the transceiver 221 and antenna 222 to the transmission system
antenna 141. In the event that the data includes location data, the transmission system 140,
passes this on to the location processing system 231. Additionally, the display system 120
includes a controller 252, which operates to control the display system antenna 222, allowing
this to be controlled using appropriate control techniques, such as switching between
different ones of multiple display system antennas 222, or by using beam forming/steering

using a phased antenna array.

[0161] Whilst the above examples describe the use of multiple antennas per channel and
controllable antennas, it will be appreciated that these approaches are not mutually exclusive
and could be employed in combination. For example, if the venue is large, it could be that
multiple movable antennas are provided for each channel, each covering a respective area so

that the antenna used switches as the user moves between areas, and each antenna being
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controllable so that an orientation of directionality is adjusted based on the location of the

wearable system within the respective area.

[0162] An example of the process for configuring the above described system will now be

described with reference to Figure 3.

[0163] In this example, at step 300, when the venue is initially set up, beacons 233 are
installed at respective locations within the venue, with an indication of the beacon location
and beacon identifier of each beacon being recorded at step 310. This information is
typically recorded as beacon data in a respective database that is accessible by the location

processing system 231.

[0164] At step 320, a position of a dedicated antenna for each controller is recorded. In this
regard, the position of the transmission system antenna 141 within the venue is required in
order to ensure the controller is able to accurately track the display system 120, and in
particular generate control signals to move the antenna to the correct position as the user

moves.

[0165] At step 330, each display system 120 is associated with a respective content channel.
In this regard, the display system 120 is typically registered with a respective content engine,

to ensure the content stream is provided to the correct display system 120.

[0166] At step 340, the location module 232 of the display system 120 is associated with the
controller 251 of the same content channel, so that this can be used to ensure the location of
the display system 120 to which content is transmitted is correctly identified. In one
example, this is achieved by creating an association between an identifier of the location
module 232 attached to the display system 120 and the corresponding controller 251, with an
indication of the association being recorded as registration data in a respective database that

is accessible by the location processing system 231.

[0167] It will be appreciated however that as an alternative the display system 120 can

incorporate ranging sensors and/or imaging devices, with location data being based on sensed
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environment. This can then be used with a SLAM algorithm implemented by the location

processing system 231, allowing a display device location to be derived.

[0168] An example of the process for delivering content will now be described with

reference to Figure 4.

[0169] In this example, at step 400, the location module 232 of a display system 120 detects
a position of the display system and generates location data at step 410. In this example, the
location of the display system is determined relative to the beacons 233, in which case the
location data is typically indicative of an identifier associated with each beacon, the position
relative to the beacon, such as the direction and/or distance of the beacon and an identifier of
the location module. However, it will be appreciated that in the event that other forms of
localisation are performed, such as using on-board sensors to detect the surrounding

environment, this could include images and/or range data.

[0170] The location data is transferred to the location processing system 231 at step 420. In
the example of Figure 2A, this is performed via a mesh network established between the
location modules 232, allowing the location data to be transferred directly to the location
processing system 231. Alternatively, in the example of Figure 2C, this is achieved by
transmitting the location data via the display device transceiver 221 and antenna 222, to the
transmission system antenna 141 and transmission system 140, with the location data then
being routed to the location processing system 231. In either case, this allows the location
processing system 231 to determine the location of the display system within the venue at
step 430. In particular, the processing system 231 uses the beacon identifiers to determine
the beacon locations from the beacon data, before calculating the location based on the

position relative to the beacons, or uses a SLAM algorithm as appropriate.

[0171] In the example arrangement of Figure 2C, in which the display device antenna 222 is
to be controlled, the location of the display device relative to the transmission antenna 141 is
transmitted to the display device at step 432, allowing the controller 252 to control the
display device antenna 222 at step 434. Specifically, this will involve controlling the

direction and/or beam shape so that transmissions are directed at the transmission system
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antenna 141, thereby optimising the transmission of location and other data, whilst avoiding

interference with other display devices.

[0172] At step 440, the processing system 231 determines the controller 251 to which the
location should be provided, based on the registration data and the location module identifier.
The location is then provided to the respective controller at step 450, allowing the controller
to calculate any required change in antenna position/beam shape and control the

position/beam shape of the antenna accordingly at step 460.

[0173] Simultaneously with this process, at step 470, the content engine generates a next part
of a content stream, which is encoded at step 480 and transmitted via the corresponding
antenna at step 490. This process is repeated continuously, so that the content stream is
transmitted via an antenna directed at the display system 120 as the display system moves

within the venue.

[0174] An example of the content generation and transmission systems will now be described

in more detail with reference to Figure 5.

[0175] In this example, the content for each display system is generated by a respective
content engine 210, which typically includes a processing system including at least one
microprocessor 511, a memory 512, an optional input/output device 513, such as a keyboard
and/or display, and an external interface 514, interconnected via a bus 515 as shown. In this
example the external interface 514 can be utilised for connecting the content engine 210 to
peripheral devices, such as communications networks, storage devices, peripherals, or the
like. Although a single external interface 514 is shown, this is for the purpose of example
only, and in practice multiple interfaces using various methods (eg. Ethernet, serial, USB,
wireless or the like) may be provided. In this particular example, the external interface
includes at least a data connection, such as USB, and video connection, such as DisplayPort,
HMDI, Thunderbolt, or the like, as well as a wireless connection to the headset 120.1 and/or

associated controllers 120.2.

[0176] In use, the microprocessor 511 executes instructions in the form of applications

software stored in the memory 512 to allow the required processes to be performed, and in
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particular allowing content to be generated based on signals from the headset 120.1 and/or
associated controllers 120.2, and optionally other peripheral devices, such as base stations in
the Vive'™ VR system. The applications software may include one or more software
modules, and may be executed in a suitable execution environment, such as an operating

system environment, or the like.

[0177] Accordingly, it will be appreciated that the processing system 210 may be formed
from any suitable processing system, such as a suitably programmed PC, or the like. In one
particular example, the processing system 210 is a standard processing system such as an
Intel Architecture based processing system, which executes software applications stored on
non-volatile (e.g., hard disk) storage, although this is not essential. However, it will also be
understood that the processing system could be any electronic processing device such as a
microprocessor, microchip processor, logic gate configuration, firmware optionally
associated with implementing logic such as an FPGA (Field Programmable Gate Array), or

any other electronic device, system or arrangement.

[0178] Furthermore, whilst the processing system 210 is shown as a single entity, it will be
appreciated that in practice the processing system 210 could be formed from multiple
physical devices, which can optionally be distributed over a number of geographically

separate locations, for example as part of a cloud based environment.

[0179] The processing system 210 outputs a content stream, which is transmitted to the
transmission system 140. The transmission system 140 includes an input interface 541,
encoder 542 and optional memory 543 and a transmitter 544. In use, the content stream is
received by the input interface 541 and passed to the encoder 542, which operates to
compress content stream, optionally in accordance with an encoding scheme stored and/or
other instructions stored in the memory 543. Operation of the encoder 542 will be described

in more detail below with reference to Figure 9.

[0180] The compressed data is transferred to the transmitter 544, which formats the
compressed content stream for transmission, and generates signals that are transmitted via the

transmission system antenna 141 in accordance with a wireless communications protocol
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such as 802.11ac or 802.11ad. The compressed data is received by the display system
antenna 222, and transferred to the transceiver module 221. The transceiver module 221
includes a receiver 521, a decoder 522 and optional memory 523 and an output 524. In use,
the receiver 521 converts the received signals into a compressed content stream, which is
then passed to the decoder 522, which decodes the compressed content stream to form an
uncompressed content stream. This is typically performed in accordance with a compression
scheme stored in the memory 523, and an example of operation of the decoder 522 will be
described in more detail below with reference to Figure 9. The decompressed image stream
is then provided to the output 524, which is typically an HDMI, display port or other similar
interface, which connects directly to a corresponding input on the headset 120.1, allowing the

content stream to be provided to and displayed by the headset 120.1.

[0181] An example of a control system will now be described in more detail with reference

to Figure 6.

[0182] In this example, each controller 251 is connected to motors 644, 645 mounted on a
respective antenna stage, which are adapted to control a pan and tilt of the antenna. Each
controller 251 includes a controller input 651, controller processor 652, controller memory

653 and controller output 654.

[0183] In use, the controller input 651 receives an indication of the location of a respective
display system 120 from the location system 130, providing this to the controller processor
652. The controller processor 652 uses the location of the corresponding display system 120,
and a known position of the transmission system antenna 141 within the venue to determine a
desired orientation of the transmission system antenna 141, generating control signals for
controlling the motors 644, 645 accordingly, based on instructions stored in the memory 653.

The control signals are provided via the output 654 thereby controlling the motors 644, 645.

[0184] Accordingly, in use, the controller processor 652 executes instructions in the form of
applications software stored in the memory 653 to allow the motor control signals to be
generated and provided via an output, such as an interface. Accordingly, it will be

appreciated that the controller 251 may be formed from any suitable controller, such as a
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suitably programmed processing system, electronic processing device such as a
microprocessor, microchip processor, logic gate configuration, firmware optionally
associated with implementing logic such as an FPGA (Field Programmable Gate Array), or

any other electronic device, system or arrangement.

[0185] An example of a location system for the system of Figure 2A will now be described in

more detail with reference to Figure 7A.

[0186] In this example, the location system includes a number of location modules 232 each
including a location module transceiver 731 coupled to a location module antenna 734, a

location module processor 732 and a location module memory 733.

[0187] Beacons 233 are provided which broadcast signals including an indication of a beacon
identifier indicative of a beacon identity, with the signals being detected by the location

modules 232.

[0188] In particular, signals from the beacons 233 are received by the location module
transceiver 731 and passed to the location module processor 732 for analysis. The location
module processor 732 analyses the signals, in accordance with instructions in the location
module memory 733, to determine the beacon identifier and an indication of a position of the
display system 120 relative to the beacon, for example based on a signal strength and/or time
of flight. The location module processor 732 then generates location data indicative of the
position relative to each beacon, the beacon identity of each beacon and a location module
identifier indicative of the identity of the location module, transferring this to the location
processing system 231. In one particular example this is achieved using a mesh network

established by the location module 232.

[0189] Accordingly, it will be appreciated that the location module 232 may be formed from
any suitable wirelessly enabled processing system, including an electronic processing device
such as a microprocessor, microchip processor, logic gate configuration, firmware optionally
associated with implementing logic such as an FPGA (Field Programmable Gate Array), or

any other electronic device, system or arrangement.
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[0190] Similarly, the beacons can be of any appropriate form and can include any suitable
wireless locator beacon, such as a Bluetooth Low Energy beacon, that is capable of
generating a signal from which a position can be derived, and examples of these are known in

the art.

[0191] The location data is provided to the location processing system 231, which typically
includes at least one microprocessor 735, a memory 736, an optional input/output device 737,
such as a keyboard and/or display, and an external interface 738, interconnected via a bus
739 as shown. In this example the external interface 738 can be utilised for connecting the
location processing system 231 to the mesh network and the control system 150, for example
via one or more communications networks or the like. Although a single external interface
738 is shown, this is for the purpose of example only, and in practice multiple interfaces

using various methods (eg. Ethernet, serial, USB, wireless or the like) may be provided.

[0192] In use, the microprocessor 735 executes instructions in the form of applications
software stored in the memory 736 to allow the required processes to be performed. The
applications software may include one or more software modules, and may be executed in a

suitable execution environment, such as an operating system environment, or the like.

[0193] Accordingly, it will be appreciated that the location processing system 231 may be
formed from any suitable processing system, such as a suitably programmed PC, server, or
the like. In one particular example, the location processing system 231 is a standard
processing system such as an Intel Architecture based processing system, which executes
software applications stored on non-volatile (e.g., hard disk) storage, although this is not
essential. However, it will also be understood that the processing system could be any
electronic processing device such as a microprocessor, microchip processor, logic gate
configuration, firmware optionally associated with implementing logic such as an FPGA

(Field Programmable Gate Array), or any other electronic device, system or arrangement.

[0194] In use the location processing system 231 receives the location data from each
location module 232, and uses this to determine the location of the corresponding display

system. To achieve this, the location processing system 231 uses the beacon identifiers to
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determine a location of each beacon within the venue, which is typically established during
an initial configuration process, with corresponding data being stored in a database for
subsequent look-up. The location processing system 231 then uses the position relative to
each beacon and the beacon locations, to determine the location of the display system within
the venue. Following this, the location processing system 231 uses an association between
the location module identifier and a respective controller 251, to thereby determine the
controller 251 used to control the antenna for the respective display system 120. This allows
the location processing system 231 to provide the relevant location to the controller 251,

thereby allowing the controller to control the antenna position.

[0195] An example of a location system for the system of Figure 2A will now be described in

more detail with reference to Figure 7B.

[0196] In this example, the location system is generally similar to that described above with
respect to Figure 7A and uses similar reference numerals to denote similar features, which

will not therefore be described in further detail.

[0197] In this example however, the location module 232 is coupled to the display system
transceiver 221 and antenna 222, allowing location data to be transmitted to the location

processing system 231, via the transmission system antenna 141 and transmission system

140.

[0198] An example of a method for encoding and decoding a content stream by compressing
and subsequently decompressing image data will now be described with reference to Figure

8.

[0199] In this example, at step 800 pixel data is obtained from image data, with the pixel data
representing an array of pixels within the one or more images. The pixel data can be
obtained in any appropriate manner, depending on the format of the image data. In one
example, this is achieved simply by selecting a particular sequence of bytes from within the
image data. The array of pixels typically corresponds to a set number of pixels, such as an
8x8 block of pixels from within one of the images, although other arrays of pixels could be

used.
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[0200] At step 810, a transformation is applied to the pixel data to determine a set of
frequency coefficients indicative of frequency components of the array of pixels. The
transformation is therefore typically a frequency transformation, such as a Fourier transform,
or the like and in one example is a 2D DCT (Discrete Cosine Transform). The transformation
could be applied in any suitable manner, for example using known transformation techniques,
but in one example is performed in a highly parallel manner, thereby reducing the processing

time.

[0201] At step 820, at least some of the frequency coefficients are selectively encoded using
a bit encoding scheme to thereby generate a set of encoded frequency coefficients. The bit
encoding scheme defines the number of bits used to encode each frequency coefficient, with
the frequency coefficients being selectively encoded so that at least some of the encoded
frequency coefficients have different numbers of bits and at least one frequency coefficient is
discarded so that the set of encoded frequency coefficients is smaller than the set of

frequency coefficients.

[0202] This process could be achieved in any suitable manner, and could include discarding
some of the frequency coefficients, and then encoding the remaining frequency coefficients
with different numbers of bits, to thereby minimise the number of bits required to encode the
frequency coefficients. Alternatively, the process could include encoding some of the
frequency coefficients with zero bits, thereby effectively discarding the respective {requency

coefficients as part of the encoding step.

[0203] The particular frequency components that are discarded will vary depending on the
preferred implementation. Typically the higher frequency components are discarded as their
magnitude is smaller and as these correspond to sharp transitions within images, meaning
their contribution to the overall image quality is less. This allows higher frequency
component coefficients to be discarded without adversely effecting perceived image quality
in a noticeable manner. In addition to discarding frequency components corresponding to
higher frequencies, the process can encode frequency coefficients for higher frequency
components with less bits, thereby reducing the overall number of bits required to encode the

frequency coefficients.
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[0204] Once encoding has been performed, compressed image data can be generated at step
830, using the encoded frequency coefficients. For example, this can be performed by
creating a byte stream including sequences of the encoded frequency coefficients, optionally
with additional information, such as flags or other markers, to identify the start of a new

image, or the like.

[0205] Accordingly, the above described process allows compressed image data to be created
by selectively encoding frequency coefficients using a bit encoding scheme that discards at
least some of the frequency coefficients and encodes the remaining coefficients using
different numbers of bits, for example depending on the magnitude of the frequency
coefficient. Thus, smaller magnitude coefficients can be encoded using a smaller number of
bits without any loss in information. By using a bit encoding scheme that defines the number
of bits used to encode each frequency coefficient, this allows the same scheme to be used in
decompressing the compressed image data, in turn allowing accurate decompression to be
performed, whilst allowing the bit encoding scheme used to be configured to optimise the

compression for the current situation.

[0206] In this regard, at step 840 a set of encoded frequency coefficients are determined from
the compressed image data in accordance with the bit encoding scheme. In particular,
information regarding the number of bits used to encode each frequency coefficient allows
the received compressed image data to be segmented into the encoded frequency coefficients

by selecting the next number of bits that makes up the next frequency coefficient.

[0207] At step 850, selective bit decoding of the encoded frequency coefficients is performed
in accordance with the bit encoding scheme, to thereby generate a set of frequency
coefficients. In this regard, this is performed to convert each encoded frequency coefficient
into a frequency coefficient and additionally to generate frequency coefficients that were
discarded during the encoding process. In particular this is typically performed to generate

frequency coefficients with null values to thereby recreate a full set of frequency coefficients.

[0208] Following this an inverse transformation can be applied to the set of frequency

coefficients to determine pixel data representing an array of pixels within the one or more
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images. In particular, this is typically in the form of an inverse frequency transformation,
such as an inverse Fourier transform, 2D IDCT (Inverse Discrete Cosine Transform), or the

like.

[0209] Accordingly, the above described process allows image data to be encoded by
selectively encoding frequency coefficients using a bit encoding scheme and then
subsequently using the same bit encoding scheme to decode the encoded frequency
coefficients. Furthermore, the bit encoding scheme used can be adaptive and can depend on
a wide range of criteria, such as the nature of the image data being encoded, the particular
channel being encoded, or the like. This allows the bit encoding scheme to be applied to

thereby maximise the amount of compression that can be achieved.

[0210] In addition to the above described advantages, the scheme can be implemented in a
highly parallel manner, for example, allowing each of the frequency coefficients to be
encoded in parallel. This in turn enables the process to be performed rapidly, thereby
reducing latency, which is important in many applications, such as virtual reality
applications, in which images are created in response to movement of a display device and

must be transmitted rapidly to the display device for display.

[0211] An example of the encoding and decoding system will now be described with

reference to Figure 9.

[0212] The encoder 342 typically includes an encoder input buffer 941, coupled in turn to an
encoder processing device 942, an encoder output buffer 943, and a transceiver 944. A

separate data buffer 945 can be provided coupled to the transceiver 944.

[0213] In use, image data, and in one particular example, content stream is received and
temporarily stored in the input buffer 941, before being passed to the encoder processing
device 942 for compression. In this regard, the encoder input buffer typically buffers image
data corresponding to a next seven rows of pixels of the image, and then a next eight pixels
of the next row of pixels. This allows the encoder processing device 942 to obtain pixel data

for a next 8x8 block of pixels from the buffered image data, and commence encoding.
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[0214] Once this has been done a next eight pixels are buffered, with this being repeated until
pixel data from the first eight rows of pixels has been obtained and is being encoded. This
process is then repeated for subsequent rows of pixels in the image, until pixel data is
acquired for the entire image, at which point a next image is processed in a similar manner.
As a result of this approach, the encoder input buffer need never store more than seven rows
and eight pixels of image data, reducing memory requirements. Additionally, as pixel data is
acquired, this can be immediately processed using the encoding process, even before the next
eight pixels of image data are buffered. This significantly reduces processing time and helps

minimise overall latency.

[0215] The resulting compressed image data is then stored in the encoder output buffer 943,
for example by sequentially reading in encoded bits, to thereby perform parallel to serial byte
encoding, before being transferred to the decoder 322, via the transceiver 944. The
transceiver 944 is also adapted to transfer other data, such as a sensor data received from the

HMD, via the encoder data buffer 945.

[0216] The buffers 941, 943, 945 can be of any appropriate form of temporary storage,
depending on the preferred implementation, and in one example can include high-
performance FIFO (First-In-First-Out) field memory chips, or the like. The input buffer 941
is typically connected to an HDMI port, whilst the data buffer 945 is connected to a USB

port, thereby allowing equivalent connection to the computer system.

[0217] The transceiver 944 can be of any appropriate form, but in one example allows for
short range radio based communication between the encoder and decoder, for example via a

point to point direct WiFi™ connection, 60 GHz wireless technology, or the like.

[0218] The processing device 942 can be any device capable of performing the compression
process described herein. The processing device 942 could include a generic processing
device operating in accordance with software instructions stored in memory. However, in
one example, in order to ensure a suitably quick compression time, the processing device
includes custom hardware configured to perform the compression process. This could

include, firmware optionally associated with implementing logic such as an FPGA (Field
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Programmable Gate Array), or any other electronic device, system or arrangement. In a
preferred example, the encoder processing device 942 is configured to perform parallel
processing of individual channels, of each DCT and parallel encoding of the individual
frequency coefficients. Thus, whilst a single encoder processing device 942 is shown, in
practice, a respective encoder processing device 942 could be provided for encoding each of
the channels in parallel. In the event that a channel, such as the Y channel, is not encoded,
then the encoder processing device may simply introduce a delay in transmitting the
respective data to the encoder output buffer 943, ensuring this is still synchronised with the

encoded CbCr channels.

[0219] The decoder 322 typically includes a transceiver 924 coupled to a decoder input
buffer 921, in turn coupled to a decoder processing device 922 and a decoder output buffer

923. A separate data buffer 925 can also be provided coupled to the transceiver 924.

[0220] In use, compressed image data is received from the encoder 342 via the transceiver
924, and temporarily stored in the input buffer 921, before being passed to the decoder
processing device 922 for decompression. The resulting image data is then stored in the
decoder output buffer 923, before being transferred to the display device 120. The
transceiver 924 is also adapted to transfer other data, such as a sensor data received from the

display device 120.1, via the decoder data buffer 925.

[0221] The buffers 921, 923, 925 can be of any appropriate form of temporary storage,
depending on the preferred implementation, and in one example can include high-
performance FIFO (First-In-First-Out) field memory chips, or the like. The output buffer 923
is typically connected to an HDMI port, whilst the data buffer 925 is connected to a USB

port, thereby allowing equivalent connection to the display device.

[0222] The transceiver 924 can be of any appropriate form, but in one example allows for
short range radio based communication between the encoder and decoder, for example via a

point to point direct WiFi™ connection, 60 GHz wireless technology, or the like.

[0223] The processing device 922 could include a generic processing device operating in

accordance with software instructions stored in memory. However, in one example, in order
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to ensure a suitably low decompression time, the processing device includes custom
hardware configured to perform the decompression process. This could include, firmware
optionally associated with implementing logic such as an FPGA (Field Programmable Gate
Array), or any other electronic device, system or arrangement. In a preferred example, the
decoder processing device 922 is configured to perform parallel processing of individual
channels, of each DCT and parallel encoding of the individual frequency coefficients.
Again, whilst a single decoder processing device 922 is shown, in practice, a respective
encoder processing device 942 could be provided for encoding each of the channels in
parallel. In the event that a channel, such as the Y channel, is not encoded, then the decoder
processing device may simply introduce a delay in transmitting the respective data to the

decoder output buffer 923, ensuring this is still synchronised with the CbCr channels.

[0224] An example of a system for allowing communication between a base station and a

mobile device will now be described with reference to Figure 11.

[0225] In this example, the system includes a processing system 1110, coupled to a
communications network 1100, such as the Internet, private networks, such as 802.11
networks, WANS, or the like. In this example, the processing system 1110 is configured to
communicate with the mobile device 1120 via a base station 1160, which in turn
communicates with the mobile device using a mobile communications network, such as a 3G,
4G, 5G network, or the like, and provides ongoing connectivity to the communications

network 1100.

[0226] The processing system 1110 can be of any appropriate form, and in one example is a
server configured to generate content for display on the mobile device 1120, such as digital
reality content, multimedia content, webpages, or the like. In one example, the processing
system 1110 includes a content engine, including a combination of hardware and/or software
systems operating to generate AR or VR content, optionally on the basis of signals received
from the display systems 120, and any associated hardware, such as associated base stations.
Whilst the processing system 1110 is a shown as a single entity, it will be appreciated that the
processing system 1110 can be distributed over a number of geographically separate

locations, for example by using processing system 1110 provided as part of a cloud based
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environment. However, the above described arrangement is not essential and other suitable

configurations could be used.

[0227] In this example, the mobile device 1120 includes a transceiver 1121 and antenna
1122, as well as a processor 1123, memory 1124, input/output device 1125, such as a
touchscreen, speaker and microphone, interconnected via a bus 1126. A location module
1132 is also provided, which could be of any appropriate form, such as a GPS module, or
other locations system, such as a system employing range sensing to map a local
environment. Alternatively, the location module could determine changes in location, such
as inertial measurement unit, or accelerometer to measure movement of the mobile device. A
control module 1152, for controlling the antenna 1122, and in particular controlling beam
forming/beam steering of a phased antenna array, is also provided. Whilst this is shown as a
separate module, alternatively this could be incorporated into functionality performed by the

processor 1123, depending on the preferred implement.

[0228] In use, the processor 1123 executes instructions in the form of applications software
stored in the memory 1124 to allow the required processes to be performed. The applications
software may include one or more software modules, and may be executed in a suitable
execution environment, such as an operating system environment, or the like. The mobile
device 1120, is therefore typically a device such as an AR, VR or mixed reality display
system, mobile phone, smartphone, tablet, or the like. However, this is not essential and the

mobile device could be a portable computing device, such as a laptop, or the like.

[0229] In this example, the base station 1160 includes a transmission system 1140 which
includes a transmission module 1142 and associated antenna 1141. Although a single
module and antenna is shown, it will be appreciated that in practice multiple antennas and
modules may be provided. The transmission module 1142 can be adapted to perform suitable
encoding of the content stream prior to transmission via the transmission system antennas
1141. The transmission module 1142 can include a combination of hardware and/or software
components and in one example includes a dedicated encoder, similar to that described
above. The transmission system antenna 1141 is typically a phased array antenna directional

whose directionality can be adjusted through electronic beam steering/beam forming. The
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transmission system antenna 1141 is controlled by a control system 1150 which includes a
controller 1151, which is typically a hardware and/or software based controller for

controlling the antenna orientation.

[0230] The base station 1160 also includes a location system 1130, including a location
processing system 1131, which is used to determine the location of the mobile device 1120.
The location system 1130 receives location data from the location module 1132 of the mobile
device 1120, which defines the mobile device, typically with respect to a local or global
environment. The location system then determines the location of the mobile device 1120
relative to the base station 1160, and in particular the base station antenna 1141, allowing the

controller 1150 to control the antenna 1141.

[0231] It will be appreciated that the base station 1160 will also typically include other
infrastructure and component associated with a mobile communications network base station,

and that these will not therefore be described.

[0232] An example of the process for communicating with the mobile device will now be
described. For the purpose of this example, it will be assumed that it has already been
established as in the range of the base station 1160 in accordance with standard cellular

communications protocols.

[0233] In this example, at step 1200, the location module 1132 of the mobile device 1120
determines a position of the mobile device within its environment and provides location data
indicative of the location to the base station 1160. At step 1210, the base station 1160 will
typically perform a signal sweep, sweeping the direction of transmission to establish a
location of the mobile device 1120, based on the strongest signal. This can be performed
simultaneously with the mobile device determining the location data, or could be performed
after the location data is generated, allowing an approximate location from the location data

to be used to constrain the extent of the sweep.

[0234] Irrespective of the order, the location system 1130 of the base station 1160 then uses

the location data provided by the mobile device 1120 and the results of the signal sweep to
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set an initial relative location at step 1220, with this also being returned to the mobile device

1120.

[0235] At step 1230, as the mobile device 1120 moves, the location module updates the
location, with location data being provided to the base station 1160. The location module
1132 of the mobile device 1120 and the location system 1130 of the base station 1160 can
update the relative location, allowing the respective controllers 1152, 1151, to control the
mobile device antenna 1122 and base station antenna 1141, at steps 1240 and 1250,

respectively.

[0236] This allows communication to be performed at step 1260, with steps 1230 to 1260
being repeated to allow ongoing communication to performed, without requiring additional

signal sweeps.

[0237] Accordingly, it will be appreciated that this provides a mechanism for optimising
communication between the mobile device 1120 and base station 1160, without requiring
ongoing signal sweeps. This reduces latency, whilst maintaining an optimum signal between

the mobile device and base station, thereby maximising transmission bandwidth.

[0238] Using both the sweep and location data from the mobile device 1120 to perform the
initial localisation allows a relative location of the mobile device and base station to be
established with a high degree of accuracy. The location of the mobile device can then be
updated based on movement relative to the environment, for example using signals from
inertial sensors, SLAM algorithms, or the like. This means the location module 1132 does
not need to be established an accurate initial location, which is useful in scenarios in which
an absolute position cannot be adequately determined, for example if GPS is unavailable.
However, it will also be appreciated that in the event that the mobile device is able to provide
a sufficiently accurate absolute location relative to the base station environment, then the

initial sweep may not be required.

[0239] It will also be appreciated that in some situations, it may be necessary to periodically
repeat the sweep, for example to account for drift in tracking of the movement and/or

location of the mobile device 1120.
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[0240] An example of a system for allowing communication between two communication

devices will now be described with reference to Figure 13.

[0241] In this example, the system includes two communication devices 1320.1, 1320.2.
Each mobile device 1320 includes a transceiver 1321 and antenna 1322, as well as a
processor 1323, memory 1324, input/output device 1325, such as a touchscreen, speaker and
microphone, interconnected via a bus 1326. A location module 1332 is also provided, which
could be of any appropriate form, such as a GPS module, or other locations system, such as a
system employing range sensing to map a local environment. Alternatively, the location
module could determine changes in location, such as inertial measurement unit, or
accelerometer to measure movement of the communication device. A control module 1352,
for controlling the antenna 1322, and in particular controlling beam forming/beam steering of
a phased antenna array, is also provided. Whilst this is shown as a separate module,
alternatively this could be incorporated into functionality performed by the processor 1323,

depending on the preferred implement.

[0242] In use, the processor 1323 executes instructions in the form of applications software
stored in the memory 1324 to allow the required processes to be performed. The applications
software may include one or more software modules, and may be executed in a suitable
execution environment, such as an operating system environment, or the like. The
communication device 1320, is therefore typically a device such as an AR, VR or mixed
reality display system, mobile phone, smartphone, tablet, or the like. However, this is not
essential and the communications devices could be of any form. Additionally, whilst shown
as having a generally similar configuration, this is not essential and the communications
devices could be of a different form, such as a computer system and an AR, VR or mixed

reality display system.

[0243] In this example, the location modules 1332 of the two communication devices
exchange locations, allowing the initial relative location to be established. Otherwise, the
approach is substantially similar to that described above, and will not therefore be described

in further detail.



WO 2018/145153 PCT/AU2018/050090

-52-

[0244] Accordingly, the above described systems use arrangements in which a location of a
device relative to an environment is used in order to track the device location, for the purpose
of controlling directional transmissions with the device. This can include controlling an
antenna located separately to the device, for transmission to the device, as well as controlling
an on-board antenna for the purpose of transmitting to another antenna. In one example, this
is used to control a direction of transmission, with this optionally being achieved using beam

forming and/or beam steering.

[0245] Being able to control antennas and optimise transmission can help maximise available
bandwidth. Furthermore, being able to achieve this whilst avoiding the need to perform
signal sweeps, which are traditionally used for localisation, can reduce latency significantly
and also reduce unnecessary signal transmissions, which can in turn lead to interference
between devices. However, it will be appreciated that whilst signal sweeps are preferably
avoided, this is not essential and alternatively these could be minimised, for example
performing signal sweeps with a reduced frequency, or by reducing the area over which the
beam sweep occurs, hence minimising the time taken to perform a sweep, and reducing the

amount of signal transmissions performed as part of the sweep.

[0246] The above description illustrates two main embodiments, namely providing digital
content in a multi-player environment, and communication between two communication
devices, more generally. It will be appreciated however, that the multi-player venue scenario
is merely a specific example of the more general communication process, and hence that
features or processes described in respect of one embodiment could also be implemented in
the other embodiment. Description of features or processes in respect of one embodiment
only is not therefore intended to be limiting, and features and processes could therefore be

used interchangeably as appropriate.

[0247] Whilst reference is made throughout to location, it will be appreciated that the term is
intended to cover a position and that these terms are effectively analogous and can be used

interchangeably.
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[0248] Furthermore, it will be appreciated that where reference is made to an antenna in the
singular, this is not intended to be limiting, and the techniques can be applied to systems

including multiple antennas.

[0249] Accordingly, the above described system provides a mechanism to allow existing VR
or AR hardware to be adapted for use in multiplayer venues. The processes described also
have wider application, allowing for localisation of communications devices to be used in
order to optimise communication. Specifically the location can be used in order to control a
directional antenna, such as a phased array, allowing beam steering and/or beam forming to
be performed based on the relative location, or position and orientation, of two
communicating devices. This in turn reduces and/or obviates the need to perform beam
sweeps, which add significantly to the latency of communications, as well as resulting in
more widespread distribution of transmissions, which can in turn increase interference with

other devices.

[0250] Throughout this specification and claims which follow, unless the context requires
otherwise, the word “comprise”, and variations such as “comprises” or “comprising”, will be
understood to imply the inclusion of a stated integer or group of integers or steps but not the

exclusion of any other integer or group of integers.

[0251] Persons skilled in the art will appreciate that numerous variations and modifications
will become apparent. All such variations and modifications which become apparent to
persons skilled in the art, should be considered to fall within the spirit and scope that the

invention broadly appearing before described.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1)

2)

3)

4)

5)

6)

A communications system including:
a) first and second communications devices, each communications device including an
antenna;
b) a location system that determines a location of at least one of the first and second
communications devices; and,
¢) acontrol system that:
1) receives a location indication indicative of the location from the location system;
ii) determines a relative location of the first and second communications devices;
and,
ii1) selectively controls a transmitting antenna of at least one of the first and second
communications devices in accordance with the relative position to thereby
optimise communication between the first and second communications devices.
A communications system according to claim 1, wherein the location is a location within
an environment.
A communications system according to claim 1 or claim 2, wherein the location system is
a positioning system that determines a pose relative to an environment and wherein the
control system:
a) determines a relative pose of the first and second communications devices; and,
b) selectively controls a transmitting antenna in accordance with the relative pose.
A communications system according to any one of the claims 1 to 3, wherein the control
system controls the antenna to at least one of:
a) adjust an antenna direction;
b) perform beam steering; and,
¢) perform beam forming.
A communications system according to any one of the claims 1 to 4, wherein the at least
one of the first and second communications devices includes a plurality of antennas, and
wherein the control system selects a respective one of the plurality of antennas in
accordance with the relative location.
A communications system according to any one of the claims 1 to 5, wherein the control

System:
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a) determines relative movement of the first and second communications devices; and,
b) controls a transmitting antenna in accordance with the relative movement.

7) A communications system according to claim 6, wherein the control system tracks
movement of at least one communications device in accordance with the multiple location
indications and controls the antenna in accordance with the movement.

8) A communications system according to claim 6 or claim 7, wherein the control system
determines a relative position of the first and second communications devices at least in
part using a relative movement and a predictive algorithm.

9) A communications system according to any one of the claims 1 to 8, wherein the control
System:

a) determines a signal strength;

b) determines an initial communications device location in accordance with the signal
strength; and,

c) determines a change in mobile device location in accordance with one or more
location indications.

10) A communications system according to any one of the claims 1 to 9, wherein the location
module includes a sensor and determines a communications device location in accordance
with signals from the sensor.

11)A communications system according to claim 10, wherein the sensor includes a range
sensor that determines a range of the communications device from an environment.

12) A communications system according to claim 10 or claim 11, wherein the location
module determines the communications device location using a simultaneous localization
and mapping algorithm.

13) A communications system according to any one of the claims 1 to 12, wherein the
antenna is at least one of:

a) aphased antenna array; and,
b) amovable directional antenna.

14) A communications system according to any one of the claims 1 to 13, wherein the control
System:

a) determines a relative location of the first and second communications devices within

an environment;



WO 2018/145153 PCT/AU2018/050090

-56 -

b) retrieves an environment map; and,
c) controls the antenna at least partially in accordance with relative location and the
environment map.
15) A communications system according to claim 14, wherein the environment map is at least
one of an occlusion map and a reflection map.
16) A communications system according to any one of the claims 1 to 15, wherein the control
System:
a) retrieves an occlusion map defining:
1) occlusion locations; and,
ii) a transmission path to avoid the occlusion; and,
b) selectively controls the at least one antenna in accordance with the relative location
and the occlusion map.
17) A communications system according to claim 16, wherein the control system:
a) detects occlusion of a communications device;
b) controls an antenna to adjust a transmission direction to thereby re-establish
communication with the communications device;
¢) determines a communications device location; and,
d) updates an occlusion map with the communications device location and the
transmission direction.
18) A communications system according to any one of the claims 1 to 17, wherein the control
System:
a) determines a location of at least one other communications device; and,
b) controls the antenna in accordance with the location of the at least one other
communications device.
19) A communications system according to claim 18, wherein the control system:
a) determines a communications channel used by the at least one other communications
device; and,
b) selectively controls a communications channel used by the antenna in accordance
with the communications channel of the other communications device.
20) A communications system according to any one of the claims 1 to 19, wherein the first

communications device is a static device, and wherein the control system determines the
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relative location using the location of the second communications device and a known
location of the first communications device.

21)A communications system according to claim 20, wherein the first communications
device is a static device, and wherein the control system determines the relative location
using the location of the second communications device and a known location of the first
communications device.

22)A communications system according to claim 21, wherein the known location is
determined during an initialisation process.

23)A communications system according to any one of the claims 1 to 22, wherein the
communications device includes:

a) amobile device including:

1) a location module that determines a mobile device location relative to an
environment;

i1) a mobile device transceiver that transmits and receives signals via a mobile device
antenna; and,

ii1) a mobile device processor that transmits a location indication indicative of the
mobile device location via the mobile device transceiver; and,

b) abase station including:

1) a base station transmission system that transmits and receives signals to allow
communication with the mobile device, the base station transmission system
including at least one antenna; and,

i1) acontrol system that:

(1) receives the location indication from the mobile device via the base station
transmission system;

(2) determines the mobile device location; and,

(3) selectively controls the at least one antenna in accordance with the mobile
device location to thereby optimise communication between the base station
and mobile device.

24)A communications system according to claim 23, wherein the mobile device includes at
least one of:

a) a digital reality headset; and,
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a mobile communications device.

25)A communications system according to claim 23 or claim 24, wherein the mobile device

and base station communicate via at least one of:

a)
b)
9)

a cellular communications protocol;
a short range wireless communications protocol; and,

a 5G network.

26)A communications method for first and second communications devices, each

communications device including an antenna, the method including:

a)

b)

using a location system to determine a location of at least one of the first and second

communications devices; and,

using a control system to:

1) receive alocation indication indicative of the location from the location system;

1) determine a relative location of the first and second communications devices; and,

ii1) selectively control a transmitting antenna of at least one of the first and second
communications devices in accordance with the relative position to thereby

optimise communication between the first and second communications devices.

27)A communications system including:

a)

b)

the mobile device including:

1) a location module that determines a mobile device location relative to an
environment;

ii) a mobile device transceiver that transmits and receives signals; and,

ii1) a mobile device processor that transmits a location indication indicative of the
mobile device location via the mobile device transceiver; and,

a base station including:

1) a base station transmission system that transmits and receives signals to allow
communication with the mobile device, the base station transmission system
including at least one antenna; and,

i1) acontrol system that:

(1) receives the location indication from the mobile device via the base station
transmission system;

(2) determines the mobile device location; and,
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(3) selectively controls the at least one antenna in accordance with the mobile
device location to thereby optimise communication between the base station

and mobile device.

28) A communications method for providing communications between a mobile device and a

base station, the method including:

a)

b)

in the mobile device:

1) using a location module to determine a mobile device location relative to an
environment; and,

i1) in a mobile device processor, transmitting a location indication indicative of the
mobile device location via a mobile device transceiver; and,

in a control system of the base station:

1) receiving the location indication from the mobile device via the base station
transmission system, the base station transmission system including at least one
antenna;

ii) determining the mobile device location; and,

ii1) selectively controlling the at least one antenna in accordance with the mobile
device location to thereby optimise communication between the base station and

mobile device.

29) An antenna control system for communications between first and second communications

devices, each communications device including an antenna, the antenna control system

being configured to:

a)

b)
9)

receive a location indication from a location system, the location indication being
indicative of a location of at least one of the first and second communications devices;
determine a relative location of the first and second communications devices; and,

selectively control at least one transmitting antenna in accordance with the relative

location to thereby optimise communication between the communications devices.

30) An antenna control system according to claim 29, wherein the control system controls the

antenna to at least one of:

a)
b)
9)

adjust an antenna direction;
perform beam steering; and,

perform beam forming.
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31)An antenna control system according to claim 29 or claim 30, wherein the at least one of
the first and second communications devices includes a plurality of antennas, and wherein
the control system selects a respective one of the plurality of antennas in accordance with
the relative location.

32)An antenna control system according to any one of the claims 29 to 31, wherein the
control system:
a) determines relative movement of the first and second communications devices; and,
b) controls a transmitting antenna in accordance with the relative movement.

33)An antenna control system according to claim 32, wherein the control system controls a
transmitting antenna at least in part using a relative movement and a predictive algorithm.

34) An antenna control system according to claim 32 or claim 33, wherein the control system
tracks movement of at least one communications device in accordance with the multiple
location indications and controls the antenna in accordance with the movement.

35)An antenna control system according to any one of the claims 29 to 34, wherein the
control system:
a) determines a signal strength;
b) determines an initial communications device location in accordance with the signal

strength; and,
c) determines a change in mobile device location in accordance with one or more
location indications.

36)An antenna control system according to any one of the claims 29 to 35, wherein the
location indication is determined using a simultaneous localization and mapping
algorithm.

37)An antenna control system according to any one of the claims 29 to 36, wherein the
antenna is at least one of:
a) aphased antenna array; and,
b) amovable directional antenna.

38)An antenna control system according to any one of the claims 29 to 37, wherein the
control system:
a) determines a relative location of the first and second communications devices within

an environment;
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b) retrieves an environment map; and,
c) controls the transmitting antenna at least partially in accordance with relative location
and the environment map.
39) An antenna control system according to claim 38, wherein the environment map is at least
one of an occlusion map and a reflection map.
40)An antenna control system according to any one of the claims 29 to 39, wherein the
control system:
a) retrieves an occlusion map defining:
1) occlusion locations; and,
ii) a transmission path to avoid the occlusion; and,
b) selectively controls the at least one antenna in accordance with the relative location
and the occlusion map.
41) An antenna control system according to claim 40, wherein the control system:
a) detects occlusion of a communications device;
b) controls an antenna to adjust a transmission direction to thereby re-establish
communication with the communications device;
¢) determines a communications device location; and,
d) updates an occlusion map with the communications device location and the
transmission direction.
42)An antenna control system according any one of the claims 29 to 41, wherein the control
System:
a) determines a location of at least one other communications device; and,
b) controls the transmitting antenna in accordance with the location of the at least one
other communications device.
43) An antenna control system according to claim 42, wherein the control system:
a) determines a communications channel used by the at least one other communications
device; and,
b) selectively controls a communications channel used by the antenna in accordance
with the communications channel of the at least one other communications device.
44) An antenna control system according to any one of the claims 29 to 43, wherein the first

communications device is a static device, and wherein the control system determines the
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relative location using the location of the second communications device and a known

location of the first communications device.

45) An antenna control system according to any one of the claims 29 to 44, wherein the first
communications device is a static device, and wherein the control system determines the
relative location using the location of the second communications device and a known
location of the first communications device.

46)An antenna control system according to claim 45, wherein the known location is
determined during an initialisation process.

47)An antenna control system according to any one of the claims 29 to 46, wherein
communications devices include a mobile device and a base station and wherein the
control system is configured to:

a) receive a location indication from a mobile device, the location indication being
indicative of a mobile device location relative to an environment;

b) determine the mobile device location; and,

c) selectively control the at least one antenna in accordance with the mobile device
location to thereby optimise communication between the base station and mobile
device.

48)An antenna control system according to any one of the claims 29 to 47, wherein the
antenna is for communicating using at least one of:

a) a cellular communications protocol;

b) ashort range wireless communications protocol; and,

¢) a 5G network.

49)An antenna control method for communications between first and second
communications devices, each communications device including an antenna, the antenna
control method including, in a control system:

a) receiving a location indication from a location system, the location indication being
indicative of a location of at least one of the first and second communications devices;

b) determining a relative location of the first and second communications devices; and,

c) selectively controlling at least one transmitting antenna in accordance with the
relative location to thereby optimise communication between the communications

devices.
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50)An antenna control for mobile device communications, the antenna control system being
configured to:

a) receive a location indication from a mobile device, the location indication being
indicative of a mobile device location relative to an environment;

b) determine the mobile device location; and,

c) selectively control the at least one antenna in accordance with the mobile device
location to thereby optimise communication between the base station and mobile
device.

51)An antenna control method for mobile device communications, the antenna control
method including, in an antenna control system:

a) receiving a location indication from a mobile device, the location indication being
indicative of a mobile device location relative to an environment;

b) determining the mobile device location; and,

c) selectively controlling the at least one antenna in accordance with the mobile device
location to thereby optimise communication between the base station and mobile

device.
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