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(57) Abstract: A computer-implemented method of configuring a virtual camera. The method comprises receiving, at an interface of
an electronic device, a pointing operation identifying a location in a representation of a scene displayed in a first display region; and

receiving, at the interface, a further operation in the first display

region, the further operation comprising a continuous motion away

from the location of the secific operation. The method further comprises configuring the virtual camera based on the location of the

pointing operation and at least a direction of the further operation,

wherein an image corresponding to the configured virtual camera is

displayed, in a second display region, the second display region being difterent from the first display region.
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SYSTEM AND METHOD OF CONFIGURING A VIRTUAL CAMERA

TECHNICAL FIELD

[0001] The present invention relates to control of virtual cameras, in particular the generation of

virtual camera views and the control of virtual camera settings through interaction means.

BACKGROUND

[0002] Image based rendering allows synthesis of a virtual viewpoint from a collection of
camera images. For example, in an arrangement where a subject is surrounded by a ring of
physical cameras, a new (virtual camera) view of the subject, corresponding to a position in
between (physical camera) captured views, can be synthesised from the captured views or video
streams if sufficient knowledge of the camera configuration and the scene captured by the

physical cameras is available.

[0003] In recent times, the ability to synthesise an arbitrary viewpoint has been promoted for
the purpose of “free viewpoint” video. In “free viewpoint™ video the viewer is able to actively
adjust the camera viewpoint to his or her preference within the constraints of the video capture
system. Alternatively, a video producer or camera person may employ the free viewpoint
technology to construct a viewpoint for a passive broadcast audience. In the case of sport
broadcast, the producer or camera person is tasked with constructing virtual camera viewpoints
in an accurate and timely manner in order to capture the relevant viewpoint during live

broadcast of the sport.

[0004] There exist industry standard methods of positioning virtual cameras in virtual
environments, such as methods employed in 3D modelling software, used for product concept
generation and rendering such as 3D Studio Max. In systems such as 3D Studio Max, virtual
cameras are configured by selecting, moving and dragging the virtual camera, the virtual
camera’s line of sight, or both the virtual camera and the virtual camera’s line of sight. The
movement of the camera can be constrained by changing the angle from which the 3D world is
viewed, by using a 3D positioning widget (e.g., the Gizmo in 3D Studio Max) or by activating
constraints in the user interface (UI) e.g. selecting an active plane. In systems such as 3D Studio

Max, clicking and dragging with a mouse to set both the camera position and line of sight
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(orientation) in the 3D environment is possible. However editing other camera settings such as

field of view or focal distance 1s done using user interface controls.

[0005] Methods are also known of moving physical cameras in the real world such as remote
control of cable cam and drone based cameras. The methods involving remote controls could be
used to configure virtual cameras in virtual or real environments. Configuring cable cam and
drone cameras involves using one or more joysticks or other hardware controller to change the
position and viewpoint of the camera. The cable cam and drone systems can position cameras
accurately but not quickly, as time is required to navigate the camera(s) into position. The
delay caused by navigation makes the remote control systems less responsive to the action on a
sports field, playing field, or stadium which can often be fast-paced. Changing other camera
settings such as zoom (field of view), focal distance (focus) is achieved by simultaneously
manipulating other hardware controllers such as ‘zoom rockers’ or ‘focus wheels’.
Manipulating the hardware controllers often requires two hands, sometimes two operators (four

hands), and 1s time consuming.

[0006] Another known method of configuring virtual cameras uses one free air gesture to set
both the position and orientation of a camera. The free air gesture involves circling a target
object with a finger in mid-air while simultaneously pointing the finger toward the target object.
The free air gesture sets two virtual camera settings simultaneously. However, the free air
gesture method requires both free air gestures and subsequent gestures or interactions to set

other settings of the virtual camera.

[0007] The camera control interactions described above are typically inappropriate for
applications such as sport broadcast, as camera navigation using the interaction and systems
described is relatively time consuming. There remains an unmet need in virtual camera control
for a method of generating and controlling a virtual camera view in an accurate and timely

manner.

SUMMARY

[0008] It is an object of the present invention to substantially overcome, or at least ameliorate,

at least one disadvantage of present arrangements.
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[0009] One aspect of the present disclosure provides a computer-implemented method of
configuring a virtual camera, the method comprising: receiving, at an interface of an electronic
device, a pointing operation identifying a location in a representation of a scene displayed in a
first display region; receiving, at the interface, a further operation in the first display region, the
further operation comprising a continuous motion away from the location of the pointing
operation; and configuring a virtual camera based on the location of the pointing operation and
at least a direction of the further operation, wherein an image corresponding to the configured
virtual camera is displayed in a second display region, the second display region being different

from the first display region.

[0010] Another aspect of the present disclosure provides a non-transitory computer-readable
medium having a computer program stored thereon for configuring a virtual camera, the
program comprising: code for receiving, at an interface of an electronic device, a pointing
operation identifying a location in a representation of a scene displayed in a first display region;
code for receiving, at the interface, a further operation in the first display region, the further
operation comprising a continuous motion away from the location of the pointing operation;
and code for configuring a virtual camera based on the location of the pointing operation and at
least a direction of the further operation, and displaying an image corresponding to the
configured virtual camera in a second display region, the second display region being different

from the first display region.

[0011] Another aspect of the present disclosure provides a system, comprising: an interface; a
display; a memory; and a processor, wherein the processor is configured to execute code stored
on the memory for implementing a method of configuring a virtual camera, the method
comprising: receiving, at the interface, a pointing operation identifying a location in a
representation of a scene displayed in a first display region; receiving, at the interface, a further
operation in the first display region, the further operation comprising a continuous motion away
from the location of the pointing operation; configuring the virtual camera based on the location
of the pointing operation and at least a direction of the further operation; wherein an image
corresponding to the configured virtual camera is displayed in a second display region, the

second display region being different from the first display region.

[0012] Another aspect of the present disclosure provides a tablet device adapted to configure a

virtual camera, comprising: a touchscreen; a memory; a processor configured to execute code
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stored on the memory to: display a video representation of a scene in a first region of the
touchscreen; receive, at the touchscreen, a pointing operation identifying a location in the scene
in the first region; receive, at the touchscreen, a further operation in the first region, the further
operation comprising a continuous motion away from the location; configure the virtual camera
based on the location of the pointing operation and at least a direction of the further operation;
and display an image corresponding to the configured virtual camera in a second region of the

touchscreen, the second region being different from the first region.

[0013] Another aspect of the present disclosure provides a computer-implemented method of
configuring a virtual camera, the method comprising: receiving, at an interface of an electronic
device, an initial touch at a location on a representation of a playing field displayed by the
electronic device; identifying, via the interface, a direction of a first motion away from the
location of the initial touch, the first motion being a continuous motion from the initial touch;
identifying, via the interface, a length of a second motion, away from the received direction of
the first motion, the second motion being a continuous motion from the first motion; and
generating the virtual camera at the location of the initial touch in the playing field, the virtual
camera having an orientation based on the identified direction of the first motion and a field of

view based on the identified length of the second motion.

[0014] In some aspects, the interface is a touchscreen, and each of the first motion and the

second motion is a swipe gesture applied to the touchscreen.

[0015] In some aspects, the method further comprises determining an angle of the second
motion relative to the first motion, and determining an extent of the virtual camera based on the

angle.

[0016] In some aspects, the angle is within a predetermined threshold.

[0017] In some aspects, the method further comprises determining objects in the field of view

of the virtual camera and highlighting the detected objects.

[0018] In some aspects, the location of the initial touch is determined to be a location of an
object in the playing field, and the virtual camera is configured to maintain a location relative to

the object as the object moves about the playing field.
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[0019] In some aspects, the object is a player the virtual camera is configured to track a

viewpoint of the person.

[0020] In some aspects, the first motion ends on an object on the playing field and the virtual

camera is generated to track the object.

[0021] In some aspects, the virtual camera is generated to have a height based on a duration of

the initial touch.

[0022] In some aspects, the interface comprises a hover sensor, the initial touch is a hover

gesture, and a height of the virtual camera is determined based on a height of the hover gesture.

[0023] In some aspects, the interface is a touchscreen and a height of the virtual camera is

determined using pressure applied to the touchscreen during the initial touch.

[0024] In some aspects, if the second motion traces back along a trajectory of the first motion,
the virtual camera is configured to have a depth of field based on the determined length of the

second motion.

[0025] In some aspects, the method further comprises detecting, at the interface a further touch
gesture at the location on the playing field, displaying an indication of the initial touch gesture,
the first motion and the second motion; and receiving a gesture updating one of the first motion

and the second motion to update the virtual camera.

[0026] In some aspects, if the mitial touch is at a location of an object in the playing field, and
the second motion is at an angle relative to the first motion between two predetermined

thresholds, the virtual camera is generated to orbit the object.

[0027] In some aspects, a length of the first motion gesture is used to determine a radius of an

orbital path of the virtual camera relative to the object.

[0028] Another aspect of the present disclosure provides a non-transitory computer-readable
medium having a computer program stored thereon for configuring a virtual camera, the
program comprising: code for receiving, at an interface of an electronic device, an initial touch

at a location on a representation of a playing field displayed by the electronic device; code for
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identifying, via the interface, a direction of a first motion away from the location of the initial
touch, the first motion being a continuous motion from the initial touch; code for identifying,
via the interface, a length of a second motion, away from the received direction of the first
motion, the second motion being a continuous motion from the first motion; and code for
generating the virtual camera at the location of the initial touch in the playing field, the virtual
camera having an orientation based on the identified direction of the first motion and a field of

view based on the identified length of the second motion.

[0029] Another aspect of the present disclosure provides a system, comprising: an interface; a
display; a memory; and a processor, wherein the processor is configured to execute code stored
on the memory for implementing a method of configuring a virtual camera, the method
comprising: receiving, at the interface, an initial press touch at a location on a representation of
a playing field displayed on display; identifying, via the interface, a direction of a first motion
away from the location of the initial touch, the first motion being a continuous motion from the
initial touch; identifying, via the interface, a length of a second motion, away from the received
direction of the first motion, the second motion being a continuous motion from the first
motion; and generating the virtual camera in the playing field at the location of the initial touch
in the playing field, with the virtual camera having an orientation of based on the received
identified direction of the first motion and a field of view based on the received identified

length of the second motion.

[0030] Another aspect of the present disclosure provides a tablet device adapted to configure a
virtual camera, comprising: a touchscreen; a memory; a processor configured to execute code
stored on the memory to: display, on the touchscreen, a video representation of a playing field;
receive, at the touchscreen, an initial touch at a location on the representation of the playing
field; identify, via the touchscreen, a direction of a first motion away from the location of the
initial touch, the first motion being a continuous motion from the initial touch; identify, via the
touchscreen, a length of a second motion, away from the received direction of the first motion,
the second motion being a continuous motion from the first motion; and generate a virtual
camera at the location of the initial touch in the playing field, the virtual camera having an
orientation based on the identified direction of the first motion and a field of view based on the

identified length of the second motion.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0031] One or more example embodiments of the invention will now be described with

reference to the following drawings, in which:

[0032] Fig. 1 shows an arrangement of networked video cameras surrounding a sports stadium;

[0033] Fig. 2 shows a schematic flow diagram of a method of configuring a virtual camera;

[0034] Figs. 3A and 3B show a gesture for configuring a virtual camera;

[0035] Figs. 4A and 4B show gestures for configuring a virtual camera to show an object’s

point of view;

[0036] Figs. SA and 5B show gestures for configuring a virtual camera where virtual camera

height is actively defined.

[0037] Fig. 6 shows a gesture for configuring a virtual camera where depth of field is actively
defined.

[0038] Figs. 7A and 7B show a method for editing virtual camera attributes post generation.

[0039] Figs. 8A and 8B relate to a gesture for configuring a virtual camera with constrained

movement.

[0040] Figs. 9A and 9B collectively form a schematic block diagram representation of an

electronic device upon which described arrangements can be practised.

DETAILED DESCRIPTION INCLUDING BEST MODE

[0041] As described above, known methods of generating and controlling a virtual camera view
are often unsuitable for applications which require relatively quick virtual camera

configuration, such as live sports broadcast.
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[0042] In the system described herein, definition of characteristics of a virtual camera is
achieved by a user making a gesture using an interface such as a touchscreen. Attributes of the
gesture define multiple characteristics of the virtual camera. The gesture allows a virtual

camera to be configured in timeframes required by a responsive virtual sport broadcast system.

[0043] The methods described herein are intended for use in the context of a performance arena
being a sports or similar performance field as shown in Fig. 1. A system 100, includes an arena
110 assumed to be centred on a real physical playing field that is approximately rectangular,
oval or circular. The shape of the field 110 allows the field 110 to be surrounded by one or
more rings of physical cameras 120A to 120X. In the example arrangement 100, the arena 110
is a field. However in other arrangement, the arena 110 could be a music stage, theatre, a public
or a private venue, or any venue having a similar arrangement of physical cameras and a known
spatial layout. For example, the arrangements described could also be used for surveillance in

an arena such as a train station platform.

[0044] The field 110, in the example of Fig. 1, contains objects 140. Each of the objects 140
can be a person, a ball, a vehicle or any structure on the field 110. The cameras 120A to 120X
are synchronised to acquire frames at the same instants in time so that all points on the field 110
are captured simultaneously from a large number of viewpoints. In some variations, a full ring
of cameras is not employed but rather some subsets of the full perimeter are employed. The
arrangement using subsets of the full perimeter may be advantageous when certain viewpoints

are known to be unnecessary ahead of time.

[0045] The video frames captured by the cameras 120A-120X are subject to processing and
temporary storage near the cameras 120A-120X prior to being made available via a network
connection 921 to a video processing unit 905. The video processing unit 905 receives
controlling input from an interface of a controller 180 that specifies position, orientation, zoom
and possibly other simulated camera features for a virtual camera 150. The virtual camera 150
represents a location, direction and field of view generated from video data received from the
cameras 120A to 120X. The controller 180 recognizes input (such as screen touch or mouse
click) from the user. Recognition of touch input from the user can be achieved through a
number of different technologies, such as capacitance detection, resistance detection,
conductance detection, vision detection and the like. The video processing unit 905 is

configured to synthesise a specified virtual camera perspective view 190 based on the video
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streams available to the unit 905 and display the synthesised perspective on a display terminal
914. The virtual camera perspective view 190 relates to a video view that the virtual camera

150 captures. The display terminal 914 could be one of a variety of configurations for example,
a touchscreen display, an LED monitor, a projected display or a virtual reality headset. If the
display terminal 914 is a touchscreen, the display terminal 914 may also provide the interface of
the controller 180. The virtual camera perspective view 190 represents frames of video data

resulting from generation of the virtual camera 150.

[0046] “Virtual cameras™ are referred to as virtual because the functionality of the virtual
cameras 1s computationally derived by methods such as interpolation between cameras or by
rendering from a virtual modelled 3d scene constructed using data from many cameras (such as
the cameras 120A to 120X) surrounding the scene (such as the field 110), rather than simply the

output of any single physical camera.

[0047] A virtual camera location input may be generated in known arrangements by a human
virtual camera operator and be based on input from a user interface device such as a joystick,
mouse or similar controller including dedicated controllers comprising multiple input
components. Alternatively, the camera position may be generated fully automatically based on
analysis of the game play. Hybrid control configurations are also possible whereby some
aspects of the camera positioning are directed by a human operator and others by an automated
algorithm. Examples of the latter include the case where coarse positioning is performed by a
human operator and fine positioning, including stabilisation and path smoothing is performed

by the automated algorithm.

[0048] The video processing unit 905 achieves frame synthesis using image based rendering
methods known in the art. The rendering methods are based on sampling pixel data from the set
of cameras 120A to 120X of known geometric arrangement. The rendering methods combine
the sampled pixel data information into a synthesised frame. In addition to sample based
rendering of the requested frame, the video processing unit 905 may also perform synthesis, 3D
modelling, in-painting or interpolation of regions as required covering sampling deficiencies
and creating frames of high quality visual appearance. The processor 905 may also provide
feedback in the form of the frame quality or the completeness of camera coverage for the
requested viewpoint so that the device generating the camera position control signal can be

aware of the practical bounds of the processing system. An example video view 190 created by
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the video processing unit 905 may subsequently be provided to a production desk (not depicted)
video streams received from the cameras 120A to 120X can be edited together to form a
broadcast video. Alternatively the virtual camera perspective view 190 might be broadcast

unedited or stored for later compilation.

[0049] The processor 905 is also typically configured to perform image analysis including
object detection and object tracking on video data captured by the cameras 120A to 120X. In
particular, the video processing unit 905 can be used to detect and track objects in a virtual
camera field of view. In alternative arrangements, the objects 140 in the field 110 can be

tracked using sensors attached to the objects, for example sensors attached to players or a ball.

[0050] The flexibility afforded by the computational video capture system of Fig. 1 described
above presents a secondary set of problems not previously anticipated in live video coverage
using physical cameras. In particular, as described above problems have been identified in,
how to generate a virtual camera anywhere on a sports field, at any time in response to the

action on the field.

[0051] Figs. 9A and 9B depict a collectively form a schematic block diagram of a general
purpose electronic device 901 including embedded components, upon which the methods to be
described are desirably practiced. In the arrangements described, the controller 180 of Fig. 1 is
integral to the electronic device 901, a tablet device. In other arrangements, the controller 180
may form part of a separate device (for example a tablet) to the video processing unit 905 (for
example a cloud server), the separate devices in communication over a network such as the

internet.

[0052] The electronic device 901 may be, for example, a mobile phone or a tablet, in which
processing resources are limited. Nevertheless, the methods to be described may also be
performed on higher-level devices such as desktop computers, server computers, and other such

devices with significantly larger processing resources.

[0053] As seen in Fig. 9A, the electronic device 901 comprises an embedded controller 902.
Accordingly, the electronic device 901 may be referred to as an “embedded device.” In the
present example, the controller 902 has the processing unit (or processor) 905 which is bi-

directionally coupled to an internal storage module 909. The internal storage module 909 may
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be formed from non-volatile semiconductor read only memory (ROM) 960 and semiconductor
random access memory (RAM) 970, as seen in Fig. 9B. The RAM 970 may be volatile, non-

volatile or a combination of volatile and non-volatile memory.

[0054] The electronic device 901 includes a display controller 907, which is connected to a
video display 914, such as a liquid crystal display (LCD) panel or the like. The display
controller 907 is configured for displaying graphical images on the video display 914 in
accordance with instructions received from the embedded controller 902, to which the display

controller 907 is connected.

[0055] The electronic device 901 also includes user input devices 913 which are typically
formed by keys, a keypad or like controls. In a preferred implementation, the user input
devices 913 include a touch sensitive panel physically associated with the display 914 to
collectively form a touch-screen. The touch-screen may thus operate as one form of graphical
user interface (GUI) as opposed to a prompt or menu driven GUI typically used with keypad-
display combinations. Other forms of user input devices may also be used, such as a
microphone (not illustrated) for voice commands or a joystick/thumb wheel (not illustrated) for
ease of navigation about menus. In the arrangements described, the touchscreen 914 forms the
interface of the controller 180 via which gestures are received to generate the virtual camera
150. However, in some implementations, the gestures can be received via a graphical user

interface using different inputs of the devices 913, such as a mouse.

[0056] As seen in Fig. 9A, the electronic device 901 also comprises a portable memory
interface 906, which is coupled to the processor 905 via a connection 919. The portable
memory interface 906 allows a complementary portable memory device 925 to be coupled to
the electronic device 901 to act as a source or destination of data or to supplement the internal
storage module 909. Examples of such interfaces permit coupling with portable memory
devices such as Universal Serial Bus (USB) memory devices, Secure Digital (SD) cards,
Personal Computer Memory Card International Association (PCMIA) cards, optical disks and

magnetic disks.

[0057] The electronic device 901 also has a communications interface 908 to permit coupling
of the device 901 to a computer or communications network 920 via a connection 921. The

connection 921 may be wired or wireless. For example, the connection 921 may be radio
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frequency or optical. An example of a wired connection includes Ethernet. Further, an
example of wireless connection includes Bluetooth™ type local interconnection, Wi-Fi
(including protocols based on the standards of the IEEE 802.11 family), Infrared Data
Association (IrDa) and the like. The physical cameras 120A to 120X typically communicate

with the electronic device 901 via the connection 921.

[0058] Typically, the electronic device 901 is configured to perform some special function.
The embedded controller 902, possibly in conjunction with further special function
components 910, is provided to perform that special function. For example, where the

device 901 1s a tablet, the components 910 may represent a hover sensor or a touchscreen of the
tablet. The special function components 910 is connected to the embedded controller 902. As
another example, the device 901 may be a mobile telephone handset. In this instance, the
components 910 may represent those components required for communications in a cellular
telephone environment. Where the device 901 is a portable device, the special function
components 910 may represent a number of encoders and decoders of a type including Joint
Photographic Experts Group (JPEG), (Moving Picture Experts Group) MPEG, MPEG-1 Audio
Layer 3 (MP3), and the like.

[0059] The methods described hereinafter may be implemented using the embedded

controller 902, where the processes of Figs. 2 to 8§ may be implemented as one or more software
application programs 933 executable within the embedded controller 902. The electronic
device 901 of Fig. 9A implements the described methods. In particular, with reference to

Fig. 9B, the steps of the described methods are effected by instructions in the software 933 that
are carried out within the controller 902. The software instructions may be formed as one or
more code modules, each for performing one or more particular tasks. The software may also
be divided into two separate parts, in which a first part and the corresponding code modules
performs the described methods and a second part and the corresponding code modules manage

a user interface between the first part and the user.

[0060] The software 933 of the embedded controller 902 is typically stored in the non-volatile
ROM 960 of the internal storage module 909. The software 933 stored in the ROM 960 can be
updated when required from a computer readable medium. The software 933 can be loaded
into and executed by the processor 905. In some instances, the processor 905 may execute

software instructions that are located in RAM 970. Sofiware instructions may be loaded into the
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RAM 970 by the processor 905 initiating a copy of one or more code modules from ROM 960
into RAM 970. Alternatively, the software instructions of one or more code modules may be

pre-installed in a non-volatile region of RAM 970 by a manufacturer. After one or more code
modules have been located in RAM 970, the processor 905 may execute software instructions

of the one or more code modules.

[0061] The application program 933 is typically pre-installed and stored in the ROM 960 by a
manufacturer, prior to distribution of the electronic device 901. However, in some instances,
the application programs 933 may be supplied to the user encoded on one or more CD-ROM
(not shown) and read via the portable memory interface 906 of Fig. 9A prior to storage in the
internal storage module 909 or in the portable memory 925. In another alternative, the software
application program 933 may be read by the processor 905 from the network 920, or loaded
into the controller 902 or the portable storage medium 925 from other computer readable
media. Computer readable storage media refers to any non-transitory tangible storage medium
that participates in providing instructions and/or data to the controller 902 for execution and/or
processing. Examples of such storage media include floppy disks, magnetic tape, CD-ROM, a
hard disk drive, a ROM or integrated circuit, USB memory, a magneto-optical disk, flash
memory, or a computer readable card such as a PCMCIA card and the like, whether or not such
devices are internal or external of the device 901. Examples of transitory or non-tangible
computer readable transmission media that may also participate in the provision of software,
application programs, instructions and/or data to the device 901 include radio or infra-red
transmission channels as well as a network connection to another computer or networked
device, and the Internet or Intranets including e-mail transmissions and information recorded on
Websites and the like. A computer readable medium having such software or computer

program recorded on it is a computer program product.

[0062] The second part of the application programs 933 and the corresponding code modules
mentioned above may be executed to implement one or more graphical user interfaces (GUIs)
to be rendered or otherwise represented upon the display 914 of Fig. 9A. Through
manipulation of the user input device 913 (e.g., the keypad), a user of the device 901 and the
application programs 933 may manipulate the interface in a functionally adaptable manner to
provide controlling commands and/or input to the applications associated with the GUI(s).

Other forms of functionally adaptable user interfaces may also be implemented, such as an
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audio interface utilizing speech prompts output via loudspeakers (not illustrated) and user voice

commands input via the microphone (not illustrated).

[0063] Fig. 9B illustrates in detail the embedded controller 902 having the processor 905 for
executing the application programs 933 and the internal storage 909. The internal storage 909
comprises read only memory (ROM) 960 and random access memory (RAM) 970. The
processor 905 is able to execute the application programs 933 stored in one or both of the
connected memories 960 and 970. When the electronic device 901 is initially powered up, a
system program resident in the ROM 960 is executed. The application program 933
permanently stored in the ROM 960 is sometimes referred to as “firmware”. Execution of the
firmware by the processor 905 may fulfil various functions, including processor management,

memory management, device management, storage management and user interface.

[0064] The processor 905 typically includes a number of functional modules including a control
unit (CU) 951, an arithmetic logic unit (ALU) 952, a digital signal processor (DSP) 953 and a
local or internal memory comprising a set of registers 954 which typically contain atomic data
elements 956, 957, along with internal buffer or cache memory 955. One or more internal
buses 959 interconnect these functional modules. The processor 905 typically also has one or
more interfaces 958 for communicating with external devices via system bus 981, using a

connection 961.

[0065] The application program 933 includes a sequence of instructions 962 through 963 that
may include conditional branch and loop instructions. The program 933 may also include data,
which is used in execution of the program 933. This data may be stored as part of the

instruction or in a separate location 964 within the ROM 960 or RAM 970.

[0066] In general, the processor 905 is given a set of instructions, which are executed therein.
This set of instructions may be organised into blocks, which perform specific tasks or handle
specific events that occur in the electronic device 901. Typically, the application program 933
waits for events and subsequently executes the block of code associated with that event. Events
may be triggered in response to input from a user, via the user input devices 913 of Fig. 9A, as
detected by the processor 905. Events may also be triggered in response to other sensors and

interfaces in the electronic device 901.
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[0067] The execution of a set of the instructions may require numeric variables to be read and
modified. Such numeric variables are stored in the RAM 970. The disclosed method uses input
variables 971 that are stored in known locations 972, 973 in the memory 970. The input
variables 971 are processed to produce output variables 977 that are stored in known

locations 978, 979 in the memory 970. Intermediate variables 974 may be stored in additional
memory locations in locations 975, 976 of the memory 970. Alternatively, some intermediate

variables may only exist in the registers 954 of the processor 905.

[0068] The execution of a sequence of instructions is achieved in the processor 905 by repeated
application of a fetch-execute cycle. The control unit 951 of the processor 905 maintains a
register called the program counter, which contains the address in ROM 960 or RAM 970 of the
next instruction to be executed. At the start of the fetch execute cycle, the contents of the
memory address indexed by the program counter is loaded into the control unit 951. The
instruction thus loaded controls the subsequent operation of the processor 905, causing for
example, data to be loaded from ROM memory 960 into processor registers 954, the contents of
a register to be arithmetically combined with the contents of another register, the contents of a
register to be written to the location stored in another register and so on. At the end of the fetch
execute cycle the program counter is updated to point to the next instruction in the system
program code. Depending on the instruction just executed this may involve incrementing the
address contained in the program counter or loading the program counter with a new address in

order to achieve a branch operation.

[0069] Each step or sub-process in the processes of the methods described below is associated
with one or more segments of the application program 933, and is performed by repeated
execution of a fetch-execute cycle in the processor 905 or similar programmatic operation of

other independent processor blocks in the electronic device 901.

[0070] In the arrangements described the controller 180 relates to the touchscreen 914 of the
tablet device 901. The touchscreen 914 provides an interface with which the user may interact
with a displayed representation of the field 110, and watch video footage associated with the
field 110.
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[0071] The present disclosure relates to a method of configuring a virtual camera using a
gesture consisting of component parts or operations, each component part defining an attribute
of the virtual camera view. The gesture comprising the component parts is a single, continuous

gesture.

[0072] Fig. 2 shows a method 200 of configuring a virtual camera 150 using a gesture received
via the interface 914. The method 200 can be implemented as one or more modules of the
software application 933, stored in the memory 909, and controlled over execution of the

processor 905.

[0073] The method 200 starts at a displaying step 210. At step 210, the video processing unit
170 executes to generate a synthesised virtual camera view, represented by the video view 190,
and a synthesised interaction view 191 of the virtual modelled 3d sporting field 110. The
interaction view 191 provides a representation of the scene such as the playing field 110 with
which a user can interact to control the placement of virtual camera 150. The representation can
relate to a map of the playing field 110 or a captured scene of the playing field 110. The step
210 executes to display the views 190 and 191 on the display terminal 914. As shown in Fig. 1,
the views 190 and 191 are typically displayed in different regions of the display 914. In one
arrangement of the disclosure, view 191 is a first display region while view 190 is a second
display region, both the first and second display regions forming part of the display 914.
Alternatively, the first display region and the second display region can be in different display
devices respectively. The different display devices can be connected with the display controller
907. The synthesised interaction view 191 may be a top down view covering the whole field
110, or alternatively could be any other full or partial view of the field 110 including horizontal
perspective views across the field 110, such as views generated by the virtual camera 150. The
display terminal 914 and the controller 180 may be components of one device such as in a
touchscreen display or may be separate devices such as a projected display and a camera sensor
and vision detection system for gesture recognition. An initial location of the initial synthesized
view 190 may be a predetermined default, set by a previous user interaction, or determined

automatically based on action of the field.

[0074] The method 200 continues under execution of the processor 905 from step 210 to a
receiving step 220. At step 220 the controller 180 receives a pointing operation, in the example

described a touch gesture input, from the user on the synthesised interaction view 191. For
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example, the user touches the touchscreen 914 with a finger. Alternatively, the gesture can
relate to a user operating an input device, for example clicking a mouse. The gesture received at
the touchscreen interface 914 representation is an initial operation of the overall continuous
gesture. The method 200 progresses under control of the processor 905 to a first recognising
step 230. At step 230 a first part of a touch gesture is recognised by the video processing unit
905. An example initial touch 310 input is shown in an arrangement 300 in Fig. 3A. The
method 200 operates to associates the recognised touch with a location on the synthesised
interaction view 191of the field 110. The location can be stored on the device 901, for example
in the memory 909. In some arrangements, the step 230 executes to generate and display a
dynamic virtual camera preview on a portion of the touchscreen display 914 upon determining
the location. The virtual camera preview relates to a view from a virtual camera at the location,
in an arbitrary direction or in a default direction. An example of a default direction is towards a

nearest goal post.

[0075] The method 200 continues under control of the processor 905 from step 230 to a second
recognising or identifying step 240. At step 240 the controller 180 receives a second operation
or a further operation of the touch gesture. The second operation or further operation of the
gesture comprises a first swipe input applied to the touchscreen 914, indicated by an arrow 320
in Fig. 3A. The swipe gesture is a continuous motion away from the initial touch (pointing)
input 310’s location. If the gesture relates to operation of an input device, a corresponding
continuous motion, such as a hold and drag operation of a mouse can be identified. The video
processing unit 905 identifies the swipe gesture, and records the identified gesture as first swipe
input or a first motion. The video processing unit 905 also operates to determine an attribute
(e.g. direction or length) of the first swipe input 320. The initial touch (pointing) input 310 and
the first swipe input 320 form a single continuous gesture. The processor 905 operates to store
identification and direction of the first swipe input or the first motion 320, for example in the

memory 909,

[0076] In some arrangements, step 240 operates to generate and display a dynamic preview of
the virtual camera based on the identified first motion (swipe) using the video display 914. The
virtual camera preview differs from the virtual camera preview of step 230 as the virtual camera
preview relates to the location of the first input 310 along a direction of the first swipe input
320. The dynamic preview effectively operates to provide a real time image associated with the

virtual camera in the view 190 as the first motion is received.
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[0077] The method 200 proceeds under execution of the processor 905 from step 240 to a third
recognising step 250. At step 250 the controller 180 receives a third part of the touch gesture
applied to the touchscreen 914 with continuous motion away from the first swipe 320 input at
an angle relative to the first swipe. The continuous motion away from the first motion or first
swipe 320 represents a second motion 330. The second or further operation can be considered
to comprise both the first motion of step 240 and the second motion of step 250. The
application 933 determines the angle (field of view) and an extent of the virtual camera 150
based on the angle. The angle is preferably greater than a predetermined threshold, for example
fifty degrees. The threshold is typically between ten degrees and one hundred and seventy
degrees or between one hundred and ninety degrees and three hundred and fifty degrees to
allow for normal variation (instability) in the first swipe input 320. The third part of the
recognised touch gesture is effectively a second swipe gesture or the second motion. The
second swipe input or gesture, shown as 330 in Fig. 3A determines a field of view of the virtual
camera 150. Accordingly, a reasonable assumption is that the second swipe input 300 should
also fall outside of one hundred and seventy degrees and one hundred and ninety degrees. The
assumption is made as a swipe too close to one hundred and eighty degrees is not sufficient

deviation from the first swipe input 320.

[0078] The video processing unit 905 recognises the second swipe input 330, meeting the
threshold requirements. The initial touch input 310, the first swipe input 320 and the second
swipe input 330 form a single continuous gesture. The computer module 901 is operable to
configure the basic virtual camera 150. To configure the basic virtual camera 150, the video
processing unit 905, in step 250 determines a length of the second swipe input 330 away from
the end of the first swipe input 320. A field of view line 340, shown in Fig. 3A is drawn
between the initial (pointing) touch 310 location and the end of the second swipe 330 relative to
the representation of the playing field 110. The field of view line 340, when mirrored about the
first swipe input 320, defines a horizontal extent of the virtual camera 150’s field of view. A
resultant field of view 370 of the virtual camera 150 is shown in an arrangement 300b in Fig.
3B. In some arrangements, an updated dynamic virtual camera preview is generated in

execution of step 250. The dynamic preview relates to the field of view 370.

[0079] The method 200 continues under execution of the processor 905 from step 250 to a
generating step 260. At step 260 the application 933 executes to generate the basic virtual

camera 150. The orientation of the virtual camera 150 1s based on the identified direction of the
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first motion and the field of view of the virtual camera 150 is based on the identified length of
the second motion. The virtual camera 150 is positioned at the location of the initial touch
input 310, and has an orientation so that the line of sight follows the direction of the first swipe
input 320, and set to have the field of view 370 extend according to the field of view line 340
determined from the length of the second swipe input 330 which determines the angle of the
second swipe input 330 relative to the first swipe input 320. The application 933 executes to
save settings defining the virtual camera view 150, such as location, direction, field of view and
the like. In another implementation, a plurality of predefined virtual cameras can be associated
with the scene (the field 110). The predefined virtual cameras can be configured from the
cameras 120A to 120X, for example by a user of the controller 180 prior to start of the game.
The step 260 operates to select one of the predefined cameras in the implementation. For
example, a predefined camera having direction and/or field of view most similar, or within a

predetermined threshold of direction and/or field of view may be selected.

[0080] Some implementations relate to generating dynamic previews at steps 240 and 260 as
described above. Other implementations relate to generating the image or video data for the

view 190 at step 260 after the virtual camera has been generated or configured.

[0081] As the user inputs the touch gestures 310, 320 and 330, a virtual camera preview 350
(Fig. 3A) can be presented on the video display 914 showing the composition of the virtual
camera view 190. The virtual camera preview 350 is dynamic and ceases display when the user
ends the gesture, or ends contact with the touchscreen of the controller 180. In contrast, the
virtual camera generated at step 260 is saved to memory (such as in the memory 309) and

operated even after the user ends the gesture.

[0082] The application 933 can also use image analysis techniques for object detection on
images captured by the cameras 120A to 120X in the region of the view of the virtual camera
150 at step 260. Objects 380 detected as being in the field of view of the virtual camera 150,
that is captured in the virtual camera view 190, are highlighted, as shown Fig. 3A. Any
detected object, such as an object 390, not included in the virtual camera view 190, is not
highlighted. The visual prompts of highlighting and not highlighting allow the user to modify

the overall gesture during input to improve final composition of the virtual camera 150.
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[0083] If after completing the gesture, one of the highlighted objects 380 moves out of the field
of view 370 extents or limits, the field of view 370 extents can be modified in execution of step
260 to ensure that the highlighted object remains in the virtual camera view 190. For example,
extents for an angle of a field of view 370, shown in Fig. 3B, are modified by the change in
degrees the highlighted object 380 moved by execution of the application 933. The change in
degrees of the highlighted object 1s determined by the application 933 using the same axis as

the angle of field of view. One or both of orientation and field of view can be changed.

[0084] Fig. 4A shows an alternative arrangement 400a for a method of configuring the virtual
camera 150 to generate the virtual camera view 190. In the arrangement of Fig. 4A, the virtual
camera view 190 reflects a viewpoint of an object on the field 110, such as a player or referee.
The virtual camera 150 and resultant view 190 are determined using the three-part gesture
described in relation to Fig. 2. Effectively, the arrangement described in relation to Fig. 4A
provides an ‘object-view’ camera such as a ‘Ref-cam’ (referee camera). The arrangement 400a
shows the interactions required to configure or set up a basic ‘object-view’ virtual camera. An
arrangement 400b in Fig. 4B shows the interactions required to setup an ‘object-view’ virtual

camera having a line of sight that tracks another selected object 470 on the field 110.

[0085] In the example of Fig. 4A, the first part of the touch gesture is recognised by the video
processing unit 905 as an initial touch 410 input on the synthesised interaction view 191 in the
same location as an object 450 on the field 110. The virtual camera 150 created in step 260 is
positioned in a meaningful manner according to the touched object 450. For example, if the
object is a ball, the virtual camera 150 is positioned in the centre of the ball. If the object is a
person, for example a referee, the virtual camera 150 is positioned in the person’s head. A key
attribute of an object-view camera 1s that the virtual camera 150 changes position as the
position of the object changes. For example, the location of the virtual camera 150 is updated
to track movements of the person relative to the field 110. The virtual camera 150 is effectively
tethered to the object and maintains a position or location relative to the object as the object

moves about the field.

[0086] At step 240 the controller 180 receives a second part (i.¢. the first motion of the further
operation) of the continuous touch gesture, input 420. The second gesture 420 has a continuous
motion away from the location of the initial touch input 410. The video processing unit 905

recognises the input 420 as a swipe gesture, and records the gesture 420 as the first swipe inpult.
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The virtual camera 150 created in step 260 and positioned at 410 is oriented to have a line of
sight following the direction of the first swipe input 420. If the touched object 450 1s a person
the line of sight angle of the virtual camera 150 is locked relative to the forward direction of the
person’s head. The direction of the person’s head is typically determined using facial
recognition processing techniques for video data captured by relevant ones of the cameras 120A
to 120X. If the person rotates their head, the application 933 executes at steps 240 to 260 to
identify the rotation using facial recognition techniques on the video streams and rotates the
virtual camera 150 by the same amount and in the same direction. The virtual camera 150

accordingly tracks and simulates the viewpoint of the person.

[0087] At step 250 the controller 180 receives a third part 430 of the touch gesture with
continuous motion away from the first swipe 420 input at an angle greater than the
predetermined threshold. The video processing unit 905 recognises the third part 430 as the
second swipe input (i.e. the second motion of the further operation). The video processing unit
905 determines the length of the second swipe input 430 away from the end of the first swipe
input 420. A field of view line 440 is drawn between the initial touch location 410 and the end
of the second swipe 430. The field of view line 430, is mirrored about the first swipe input 420
to define the horizontal extents of the field of view of the virtual camera 150 created in

execution of step 260.

[0088] As shown in the arrangement 400b of Fig. 4B, the first swipe gesture 420 can extend
toward and end on a second object 470. Presence of the object is detected as described above.
The line of sight of the virtual camera 150 is not locked relative to the touched object 450 head.
Rather, if the first swipe gesture ends on a second object in this event, the line of sight of the
virtual camera 150 tracks the position of the second object 470 so that the object 470 is kept
near the centre of the virtual camera view 190. If the location of the first touch gesture was not
at an object, but the first swipe gesture ends on an object, the virtual camera 150 is still

typically configured to track the object at the end of the first swipe gesture 420.

[0089] Figs. SA and 5B show another implementation of a method of configuring the virtual
camera 150 at various heights above the field 110 using a three part gesture. In the
arrangements described above, the virtual camera 150 is created at a default height, for example
1.5m. The default height may be set by the user and is typically determined through

experimentation. The height is preferably a reasonable default which allows the virtual camera
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view 190 to be near head height for players on the field 110, for example an average height of

players based upon age range and/or gender.

[0090] Fig. 5A shows an arrangement 500a describing interactions required to set the virtual
camera height using a touch screen of the electronic device 901. An arrangement 500b shown
in Fig. 5B shows the interactions required to set the virtual camera height where the electronic
device 901 1s configured to sense proximity or hover gestures, for example using an infrared

camcra SCnsor.

[0091] In the arrangement where the controller 180 relates to a touchscreen, as shown in Fig.
SA, the controller 180 receives an initial touch 570 mput on the synthesised interaction view
191 at step 230. Height of the virtual camera 150 is determined based on a duration of the initial
touch. The height is determined if the duration of the initial touch is longer than a threshold, for
example 500ms. The threshold is typically predetermined through experimentation for a
particular sport and/or arena. The prolonged hold over the threshold infers intent by the user. If
a relatively short threshold were used, the user could inadvertently trigger the height
adjustment. The duration of the initial touch 570 input beyond the 500ms threshold, determines
the height of the virtual camera 150 off the ground of the field 110. As the user prolongs the
initial touch input 570 the camera height setting is increased, and is shown on a height indicator
510a on the video display 914. The height can be increased up to a limit, for example 20
metres. The height limit is determined by position of the ring of cameras 120A to 120X. After
the height limit has been reached, further continuous application of the prolonged touch causes
the height of the virtual camera 150 to decrease. The height indicator 510a may be a graphic or

may be text.

[0092] In another implementation, the touchscreen 914 1s a touchscreen configured to measure
pressure applied to the touchscreen. In such arrangements, the height of the virtual camera 150
is determined using pressure applied to the touchscreen during the initial touch. At step 220, an
initial touch over a pressure threshold is identified, and a greatest pressure applied prior to the
second gesture (first swipe or first motion) is used to determine height of the virtual camera
150. The user applies the initial touch by touching and applying pressure to the touchscreen
914. The pressure threshold and a pressure scale used to vary height are typically determined
according to manufacturer specifications of the touchscreen. As the user increases the pressure,

the height setting of the virtual camera 150 1s increased, and is shown on the height indicator
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510a. After the height limit has been reached, further continuous application of pressure causes

the height of the virtual camera 150 to be decreased.

[0093] If the devices 901 includes a hover gesture sensor, near air gestures can be used to
define height of the virtual camera 150, and to identify the second and third components of the
gesture. In Fig. 5B a hover detection zone 550 is present above a hover gesture enabled device
540b (the controller 180). As a user’s finger 520 enters the hover detection zone 550, the
presence of the hover gesture of the finger 520 is recognised in execution of step 230 as the
initial touch input. The height of the virtual camera 150 is determined based on a height of the
hover gesture. An initial touch input icon 560 1s displayed, and a height indicator 510b is
displayed on the display screen 914with the virtual camera height set to the default value. The
user can continue to move the finger 520 through a bottom threshold 530 to trigger the module
901 to set a new virtual camera height. The user’s finger 520 can subsequently move back up
through the threshold layers 530 and 550. To set the height of the virtual camera 150, the
change in height is shown on the height indicator 510b. The interactions described in relation
to Fig. 5B indicate how vertical hover gestures can be used to set camera height. Alternatively,
the user could hold the finger 520 in the hover detection zone 550 for a duration longer than the
500ms threshold, and the application 900 recognises and registers the finger position as a
prolonged touch input. The prolonged touch input causes the height indicator 510b and the

initial touch input icon 560 to be shown and the height of the virtual camera 150 to be set.

[0094] When the users finger 520 moves in a horizontal direction in a continuous motion away
from the initial touch input location (e.g., 570) the application 933 recognises the finger motion
as the second part of the touch gesture input, the first swipe input, for example an input 575.
The first swipe 575 and a second swipe 580 inputs can occur as touch gestures or as hover
gestures or dragging by a mouse. An extent of limits of the virtual camera 150 is determined in
a similar manner to Fig. 3A. Accordingly, the second and third motions identified at steps 240
and 250 can relate to hover swipe gestures if the first, second and third gestures form a single

continuous gesture.

[0095] Fig. 6 shows an alternative arrangement 600 of configuring the virtual camera 150. The
method used in the arrangement 600 sets a focal distance and depth of field of the virtual
cameral 50 using the three part gesture. The focal distance relates to a distance from the virtual

camera 150 at which objects are in focus. The depth of field relates to extents either side of the
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focal distance in which objects are in focus. Outside of the depth of field objects are out of

focus, and become increasingly out of focus the further the objects are from the focal distance.

[0096] At step 220 of the method 200, the controller 180 receives a touch gesture input on the
synthesised interaction view 191. At step 230 a first part of the touch gesture is recognised by
the video processing unit 905 as an initial touch input 610. The video processing unit 905
associates the initial touch input 610 with a location on the synthesised interaction view 191,

The virtual camera 150 is positioned at the location of the initial touch input 610.

[0097] At step 230 of the method 200 the controller 180 receives a second part of the touch
gesture input, being a continuous motion away from the location of the initial touch input 601.
The video processing unit 905 recognises the second touch gesture as a swipe gesture, and
records the gesture as first swipe input 620. The virtual camera 150 is created in step 260 using
the position at 610 and oriented so that a line of sight of the virtual camera 150 follows the
direction of the first swipe input 620. In the arrangement of Fig. 6, when the first swipe gesture
620 extends toward and ends on a second object 670, the application 933 sets the focal distance
(focus) of the virtual camera 150 at the location of the second object 670. The focal distance in
some arrangements is adjusted to track the second object 670 as the object 670 moves around
the field 110. In other arrangements, the determined focal distance of the virtual camera 150 is a

static focal distance, regardless of subsequent motion of the object 670.

[0098] In the arrangement relating to Fig. 6, at step 250 the controller 180 receives a third part
of the touch gesture input with continuous motion away from the end of the first swipe input
620. The continuous touch input is recognised to be tracing back along the trajectory of the first
swipe input 620, or at a threshold angle of less than 10 degrees for example. The video
processing unit 905 recognises the continuous touch input as a second swipe input 630 for
setting depth of field and displays depth of field guides 680. The depth of field guides 680
extend past the initial touch input 630°s location. The second swipe input 630 can also extend
past the initial touch input 610°s location. The second swipe input 630 can be made to snap to
individual ones of the guides 680 that are closest. In step 250 the video processing unit 905
determines the length of the second swipe input 630. The determined length is used to
determine the depth of field of the virtual camera 150. Effectively, if the second swipe gesture
traces back along a trajectory of the first swipe gesture, the virtual camera 150 1s configured to

have a depth of field based on the length of the second swipe input.
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[0099] Objects 660, 640 and 650 are at various distances from the focal distance located at the
second object 670. Accordingly, the objects 660, 640 and 650 are all slightly out of focus in the
view generated for the virtual camera 150. The further the objects 660, 640 and 650 are from
the second object 670 and focal distance, the more out of focus (blurred) the objects 660, 640

and 650 are in the view generated for the virtual camera 150.

[00100] Figs. 7A and 7B show arrangements for re-configuring or editing the existing virtual
camera 150. An arrangement 700a in Fig. 7A shows the interactions required to re-configure
the virtual camera position, line of sight, or field of view where the user interacts with a touch
screen of the controller 180. An arrangement 700b in Fig. 7B shows the interactions required to

re-configure the virtual camera height using the touch screen.

[00101] As shown in Fig. 7A, at step 220 of the method 200 the controller 180 receives a touch
gesture input on the synthesised interaction view 191 in the same location as the existing virtual
camera 150. The method 220 executes to display guides 710, 720 and 730 representing the
original gesture inputs used to configure the virtual camera 150. The user can re-trace the three
part gesture modifying any of the gesture parts to re-configure the virtual camera 150.
Alternatively the user can touch on end points 760 or 761 of either the first swipe guide or first
motion 720 or second swipe guide or second motion 730 respectively to change characteristics
of the virtual camera 150. In some arrangements, the endpoints 760 and 761 are highlighted in
the synthesised interaction view 131 so that the user can recognise, choose and modify an
endpoint with ease. For example the user can touch on the end point 760 at the end of the first
swipe guide 720 and implement a drag or swipe gesture to change the angle of the first swipe
input. The drag or swipe gesture changes the line of sight of the virtual camera 150. Moving
the endpoint 760 of the second swipe guide 730 changes the original field of view 740 of the
virtual camera 150. Moving the initial touch guide 710 moves the position of the virtual

camera 150. Any variations are represented in the virtual camera preview 795a.

[00102] As shown in Fig. 7B, the synthesised interaction view 191 represents a side view of the
field 110. When the controller 180 receives a touch gesture input on the synthesised interaction
view 191 in the same location as the existing virtual camera 150, guides 780, 790 and 791, also
referred to as interaction planes, representing the original gesture inputs are displayed by
execution of the application 933. When the synthesised interaction view 191 is a horizontal or

perspective view across the field 110, as shown in Fig. 7B, display of the guides 780, 790 and
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791 changes. When the user moves the initial touch guide 780 up or down, the height of the
virtual camera 150 is changed as the application 933 interprets an interaction plane
perpendicular to the current synthesised interaction view 191. The interaction planes for the
other guides 790, 791 and endpoints 792 have not changed. The interaction planes for the other
guides 790, 791 and endpoints 792move parallel to the ground plane 770 as in Fig. 7A. An
updated virtual camera view 795b is shown. Effectively, the controller 180 receives a gesture
updating one of the first swipe and the second swipe gestures and the application 933 operates

to re-configure the virtual camera 150 accordingly.

[00103] Figs. 8A and 8B show a set of views 800a and 800b showing operation a method of
configuring the virtual camera 150 so that the virtual camera 150 is tethered to an object, such
as a player on the field 110, with an orbiting or otherwise constrained motion path. In the
example of Fig. 8, the virtual camera 150 will move with an object as the object changes

location, but the distance of the virtual camera 150 from the object is constrained.

[00104] In Fig. 8A, the first part of the touch gesture is recognised by the video processing unit
905 as an initial touch input (initial or pointing operation) 810 on the synthesised interaction
view 191. The initial touch input 810 is in the same location as an object 860, in this case a

player.

[00105] At step 240 the controller 180 receives a second part of the touch gesture input having
a continuous motion away from the location of the initial touch input 810. The video
processing unit 905 recognises the second part of the touch gesture as a swipe gesture, and
records the second part of the touch gesture as a first swipe input (first motion of the further

operation) 820.

[00106] At step 250 the controller 180 receives a third part of the touch gesture (second motion
of the further operation) with continuous motion away from the end of the first swipe input 820
at an angle which is between two thresholds. For example, the threshold may relate to an angle
between ten and forty five degrees from the first swipe input 820. A maximum threshold of
forty five degrees approximates an extreme wide angle lens. The minimum threshold of ten

degrees approximates an extreme telephoto lens.
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[00107] As the initial touch input 810 is at a location of an object, and the second swipe motion
is at an angle relative to the first swipe between two predetermined thresholds, the virtual
camera is generated to orbit the object. The application 933 recognises that the three part
gesture defines a tethered virtual camera and configures a tethered virtual camera 870 to be
placed at the end of the first swipe input 820 with a line of sight centred on the object 860
selected with the initial touch input 810. The length of the first swipe gesture or the first
motion 820 is used to determine a radius of an orbital path 880, as shown in Fig. 8B. The orbital
path 880 constrains movement of the tethered virtual camera 870 around the object 860. The
tethered virtual camera 870 can move automatically or by manual navigation, around the object
860. The tethered virtual camera can be moved toward and away from the object 860 but has a
normal position on the orbital path 880. When the object 880 moves around the field 110 the

tethered virtual camera 870 moves in the same direction and by the same amount.

[00108] The arrangements described are applicable to the computer and data processing
industries and particularly for the video broadcast industries. The arrangements described are

particularly suited to live broadcast applications such as sports or security.

[00109] In using the three-component continuous gesture, the arrangements described provide
an advantage of allowing a user to generate a virtual camera in near real-time as action
progresses. The user can configure the virtual camera with ease using a single hand only, and
control at least 3 parameters of the virtual camera — location, direction and field of view.
Further, the arrangements described can be implemented without comprising a specialty
controller. In contrast, a device such as a tablet can be used to configure the virtual camera on

the fly.

[00110] In one example application, a producer is watching live footage of a soccer game and
predicts the ball will be passed to a particular player. The producer can configure a virtual

camera having a field of view including the player using the three-component gesture.

[00111] The foregoing describes only some embodiments of the present invention, and
modifications and/or changes can be made thereto without departing from the scope and spirit

of the invention, the embodiments being illustrative and not restrictive.
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[00112] In the context of this specification, the word “comprising” means “including
principally but not necessarily solely” or “having” or “including”, and not “consisting only of”.
Variations of the word "comprising”, such as “comprise” and “comprises” have

correspondingly varied meanings.
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CLAIMS

1. A computer-implemented method of configuring a virtual camera, the method

comprising;:

receiving, at an interface of an electronic device, a pointing operation identifying a

location in a representation of a scene displayed in a first display region;

receiving, at the interface, a further operation in the first display region, the further
operation comprising a continuous motion away from the location of the pointing operation;

and

configuring the virtual camera based on the location of the pointing operation and at
least a direction of the further operation, wherein an image corresponding to the configured
virtual camera is displayed in a second display region, the second display region being

different from the first display region.

2. The method according to claim 1, wherein the location identifying operation comprises

selecting, in the first display region, a location where the virtual camera is to be positioned.

3. The method according to claim 1, wherein the interface is a touchscreen, the pointing

operation is a touch gesture and the further operation is a swipe operation.

4. The method according to claim 1, wherein the interface is a mouse, the pointing

operation is a click and the further operation is a drag operation.

5. The method according to claim 1, wherein an orientation of the virtual camera is

configured based on the direction of the continuous motion.

6. The method according to claim 5, wherein:

the continuous motion away from the location of the pointing operation is a first motion,

the further operation additionally comprises a second motion being a continuous motion

from the first motion; and
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a field of view of the virtual camera is configured based on a length of the second motion.

7. The method according to claim 1, wherein the scene is associated with a plurality of
predefined virtual cameras and configuring the virtual camera comprises selecting one of the

plurality of predefined virtual cameras.

8. The method according to claim 1, wherein the virtual camera configuration determines

an initial location, an initial orientation and an initial ficld of view of the virtual camera.

9. The method according to claim 1, wherein the virtual camera is configured and the

image is displayed in the second display region in real time as the further operation is received.

10. The method according to claim 6, wherein the field of view of the virtual camera is
determined based on an angle of the second motion relative to the first motion, the angle being

within a predetermined threshold.

11. The method according to claim 3, further comprising determining a height of the virtual
camera based on at least one of a duration of the touch gesture or a pressure applied to the

touchscreen during the touch gesture.

12. The method according to claim 1, wherein the pointing operation comprises selecting a
location of an object in the scene and the virtual camera is configured to display a viewpoint of

the object.

13. The method according to claim 6, wherein the virtual camera is configured to track an

object when the first motion ends on the object.

14. The method according to claim 1, wherein the representation of the scene displayed in
the first display region represents a map of a playing field where the virtual camera is

configured.

15. The method according to claim 6, wherein, if the second motion traces back along a
trajectory of the first motion, the virtual camera is configured to have a depth of field based on

a determined length of the second motion.
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16. The method according to claim 6, further comprising detecting, at the interface, a further
selection at the location in the scene, displaying an indication of the selection, the first motion
and the second motion; and receiving a selection updating one of the first motion and the

second motion to re-configure the virtual camera.

17. The method according to claim 6, wherein if the pointing operation is at a location of an
object in the scene, and the second motion 1s at an angle relative to the first motion between two

predetermined thresholds, the virtual camera is configured to orbit the object.

18. The method according to claim 17, wherein a length of the first motion is used to

determine a radius of an orbital path of the virtual camera relative to the object.

19. The method according to claim 1, wherein the first display region and the second

display region are different parts of the electronic device.

20. The method according to claim 1, wherein the first display region and the second
display region are in different display devices respectively, the different display devices being

connected with the electronic device.

21. A non-transitory computer-readable medium having a computer program stored thereon

for configuring a virtual camera, the program comprising:

code for receiving, at an interface of an electronic device, a pointing operation identifying a

location in a representation of a scene displayed in a first display region;

code for receiving, at the interface, a further operation in the first display region, the further
operation comprising a continuous motion away from the location of the pointing operation;

and

code for configuring a virtual camera based on the location of the pointing operation and at
least a direction of the further operation, and displaying an image corresponding to the
configured virtual camera in a second display region, the second display region being different

from the first display region.
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22. A system, comprising:
an interface;

a display;

a memory; and

a processor, wherein the processor is configured to execute code stored on the memory for

implementing a method of configuring a virtual camera, the method comprising:

receiving, at the interface, a pointing operation identifying a location in a representation of a

scene displayed in a first display region;
receiving, at the interface, a further operation in the first display region, the further
operation comprising a continuous motion away from the location of the pointing operation;

and

configuring the virtual camera based on the location of the pointing operation and at least a
direction of the further operation; wherein an image corresponding to the configured virtual

camera is displayed in a second display region, the second display region being different from

the first display region.

23. A tablet device adapted to configure a virtual camera, comprising:
a touchscreen;

a memory;

a processor configured to execute code stored on the memory to:

display a video representation of a scene in a first region of the touchscreen;
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receive, at the touchscreen, a pointing operation identifying a location in the scene in the

first region;

receive, at the touchscreen, a further operation in the first region, the further operation

comprising a continuous motion away from the location;

configure the virtual camera based on the location of the pointing operation and at least a

direction of the further operation; and

display an image corresponding to the configured virtual camera in a second region of the

touchscreen, the second region being different from the first region.



PCT/AU2018/000084

WO 2018/227230

-1/10-

nun
Buisseooid

O3PIA

Ja|jouo)

HOCl
90cl

4021

3021

™~ A

oLl

dozi D0z 9021



WO 2018/227230

-2/10-

Display image of a
sporting field

Receive touch gesture on
image of the sporting field

Identify first part of the
touch gesture as an initial
touch input

Identify second part of the
touch gesture as a first
swipe input

AN

Identify third part of the touch
gesture as a second swipe input

RV

Generate virtual camera

Fig. 2

PCT/AU2018/000084

\m
o
o

\I\)
o)}
o



WO 2018/227230 PCT/AU2018/000084

-3/10-

380 380 390

140~ &%~ i
o o
140 -
140~ @ o
~
140 /\'f,e
140



WO 2018/227230 PCT/AU2018/000084

-4/10-

400a

®




WO 2018/227230 PCT/AU2018/000084

-5/10-




WO 2018/227230

PCT/AU2018/000084

-6/10-

600

650

!ﬁﬁ
-?-
640 .
s = 1‘
t ! lE:: *
..‘_‘J' -

! 610

630 2 ;



WO 2018/227230 PCT/AU2018/000084

-7/10-

700a




WO 2018/227230 PCT/AU2018/000084

-8/10-

z 800b

----



WO 2018/227230

-9/10-

NN

PCT/AU2018/000084

- o ~ Cameras 120A-
Communications/ ( P 4 120X
Computer > &
< Network 920 S
“ 921
\\/
\I
I
|
v 901
/ 914 Communications
Interface(s)908
Video Special Function
Display 910
933
R T .
| |
Display I Processor I Internal :
Controller [<—» 905 Storage I
907 | 909
| |
P N |
Portable Memory
User Input
Device(s) 913 Interface 906

-

\

Medium
925

Portable Storage

Fig. 9A



PCT/AU2018/000084

WO 2018/227230

-10/10-

S 196
— 3G6 aorLO|
9/6 G/6 i
(o6 | (55 ] dans —
16 d)eipawisiul GGé6 H
¥96 ayoed
77 176
SM\%O indu NASUIINL €96
QR : €eo6
8.6 5=
cL6 Zsul
6.6 c/6 _\-ch_\J/
— — 296
0/6 NVYH 096 NON
=06
206



INTERNATIONAL SEARCH REPORT International application No.
PCT/AU2018/000084

A. CLASSIFICATION OF SUBJECT MATTER

GO6T 7/20(2017.01) GO6T 15/20(2011.01) GO6T 19/00(2011.01) HO4N 13/117(2018.01) HOAN 13/282 (2018.01)
HO4N 5/445(2011.01) HO4N 5/262 (2006.01)

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols})

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPOQUE PATENW {IPC/CPC: GO6T19/00, GO6T7/20, GO6T15/20, HOANS5/445, HO4N5/262, HOAN13/117, HOAN13/282) & keyword: camera,
capture, scan, view, image, sensor, perspective, angle, direction, vector, length, distance, travel, pose, orientation, rotate, turn, point, arrow,
position, locate, mouse, cursor, control, select, touch, finger, contact, gesture, continue, motion, gesture, swipe, smudge, drag, hover, slide,
sweep, virtual, simulate, artificial, first, second, two, both, different, dual, display, monitor, show, render, scene, background, field and similar
terms; The Lens, Google Patents, Google Scholar & keywords: virtual camera, viewpoint, point, arrow, position, location, mouse, cursor, control,
select, touch, finger, contact, gesture, continue, motion, swipe, smudge, drag, hover, slide, sweep and similar terms; Espacenet & keywords:
virtual camera, position, location, move, control, touch, gesture, swipe, drag and similar terms;

Applicant(s)/Inventor(s) name searched in internal databases provided by IP Australia and external databases: AusPat, Google with keywords:
"Canon Kabushiki Kaisha", "Canon Information Systems Research Australiz”, "Yee, Belinda Margaret” and similar terms in any combinations

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to
claim No.

Documents are listed in the continuation of Box C

Further documents are listed in the continuation of Box C See patent family annex
* Special categories of cited documents;
"A"  document defining the general state of the art which isnot ~ "T"  later document published after the international filing date or priority date and not in
considered to be of particular relevance conflict with the application but cited to understand the principle or theory
underlying the invention
"E"  earlier application or patent but published on or after the "X"  document of particular relevance; the claimed invention cannot be considered novel
international filing date or cannot be considered to involve an inventive step when the document is taken
alone
"L"  document which may throw doubts on priority claim(s) or  "Y"  document of particular relevance; the claimed invention cannot be considered to
which 1s cited to establish the publication date of another involve an inventive step when the document is combined with one or more other
citation or other special reason (as specified) such documents, such combination being obvious to a person skilled in the art
"Q"  document referring to an oral disclosure, use, exhibition von .
or other means & document member of the same patent family
"pr document published prior to the international filing date
but later than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
16 August 2018 16 August 2018
Name and mailing address of the ISA/AU Authorised officer
AUSTRALIAN PATENT OFFICE Benjamin Lam
PO BOX 200, WODEN ACT 2606, AUSTRALIA AUSTRALIAN PATENT OFFICE
Email address: pct@ipaustralia.gov.au {ISO 9001 Quality Certified Service)
Telephone No. +61 2 6225 6121

Form PCT/ISA/210 (fifth sheet) (January 2015)




C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

INTERNATIONAL SEARCH REPORT

International application No.

PCT/AU2018/000084

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

US 2004/0051709 A1 (OGAWA etal.) 18 March 2014

Entire document (see particularly figures 1-8; Abstract; paragraphs 0007-0033, 0042,
0044, 0046, 0047, 0049, 0051, 0052, 0055-0060, 0065, 0067, 0069-0071, 0079, 0081,
0085-0087)

1-23

US 2007/0109296 A1 (SAKAGAWA et al.) 17 May 2007
Entire document (see particularly Abstract)

US 2010/0045666 A1 (KORNMANN et al.) 25 February 2010
Entire document (see particularly Abstract)

US 2008/0070684 A1 (HAIGH-HUTCHINSON) 20 March 2008
Entire document (see particularly Abstract)

US 2010/0302239 Al (TOKITA et al.) 02 December 2010
Entire document (see particularly Abstract)

US 9324179 B2 (LUCASFILM ENTERTAINMENT COMPANY, LTD.) 26 April
2016
Entire document (see particularly Abstract)

Form PCT/ISA/210 (fifth sheet) (January 2015)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/AU2018/000084

This Annex lists known patent family members relating to the patent documents cited in the above-mentioned international search
report. The Australian Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

Patent Document/s Cited in Search Report

Patent Family Member/s

Publication Number Publication Date Publication Number Publication Date
US 2004/0051709 Al 18 March 2014 US 2004051709 A1l 18 Mar 2004
US 7477243 B2 13 Jan 2009
EP 1369822 A2 10 Dec 2003
EP 1369822 B1 22 Oct 2008
JP 2004005272 A 08 Jan 2004
US 2007/0109296 Al 17 May 2007 US 2007109296 Al 17 May 2007
US 7492362 B2 17 Feb 2009
JP 2004054590 A 19 Feb 2004
JP 4115188 B2 09 Jul 2008
US 2010/0045666 Al 25 February 2010 US 2010045666 A1 25 Feb 2010
AU 2009282724 Al 25 Feb 2010
AU 2009282724 B2 04 Dec 2014
CA 2734987 Al 25 Feb 2010
CN 102187309 A 14 Sep 2011
CN 103324386 A 25 Sep 2013
EP 2327010 A2 01 Jun 2011
JP 2012501016 A 12 Jan 2012
KR 20110049873 A 12 May 2011
KR 101665034 B! 24 Oct 2016
US 2010045667 Al 25 Feb 2010
US 8847992 B2 30 Sep 2014
US 2010053219 Al 04 Mar 2010
US 9310992 B2 12 Apr 2016
US 2010045703 Al 25 Feb 2010
US 2016224204 Al 04 Aug 2016
WO 2010022386 A2 25 Feb 2010
US 2008/0070684 Al 20 March 2008 US 2008070684 Al 20 Mar 2008
US 8277316 B2 02 Oct 2012
JP 2008068060 A 27 Mar 2008
JP 5669336 B2 12 Feb 2015
US 2012329558 Al 27 Dec 2012
US 9339724 B2 17 May 2016
US 2016250554 Al 01 Sep 2016
US 9789391 B2 17 Oct 2017

Due to data integration issues this family listing may not include 10 digit Australian applications filed since May 2001.

Form PCT/ISA/210 (Family Annex)(January 2015)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/AU2018/000084

This Annex lists known patent family members relating to the patent documents cited in the above-mentioned international search
report. The Australian Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

Patent Document/s Cited in Search Report

Patent Family Member/s

Publication Number Publication Date Publication Number Publication Date

US 2010/0302239 Al 02 December 2010 US 2010302239 A1 02 Dec 2010
US 8194073 B2 05 Jun 2012
EP 2218485 Al 18 Aug 2010
JP 2009131436 A 18 Jun 2009
JP 4662495 B2 30 Mar 2011
WO 2009069278 Al 04 Jun 2009

US 9324179 B2 26 April 2016 US 2015130801 Al 14 May 2015
US 9324179 B2 26 Apr 2016
US 8964052 B1 24 Feb 2015
US 9626786 B1 18 Apr 2017
US 2016227132 Al 04 Aug 2016
US 9781354 B2 03 Oct 2017
US 2017195527 Al 06 Jul 2017

End of Annex

Due to data integration issues this family listing may not include 10 digit Australian applications filed since May 2001.

Form PCT/ISA/210 (Family Annex)(January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - wo-search-report
	Page 47 - wo-search-report
	Page 48 - wo-search-report
	Page 49 - wo-search-report

