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NETWORKING IN MOBILE AUGMENTED REALITY ENVIRONMENTS

TECHNICAL FIELD

[0001] The subject matter described generally relates to networked augmented reality

(AR) environments, and in particular, to using a custom state machine to exchange session

states between a game engine and one or more participating client devices and providing

singular control of the client devices by a host device.

BACKGROUND

[0002] Many electronic games allow for multiple gameplay where players can play

together or compete with each other within a session of the game. Some electronic games

allow multiplayer gameplay to involve multiple devices, each running a copy of the game.

Finite state machines may be used to organize and represent an execution flow of events and

transitions occurring during gameplay. While current state machines pass session states

between similar software programs, they do not allow for sophisticated communication

between programs using different languages and varied frameworks by which they process

session states and user data. Nor do these state machines facilitate data sharing between a 3D

rendering engine and the client devices being used by game participants.

[0003] Further, while network sessions often involve multiple users, each with his or

her own client device, current implementations do not synchronize video recording among

the devices in a given session or allow for singular control of multiple devices by a session

host.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Figure (FIG.) l is a block diagram illustrating a networked gaming system,

according to one embodiment.

[0005] FIG. 2 is a block diagram illustrating the game system of FIG. 1, according to

one embodiment.

[0006] FIG. 3 is an example state machine for rendering a composite video associated

with a game session, according to one embodiment.

[0007] FIG. 4 a flow chart illustrating a method for managing a networked game

session, according to one embodiment.

[0008] FIG. 5 is an augmented reality image illustrating initialization of a networked

game session, according to one embodiment.



[0009] FIG. 6 illustrates an augmented reality image illustrating a state of a networked

game session, according to one embodiment.

[0010] FIG. 7 is a block diagram illustrating an example of a computer suitable for use

in the networked gaming system of FIG. 1, according to one embodiment.

DETAILED DESCRIPTION

[0011] The Figures (FIGS.) and the following description describe certain embodiments

by way of illustration only. One skilled in the art will readily recognize from the following

description that alternative embodiments of the structures and methods may be employed

without departing from the principles described. Reference will now be made to several

embodiments, examples of which are illustrated in the accompanying figures. It is noted that

wherever practicable similar or like reference numbers are used in the figures to indicate

similar or like functionality.

OVERVIEW AND EXAMPLE BENEFITS

[0012] An example networked gaming environment may include one or more client

devices and a game system connected by a network. Each client device may include at least

one game application running an instance of a game on the client device. The game system

and the game applications on the client devices form a game mediation infrastructure to

mediate game sessions. For example, the game applications receive interactions at the client

devices and communicate with the game system to impact initiation and execution of the

game sessions. In one embodiment, the game system executes a custom state machine that

passes states of the game session between the game system and the participating client

devices.

[0013] In one embodiment, a first client device launches the game application and

selects a game. The game system instructs a 3D rendering engine on the first client device to

render a display associated with the selected game. The 3D rendering engine may be a

component of a game application running on the client device. In one embodiment, the

rendering display includes a real-time or near-real-time video feed captured by a camera on

the first client device and one or more augmented reality (AR) elements associated with the

game.

[0014] The game system provides for display on the first client device an invitation

overlay allowing a user of the first client device to invite one or more additional users to join

the game session. Responsive to the user providing input declining to invite additional users,

the game system launches and begins executing a single-player game session. Responsive to



the user providing input to invite one or more additional users to the game session, the game

system sends a deep link including a session identifier to the one or more invented client

devices. Deep links link to a resource such as a game, and additionally specify a more

specific context within the resource, such as a particular stage or state of the game.

Responsive to the one or more invited client devices joining the game session, the game

system launches and begins executing the multi-player game session.

[0015] In one embodiment, the infrastructure is used to send the session states of the

networked game session and the status of AR objects from the game system to between the

participating client devices. The game system acts as a mediator for communicating between

a host client device and one or more invited client devices in these sessions, allowing the

users to see feedback on the displayed AR objects in real-time or near-real -time.

[0016] The state machine can inform the client devices whether the game session is in

progress or disconnected. In one embodiment, the game system identifies a client device of a

user that initiated the game session (i.e., the host client device). Using this information, the

game system can provide control to the session host for recording a video such that the

participating client devices (i.e., the host device and one or more invited client devices)

automatically begin recording a front-facing video feed responsive to the host providing input

to initiate the game session and stop recording the video feed responsive to the host providing

input to terminate the game session.

[0017] The game system generates a composite video of the game session for each

participating client device by editing the game session video captured by each client device to

show highlights of the game session for the corresponding client device (e.g., instances of the

user scoring, preventing another using from scoring, and the like). The game system further

instructs a rear-facing camera on each participating client device to record a video for a

specified period of time (e.g., 2 seconds) after the forward-facing camera has stopped

recording the game session (i.e., after the game session has ended) and stiches the forward

and rear-facing videos together to create a composite video for the user and the game session.

In this way, the user is able to view highlights from his or her performance during the game

session as well as the user’s reaction immediately after the game has ended and share the

composite video on the game system and/or on a third-party system.

EXAMPLE NETWORKED GAMING SYSTEM

[0018] Turning now to Figure (FIG.) 1, it illustrates a high-level block diagram of a

networked gaming system 100, according to one example embodiment. FIG. 1 illustrates two



client devices 110A and 110B (generally 110) and a game system 130 connected by a

network 120. Only two client devices 110 are shown in FIG. 1 in order to simplify and

clarify the description. Embodiments of the networked gaming system 100 can have many

clients 110 connected to the network 120 and the game system 130. Likewise, the functions

performed by the various entities of FIG. 1 may be distributed among the elements in a

different manner than described.

[0019] FIG. 1 uses like reference numerals to identify like elements. A letter after a

reference numeral, such as “ 110A,” indicates that the text refers specifically to the element

having that particular reference numeral. A reference numeral in the text without a following

letter, such as “ 110,” refers to any or all of the elements in the figures bearing that reference

numeral. For example, “ 110” in the text refers to reference numerals “ 110A” and/or “ 110B”

in the figures.

[0020] A client device 110 is an electronic device used by a user to perform functions

such as communication with other clients, executing software applications for various

purposes, and consuming electronic content such as content hosted by web servers on the

network 120. For example, the client may be a smart phone, or a tablet or notebook

computer. The client 110 includes a display on which the user may view content such as

electronic games and a camera with which forward-facing and rear-facing images and videos

may be captured. In addition, the client 110 includes a user interface (UI), such as physical

and/or on-screen buttons, which the user may interact with to perform various functions with

the client.

[0021] The client device 110 includes at least one game application 102 that mediates

multiplayer gameplay. Depending upon the embodiment, the game application 102 may be

integrated into the operating system, or implemented as a separate application or other

software executing on the client device 110. In some embodiments, the game application 102

is distributed among a plurality of locations, for example, in part on the client device 110 as

an independent software item, and in part on the game system 130. The game application

102 may include a user interface that displays a list of games available to be played by the

user of the client 110A and one or more other users associated with one or more other client

devices 110.

[0022] The game infrastructure used to enable game sessions includes at least the game

application 102, the game system 130, and, in some embodiments, at least one other game

application 102 on at least one other client device 110. Depending upon the embodiment, the



game infrastructure controls various aspects of a game session, for example, launching a

game session and providing composite images for display on the client devices 110. In one

embodiment, a game session may be launched via a UI of the game application 102, using a

“deep link” (a link, such as Uniform Resource Locator (URL), to a resource such as a game,

and that additionally specifies a more specific context within the resource, such as a

particular stage or state of the game). In an embodiment, the game application 102A runs on

a first client device 110A and interacts with a second client device 110B, such as with a game

application 102B, to enable the client device 11OB to participate in the game session

launched by the client device 110A . In other embodiments, more than one client device 110

may be interacted with by the client device 110A to enable participation in the game session

launched by the client device 110, e.g., up to as many as the game being played supports.

[0023] The network 120 enables communications among the client devices 110 and the

game system 130. The network 120 allow for use of wired and/or wireless communications

technology. The network 120 may comprise the Internet and/or mobile telephone networks

(e.g., LTE, 4G, 5G, etc.). In one example embodiment, the network 120 uses standard

communications technologies and/or protocols. The data exchanged over the network 120 can

be represented using technologies and/or formats including the hypertext markup language

(HTML), the extensible markup language (XML), etc. In addition, all or some of links can be

encrypted using conventional encryption technologies such as secure sockets layer (SSL),

transport layer security (TLS), virtual private networks (VPNs), Internet Protocol security

(IPsec), etc. The entities can use custom and/or dedicated data communications technologies

instead of, or in addition to, the ones described above.

[0024] The game system 130 interacts with the client devices 110 to provide game

sessions to users of the client devices 110. The game may be a dedicated software

application built natively for the client device 110 or code (e.g., HTML 5 code) running

within a game playing engine. A game session involves one or more users interacting with

respective client devices 110 to play a set of instances of a game in coordination with each

other. In multiplayer game sessions, multiple client devices 110 participate in a single game

session, interactively playing the same game. In single player game sessions, one client

device 110 participates in a single game session. In some embodiments, the game runs on the

game system 130, and is accessed using the client device 110, which provides an interface to

play the game. For example, the game executes upon the game system 130, which sends the

results of the execution of the game to the client devices 110. The client devices 110 interact



with the results of the execution that are received from the game server 130 and send the

interactions to the game server 130, which impact the execution of the game. The game

session may progress in this back and forth manner.

EXAMPLE GAME SYSTEM

[0025] FIG. 2 illustrates a block diagram of an architecture of the game system 130,

according to one example embodiment. The game system 130 shown in FIG. 2 includes a

user data store 135, a session initiation module 140, a session control module 145, a

rendering module 150, and a session data store 155. In other embodiments, the game system

130 may include additional, fewer, or different components for various applications.

Conventional components such as network interfaces, security functions, load balancers,

failover servers, management and network operations consoles, and the like are not shown so

as not to obscure the details of the system architecture.

[0026] Each user of the game system 130 is associated with a user profile (or user

account), which is stored in the user data store 150. A user profile includes declarative

information about the user that was explicitly shared by the user and may also include profile

information inferred by the game system 130. In one embodiment, a user profile includes

multiple data fields, each describing one or more attributes of the corresponding user of the

game system 130. Examples of information stored in a user profile include a user name,

biographic data, contact information, privacy settings, a list of users to whom the user is

connected on the game system 130, and the like. A user profile in the user data store 150

may also maintain references to actions by the corresponding user performed on the game

system 130 and stored in the session data store 155.

[0027] The session initiation module 140 initiates game-playing sessions between one

or more client devices 110. A user of the client device 110A may select a game from a list of

available games displayed through the game application 102. ETpon selection of a game by

the client device 110A, the session initiation module 140 determines that a state change has

occurred and sends the state change to a three-dimensional (3D) rendering engine of the game

application 102 on the client device 110A . In one embodiment, the 3D rendering engine of

the client device 110A instructs a camera on the client device 110A to initiate a front-facing

video and renders a display of the game application 102A associated with the selected game.

The session initiation module 140 further generates a session identifier for the game session

and sends the session identifier to the client device 110A .

[0028] Responsive to the user of the client device 110A (also referred to herein as the



“host” for this example) providing input to initiate the game session, the session initiation

module 140 queries the host through the game application 102A to determine whether to

initiate a single player game session or a multiplayer game session. The session initiation

module 140 may also identify users connected to the host, e.g., friends of the host, and

suggest to the host that the host invite the identified users to a game. Alternatively, the

session initiation module 140 may identify other users to whom the host is not connected

(e.g., has never played with) and may recommend to the host that the host play with the

identified users. Upon selection by the host of one or more client devices 110 for invitation

to the game session, the session initiation module 140 determines that a state change has

occurred and sends the state change to a 3D rendering engine of each game application 102 of

each invited client device 110. The session initiation module 140 further generates an

invitation message and sends the invitation message to each selected client device 110

through the game application 102 or through a text message on the client device 110. In one

embodiment, the invitation message includes the session identifier for the game session.

[0029] Upon receipt of an invitation message, the game application 102 of each invited

client device 110 prompts a user of the invited client device 110 to either accept or reject the

invitation. If a user of an invited client device 110B provides input to the game application

102B accepting the invitation, the session initiation module 140 may further interact with the

client device 110B to enable participation in the game session. Specifically, the session

initiation module 140 receives the user input and determines that a state change has occurred

sends the updated state to the 3D rendering engine on the invited client device 110B.

Responsive to receiving the state change notification, the 3D rendering engine on the invited

client device 110B instructs a camera on the invited client device 110B to initiate a front-

facing video feed and renders a display of the game application 102B associated with the

state change. For example, in one embodiment, the updated display includes a video feed

overlaid by one or more augmented reality (AR) elements, as discussed below.

[0030] Alternatively, if the user of the invited client device 110B provides input

declining the invitation to join the game session, the session initiation module 140 sends the

state change to the 3D rendering engine on the invited client device 110B and the host client

device 110A . In one embodiment, the 3D rendering engines on both the invited client device

110B and the host client device 110A cause the game session to be terminated. In other

embodiments, the session on the host client device 110A remains active such that the host can

participate in a single player game session or invite one or more other users to participate in a



multiplayer game session.

[0031] In one embodiment, one or more additional users may join a single player or

multi player game session that is already in progress by inputting the session identifier

associated with the game session through the game application 102. Responsive to receiving

the session identifier from the client device 110B, the session initiation module 140 sends a

state change notification to the 3D rendering engines on the host client device 110A and the

additional client device 110B, which render updated displays associated with the state

change. For example, an updated display on the host client device 110A might include AR

text and/or graphical elements notifying the host that an additional user has joined the game

session.

[0032] The session initiation module 140 proceeds to launch the game after receiving

notifications that one or more invited client devices 110 have accepted the invitation, or, in

some embodiments, that the host client device 110A has declined to invite additional client

devices 110. In one embodiment, the game is hosted on the game system 130, and the

session initiation module 140 sends the participating client device(s) parameters associated

with the game session, such as identifiers of the participating client device(s).

[0033] The session control module 145 controls the single or multiplayer game session

by receiving user input through the game application(s) 102 on the participating client

device(s) 110 and determining subsequent state changes associated with the game session.

For example, if a user participating in the game session performs an action within the game,

the action is communicated to the session control module 145, which determines an effect of

the action and applies the effect to the game session, populating that action and its effects to

any other client devices 110 that are participating in the game session. In one embodiment,

responsive to determining an effect of a user action, the session control module 145 instructs

the rendering module 150 to generate for display one or more AR elements associated with

the effect and to send the generated AR element(s) to the 3D rendering engine on the

participating client devices 110.

[0034] In one embodiment, recording functionality during the game session is based on

input received from the host client device 110A . The session control module 140 determines

a client identifier of the host client device 110A that initiated the game session. Responsive

to the user of the host client device 110A providing input through the game application 102A

to begin recording the game session, the session control module 140 instructs the other

participating client devices 110 to enable automatic recording and to disable separate



recording functionality during the game session. If the host provides input to the host client

device 110A to terminate the game session, the session control module 140 sends the state

change to the participating client devices 110 and instructs the participating client devices

110 to stop recording.

[0035] The session control module 145 receives user input through the game

applications 102 during the game session and uses rules to determine effects associated with

the received input. For example, assume that two users are playing a basketball game for

which the object is to get as many balls through the hoop as possible during a specified time

period. If a first user provides input through the game application 102A (e.g., by tapping at a

point on the display of the client device 110A), the session control module 145 determines an

effect associated with the user input. For example, the session control module 145 might

determine that the user has tapped the correct portion of the display to allow a basketball to

go through the hoop and update the score of the game to award a point to the first user.

Responsive to determining the effect of the user input, the session control module 145

instructs the rendering module 150 to render one or more AR elements associated with the

effect, such as dynamic AR elements showing a basketball going through the hoop and

showing an AR scoreboard being updated. In this way, states of the game session and the

status of the AR objects are updated and sent to the participating client devices 110 in real-

time.

[0036] The session control module 145 continues to monitor state changes of the game

session until the game session is terminated by one or more of the participating client devices

110. In one embodiment, the game session may only be terminated by the host client device

110A, while in other embodiments, the game session may be terminated by the host client

device 110A or by another participating device 110.

[0037] Responsive to determining that a user has provided input through the game

application 102 to terminate a game session, the session control module 145 notifies the 3D

rendering engines on the participating client devices 110 of the state change and instructs the

3D rendering engines to terminate the game session and, in some embodiments, end the video

feed. In one embodiment, the session control module 145 instructs the rendering module 150

to generate for display one or more AR elements associated with the session termination. For

example, the AR elements may include graphical and/or textual elements that inform the user

that the user won or lost the game. The rendering module 150 sends the generated AR

elements to the 3D rendering engines on the client devices 110 and instructs the 3D rendering



engines to overlay the AR elements on the video feed. Still further, in some embodiments,

responsive to receiving an instruction to terminate the game session, the session control

module 145 instructs the rendering module 150 to generate a composite video associated with

the game session and to provide the generated video for display on the participating client

devices 110.

[0038] The rendering module 150 generates AR elements associated with the game

session based on state change notifications received from the session control module 145 and

provides the AR elements to the 3D rendering engines on the client devices 110 for display.

In one embodiment, the rendering module 150 instructs the 3D rendering engines to display

the generated elements as a 3D graphical overlay on a video feed or image captured by the

camera on the client device 110.

[0039] In one embodiment, the rendering module 150 generates the same AR elements

for display on multiple client devices 110. For example, if two users are playing a basketball

game and one user scores, the session control module 145 might instruct the rendering

module 150 to generate for display on both client devices 110 an animated graphical element

showing a scoreboard being updated. Alternatively, the rendering module 150 generates for

display different AR elements for the various devices participating in the game session. For

example, the session control module 145 might instruct the rendering module 150 to generate

AR text reading “You scored!” on the scoring user’s client device 110 and “Melissa scored!”

on the client devices 110 of the other participating users in the game session.

[0040] The rendering module 150 further generates for display a composite video for

each user client device 110 participating in the game session. For example, in response to the

host client device 110A providing input to terminate the game session, the session control

module 145 instructs the camera on the client device 110 to stop recording and to send the

recorded video to the game system 150. The rendering module 150 searches the received

video for one or more markers or notable events occurring within the video (e.g., a user

scoring) and selects one or more events having a cumulative duration less than or equal to a

specified period of time (e.g., 5 seconds). In some embodiments, while the rendering module

150 is editing the game session video, the session control module 145 instructs the client

device 110 to trigger a rear-facing camera to enable the camera to capture the user’s reaction

to the game session. The front-facing camera may be activated for a specified period of time

(e.g., 2 seconds). Alternatively, the front-facing camera remains active until the user

provides input through the game application 102 to stop recording. The rendering module



150 receives the captured reaction video and stiches the reaction video to the edited game

session video to create a composite video of the game session that includes a front-facing

video of game highlights and a rear-facing video showing the user’s reaction to the game

session. The rendering module 150 provides the composite video for display on the client

device 110, and the user may provide input to approve or disapprove of the video and to share

the video on the game application 102 and/or on third-party systems, such as a social

networking system.

[0041] The session data store 155 stores data associated with each game session, such

as identifiers of the one or more participating client devices 110, an identifier of the game

session, the length of the game session, and the result of the game session, such as an

identifier of the winning client device 110 and a score of the game session. In one

embodiment, the stored data includes a recording of the game session as captured by the host

client device 110. As discussed above, the recording of the game session may be used by the

rendering module 150 to generate a video comprising one or more highlights of the game

session.

EXAMPLE METHOD

[0042] FIG. 3 illustrates a method 300 for managing a networked game session,

according to one embodiment. The steps of FIG. 3 are illustrated from the perspective of the

game system 130 executing the state machine that performs the method 300. However, some

or all of the steps may be performed by other entities or components. In addition, some

embodiments may perform the steps in parallel, perform the steps in different orders, or

perform different steps. In addition, the steps may be embodied as instructions executable by

a processor of a machine, for example, as described by FIG. 7 .

[0043] At 302, a user of a host client device 110A provides input through the game

application 102A to initiate a game session through the networked gaming system 100. In

one embodiment, upon selection of a game by the host client device 110A, the session

initiation module 140 instructs the rendering module 150 to generate one or more AR

elements associated with the selected game and to provide the generated elements for display

on the host client device 110A. The display may include graphical and/or textual elements of

the game, such as a logo, a color scheme, and one or more interactive elements that may be

used to play the game and/or invite one or more additional users to join the game session.

For example, in one embodiment, the rendering module 150 provides for display an

interactive graphical overlay listing names of other users whom the host can invite to the



game session and/or a link to an invitation page through which the host can input identifiers

of one or more additional users.

[0044] Throughout the game session, the session control module 145 determines 304

state changes based on input from the host client device 110A and one or more participating

client devices 110B and determines 306 an effect of the state change based on rules

associated with the game. For example, in one embodiment, the host client device 110A

selects a client device 110B to invite to the game session. The session control module 145

sends (or transmits) the state change to the 3D rendering engine of the game application 102B

with instructions to render an invitation on the display of the client device 110B inviting the

user of the client device 110B to join the game session.

[0045] The session control module 145 takes one or more actions based on the

determined effect. For example, if the user of the client device 110B declines the invitation

to join the game session, the session control module 145 sends the state change to the 3D

rendering engines on the client devices 110A and 110B and terminates the game session.

Conversely, if the user of the client device 110B accepts the game session invitation, the

session control module 145 sends the state change to the 3D rendering engines on the client

devices 110A and 110B and starts the game session.

[0046] In some embodiments, the rendering module 150 generates 308 one or more AR

element(s) associated with the state change and instructs 310 the client devices 110A and

110B to render the AR elements(s) as an overlay on real-time or near-real -time video feed

captured by cameras on the client devices 110A and 110B. For example, if the session

control module 145 determines that the user of the client device 110B has scored, the

rendering module 150 might generate dynamic AR elements showing a game scoreboard

being updated (e.g., for display on both of the client devices 110A and 110B) and/or text

associated with the state change (e.g., text stating “You Scored!” or “Nice!” for display on

the client device 110B and/or “Abby scored!” or “You Can Do It!” for display on the client

device 110A). As another example, if host client device 110A terminates the game session,

the rendering module 150 might render for display on the client device 110B AR text

informing the user of the client device 110B that the host ended the game session.

EXAMPLE STATE MACHINE

[0047] FIG. 4 illustrates an example custom state machine executed by the game

system 130 for rendering a composite video associated with a game session, according to one

embodiment. The state machine passes information between the game system 130 and the



client devices 110 regarding the state of the game session and the status of the game objects

such that the users of the client devices 110 can see object behavior in real-time as other users

interact with session objects.

[0048] The steps of FIG. 4 are illustrated from the perspective of the game system 130

executing the state machine that performs the method 400. However, some or all of the steps

may be performed by other entities or components. In addition, some embodiments may

perform the steps in parallel, perform the steps in different orders, or perform different steps.

[0049] The session initiation module 140 of the game system 130 receives user input

through the client device 110 to launch the game application 102 to begin a single-player or

multi-player game session. In one embodiment, responsive to the client device 110 launching

the game application 102, the session initiation module 140 instructs the client device 110 to

start a video feed using a forward-facing camera of the client device 110. The video feed

may be augmented by one or more AR elements including a list of available games.

[0050] At 402, the user of the client device 110 provides input selecting a game from

the list of available games. Responsive to receiving the user input, the session initiation

module 140 sends a message via the state machine to the client device 110 instructing 404 the

3D rendering engine on the client device 110 to load the selected game. In one embodiment,

the 3D rendering engine renders one or more AR elements generated by the rendering module

150 and associated with the game application 102 and/or the selected game. For example, the

user of the client device 110 may invite other client devices 110 to the game session from

within the game session, for example, using on-screen buttons overlaying the video feed, as

described below with respect to FIG. 5 .

[0051] Responsive to initiating the game session on the client device 110, the session

initiation module 140 instructs 406 the client device 110 to begin recording the game session

(“Video A”). In one embodiment, the forward-facing camera records the game session inside

the game application 102 without the presence of native user interface elements of the client

device 110. The game system 150 and the client device 110 continue to interact to execute

the game session. In one embodiment, the game runs on the game system 150, and is

accessed using the client device 110, which provides an interface to play the game. For

example, the game is executed upon the game system 150, which sends the results of the

execution to the client device 110. The client device 110 interacts with the results of the

execution that are received from the game system 150 and sends the interactions to the game

system 150, impacting execution of the game.



[0052] The game session progresses in this back-and-forth manner until the session

control module 145 receives 408 user input to terminate the game session, for example, if the

client device 110 quits the game application 102 or if the user chooses not to start a new

game after a first game is complete. Responsive to receiving the input to terminate the game

session, the session control module 145 instructs the client device 110 to stop recording the

game session and instructs the rendering module 150 to edit the recorded video.

[0053] The rendering module 150 edits 410 Video A by selecting events occurring

during the game session and recorded by the forward-facing camera on the client device 110.

In one embodiment, the rendering module 150 edits down Video A to a specified number of

seconds (e.g., 5 seconds) by using a custom algorithm that searches the video feed for one or

more markers or notable events associated with the game session (e.g., the user scoring, the

user preventing another user from scoring, a prolonged play, a final score of the game, etc.).

Responsive to identifying a plurality of markers in Video A, the rendering module 150 selects

(e.g., randomly) at least one marker for inclusion in the edited video. In one embodiment, the

selected markers have a cumulative duration equal to or less than a threshold amount of time.

For example, if the threshold amount of time is five seconds, the rendering module 150 might

select a first marker lasting approximately 1 second (e.g., a user scoring a first time), a second

marker lasting approximately 2 seconds (e.g., a user preventing another user from scoring),

and a third marker lasting approximately 1 second (e.g., a final score of the game), such that

the cumulative duration is equal to the threshold amount of time. After selecting the markers

for inclusion in the edited video feed, the rendering module 150 filters Video A to include

footage associated with the selected markers and filters out remaining video footage from

Video A . Alternatively, the edited video includes a specified number of game events (e.g.,

the user scoring or winning the game) such that the duration of the edited video is based in

part on the duration of each selected event. In one embodiment, events are selected based on

specified parameters to generate the most interesting video. The rendering module 150 may

weight events based on their elements of visual interest. For example, an event for the

moment a user wins the game is weighted higher than the moment the game started. In this

way, the rendering module 150 generates, for each user, a customized video that includes

highlights of the game session.

[0054] In one embodiment, while the rendering module 150 is editing Video A, the

session control module 145 sends an instruction 412 via the state machine to the client device

110 to instruct the client device 110 to trigger a rear-facing camera and to record a video



(“Video B”) using the rear-facing camera. For example, Video B may capture the user’s

reaction to the game session during a period of time (e.g., two seconds) after the game

session ends. In this way, Video B may be a “selfie” video of the user reacting to having won

or lost the game. In one embodiment, the session control module 145 instructs the rear

facing camera to capture a video feed for a specified period of time, while in other

embodiments, the rear-facing camera remains activated until the user provides input through

the game application 102 to end the recording.

[0055] At 414, the rendering module 150 generates a custom video for the user of the

client device 110 based on the recorded videos. In one embodiment, the rendering module

150 stitches together the edited Video A, captured by the forward-facing camera on the client

device 110, with Video B, captured by the rear-facing camera on the client device 110. A

custom video sheer API speeds up Video B (the user’s reaction video), and stitches it

together with the edited Video A (the selected game highlights). In some embodiments, the

rendering module 150 generates one or more static or dynamic AR elements for inclusion in

the composite video. For example, the composite video might include AR text reading

“Good Game!” or “Start New Game?” and/or graphical elements such as a trophy or

exploding fireworks to celebrate a user’s win. The rendering module 150 provides 416 the

composite video to the 3D rendering module for display on the client device 110.

[0056] The user may provide input in response to playback of the composite video.

The rendering module 150 receives 418 the user input and takes one or more actions based on

the user input. For example, in one embodiment, the user may approve the video and/or

provide an instruction to share the video inside of the game application 102 such that the

video is viewable by the user and/or one or more other users of the game system 150.

Additionally or alternatively, the user may provide an instruction to share the composite

video outside the game application 102, e.g., on a third-party website or system, such as a

social networking system. The composite video may further be stored in association with the

user in the user data store 135.

[0057] In some embodiments, the flow executed by the custom state machine may be

repeated for one or more subsequent game sessions. For example, after the user approves the

composite video, the user may provide input to start a new game session (e.g., by selecting a

new game). Further, while the described embodiment generated a composite video capturing

a single-player game session, the game system 130 may perform a similar method for game

sessions that include one or more other participating client devices 110.



EXAMPLE SESSION INITIATION DISPLAY

[0058] FIG. 5 is an AR image 500 illustrating initialization of a networked game

session, according to one embodiment. The AR image 500 may a be a dynamic visual

interface (e.g., an interactive user interface) that can be dynamic and presented on a screen of

a computing device, for example, of a type described in FIG. 7 . In the embodiment shown in

FIG. 5, a user of a host client device 110A has opened the game application 102A to initiate a

game session. Responsive to the user opening the game application 102A, the session

initiation module 140 instructs a camera on the host client device 110A to initiate a live video

feed, and the rendering module 150 generates for display one or more AR elements

associated with initialization of the game session. For example, as shown in FIG. 5, the AR

elements include a gaming wheel 505 through which the user may select a game. The user

may change the display of available games by providing input on the display to spin the

wheel upward or downward and may select an available game by tapping on an icon in the

gaming wheel 505. For example, in the embodiment shown in FIG. 5, the user has selected

an icon associated with a volleyball game. Responsive to receiving the user selection, the

session initiation module 140 instructs the rendering module 150 to generate dynamic AR

elements associated with the volleyball game, such as a net 510, a pair of hands 515, and a

scoreboard 520. The rendering module 150 provides the generated elements to the 3D

rendering engine on the host client device 110, which overlays the AR elements on the video

feed.

[0059] The AR elements shown in FIG. 5 further include an invitation overlay 525

allowing the user of the host client device 110 to invite one or more additional users to join

the game session. In one embodiment, the invitation overlay 525 includes an invitation

button 530, the selection of which allows the host to invite one or more additional users to

join the game session. For example, upon selection of the invitation button 530, the session

initiation module 140 instructs the application 102A to load an invitation page enabling the

host to send invitations to join the session to other client devices 10. In one embodiment, the

invitation page includes a list of invitation techniques, such as a notification from the gaming

application 102B or through a native messaging application (e.g., iMessage™) on the client

device 110B. The invitation page also may include a list of client devices 110 to whom an

invitation may be sent, each listed client device 110 including, for example, a name.

Additionally or alternatively, the invitation page may include a field in which the host may

input an identifier of a client device 110B, such as a phone number.



[0060] Upon selection of one or more client devices 110 for invitation and selection of

one or more invitation techniques, the host client device 110A generates an invitation

message and configures the selected invitation techniques such that the invitation message

may be sent. For example, if the invitation technique is a text message and the invitee is a

client device 110B, the client device 110A generates a textual invitation message, opens a

text message application on the client device 110A, addresses the text to the invitee, and

pastes the invitation message into a message portion of the text message application. The

host may then cause the invitation to be sent to the invitee using a button of the text message

application. The invitation overlay 525 further includes identifiers 535 of one or more

additional users of the game system 130 to whom the host can invite to join the game session

and a single player selection button 540 that the user can select to initiate a single player

game session.

EXAMPLE GAME SESSION DISPLAY

[0061] FIG. 6 is an AR image 600 illustrating a state of a networked game session,

according to one embodiment. The AR image 600 may a be a dynamic visual interface (e.g.,

an interactive user interface) that can be dynamic and presented on a screen of a computing

device, for example, of a type described in FIG. 7 . In the embodiment shown in FIG. 6, the

user has selected the volleyball game, and the rendering module 150 provides for display

dynamic AR elements associated with the selected game. For example, the AR elements

include a scoreboard 605 identifying the one or more participants in the game session and a

score, a pair of hands 610, a ball 615, a net 620, and a hot opponent 625 that provides an

opponent for the user in a single-player session. The user of the client device 110 may

provide input by selecting (e.g., tapping on) the hands 610. Responsive to receiving the user

input, the rendering module 150 generates for display dynamic AR elements associated with

the user input. For example, the AR elements may include the ball 615 moving on the

display across the net 620 and toward the target 625. Additional AR elements may include

text informing the user of a status of the game (e.g., the user scored a point or won the game)

and/or instructing the user to turn or tilt the client device 110 such that the AR elements are

captured in the field of view of the camera.

COMPUTING SYSTEM ARCHITECTURE

[0062] FIG. 7 is a high-level block diagram illustrating components of an example

machine able to reach instructions from a machine-readable medium and execute them in a

processor (or controller).



[0063] More specifically, FIG. 7 shows a diagrammatic representation of a machine in

the example form of a computer system 700. The computer system 700 can be used to

execute instructions 724 (e.g., program code or software) for causing the machine to perform

any one or more of the methodologies (or processes) described herein. In alternative

embodiments, the machine operates as a standalone device or a connected (e.g., networked)

device that connects to other machines. In a networked deployment, the machine may

operate in the capacity of a server machine or a client machine in a server-client network

environment, or as a peer machine in a peer-to-peer (or distributed) network environment.

[0064] The machine may be a server computer, a client computer, a personal computer

(PC), a tablet PC, a set-top box (STB), a smartphone, an internet of things (IoT) appliance, a

network router, switch or bridge, or any machine capable of executing instructions 724

(sequential or otherwise) that specify actions to be taken by that machine. Further, while

only a single machine is illustrated, the term “machine” shall also be taken to include any

collection of machines that individually or jointly execute instructions 724 to perform any

one or more of the methodologies discussed herein.

[0065] It is noted that the computing devices described herein, for example, client devices

110, game system 130, may include some or all of the components illustrated and described

herein with respect to FIG. 7 depending on its particular implementation. Moreover,

additional components may be included to work in conjunction with some or all of the

components illustrated and described with FIG. 7 .

[0066] The example computer system 700 includes one or more processing units

(generally processor 702). The processor 702 is, for example, a central processing unit

(CPU), a graphics processing unit (GPU), a digital signal processor (DSP), a controller, a

state machine, one or more application specific integrated circuits (ASICs), one or more

radio-frequency integrated circuits (RFICs), or any combination of these. The computer

system 700 also includes a main memory 704. The computer system may include a storage

unit 716. The processor 702, memory 704 and the storage unit 716 communicate via a bus

708.

[0067] In addition, the computer system 706 can include a static memory 706, a display

driver 710 (e.g., to drive a plasma display panel (PDP), a liquid crystal display (LCD), or a

projector). The computer system 700 may also include alphanumeric input device 712 (e.g.,

a keyboard), a cursor control device 714 (e.g., a mouse, a trackball, a joystick, a motion

sensor, or other pointing instrument), a signal generation device 718 (e.g., a speaker), and a



network interface device 720, which also are configured to communicate via the bus 708.

[0068] The storage unit 716 includes a machine-readable medium 722 on which is stored

instructions 724 (e.g., software) embodying any one or more of the methodologies or

functions described herein. The instructions 724 may also reside, completely or at least

partially, within the main memory 704 or within the processor 702 (e.g., within a processor’s

cache memory) during execution thereof by the computer system 700, the main memory 704

and the processor 702 also constituting machine-readable media. The instructions 724 may

be transmitted or received over a network 726 via the network interface device 720.

[0069] While machine-readable medium 722 is shown in an example embodiment to be a

single medium, the term “machine-readable medium” should be taken to include a single

medium or multiple media (e.g., a centralized or distributed database, or associated caches

and servers) able to store the instructions 724. The term “machine-readable medium” shall

also be taken to include any medium that is capable of storing instructions 724 for execution

by the machine and that cause the machine to perform any one or more of the methodologies

disclosed herein. The term “machine-readable medium” includes, but not be limited to, data

repositories in the form of solid-state memories, optical media, and magnetic media.

ADDITIONAL CONSIDERATIONS

[0070] While the described embodiment performs rendering of AR elements on the

game system 130, in other embodiments, some or all of the rendering is performed by the 3D

rendering engines on the client devices 110. For example, in one embodiment, the session

control module 145 determines an effect of a state update based on user input through the

game application 102 and instructs the 3D rendering engine on the client device 110 to render

and display one or more AR elements associated with the state update. In still other

embodiments, rendering is performed both server-side and client-side.

[0071] Further, while the described embodiment facilitates gameplay in augmented

reality environments, in other embodiments, the state machine may be used in conjunction

with non-augmented hardware systems and can network both augmented and non-augmented

hardware systems with identical or similar results. Non-augmented hardware systems do not

support digital overlays on the physical world; however, by networking the traffic of virtual

objects, the state machine allows users to play with others, despite their device specifications.

[0072] Some portions of above description describe the embodiments in terms of

algorithmic processes or operations. These algorithmic descriptions and representations are

commonly used by those skilled in the data processing arts to convey the substance of their



work effectively to others skilled in the art. These operations, while described functionally,

computationally, or logically, are understood to be implemented by computer programs

comprising instructions for execution by a processor or equivalent electrical circuits,

microcode, or the like. Furthermore, it has also proven convenient at times, to refer to these

arrangements of functional operations as modules, without loss of generality.

[0073] As used herein, any reference to “one embodiment” or “an embodiment” means

that a particular element, feature, structure, or characteristic described in connection with the

embodiment is included in at least one embodiment. The appearances of the phrase “in one

embodiment” in various places in the specification are not necessarily all referring to the

same embodiment.

[0074] Some embodiments may be described using the expression “coupled” and

“connected” along with their derivatives. It should be understood that these terms are not

intended as synonyms for each other. For example, some embodiments may be described

using the term “connected” to indicate that two or more elements are in direct physical or

electrical contact with each other. In another example, some embodiments may be described

using the term “coupled” to indicate that two or more elements are in direct physical or

electrical contact. The term “coupled,” however, may also mean that two or more elements

are not in direct contact with each other, but yet still co-operate or interact with each other.

The embodiments are not limited in this context.

[0075] As used herein, the terms “comprises,” “comprising,” “includes,” “including,”

“has,” “having” or any other variation thereof, are intended to cover a non-exclusive

inclusion. For example, a process, method, article, or apparatus that comprises a list of

elements is not necessarily limited to only those elements but may include other elements not

expressly listed or inherent to such process, method, article, or apparatus. Further, unless

expressly stated to the contrary, “or” refers to an inclusive or and not to an exclusive or. For

example, a condition A or B is satisfied by any one of the following: A is true (or present)

and B is false (or not present), A is false (or not present) and B is true (or present), and both

A and B are true (or present).

[0076] In addition, use of the “a” or “an” are employed to describe elements and

components of the embodiments. This is done merely for convenience and to give a general

sense of the disclosure. This description should be read to include one or at least one and the

singular also includes the plural unless it is obvious that it is meant otherwise.

[0077] Upon reading this disclosure, those of skill in the art will appreciate still



additional alternative structural and functional designs for a system and a process for

managing a networked game session. Thus, while particular embodiments and applications

have been illustrated and described, it is to be understood that the described subject matter is

not limited to the precise construction and components disclosed herein and that various

modifications, changes and variations which will be apparent to those skilled in the art may

be made in the arrangement, operation and details of the method and apparatus disclosed.

The scope of protection should be limited only by the following claims.



CLAIMS

1. A computer-implemented method for initiating a networked gaming session, the

method comprising:

receiving, at a gaming system from a first client device of a first user of the game

system, a selection of a game of a plurality of available games;

determining, based on the received selection, the occurrence of a first state change,

the first state change comprising an instruction to launch a game session

associated with the selected game;

rendering one or more augmented reality (AR) elements associated with the first state

change and the selected game;

transmitting, by a state machine associated with the gaming system, a notification of

the first state change to a rendering engine on the first client device, the

notification including an instruction to enable a first video feed on the first

client device and to display the one or more AR elements as an overlay on the

video feed;

receiving, at the gaming system from a second client device of a second user of the

game system, a request to join the game session;

determining, based in part on the received request, an occurrence of a second state

change, the second state change comprising an instruction to launch a multi-

player game session including the first client device and the second client

device; and

transmitting, by the state machine, a notification of the second state change to

rendering engines on the first client device and the second client device.

2 . The computer-implemented method of claim 1, wherein the one or more AR elements

associated with the first stage change and the selected game include an invitation

overlay to allow the first user to invite or more additional users to join the game

session.

3 . The computer-implemented method of claim 2, further comprising:

receiving user input from the first client device to invite the second user to join the

game session; and

transmitting an invitation, by the state machine, to the second client device, the

invitation including an identifier of the game session.



4 . The computer-implemented method of claim 1, wherein the notification of the second

stage change includes an instruction to launch the multi-player game session.

5 . The computer-implemented method of claim 4, further comprising instructing the

rendering module on the second client device to automatically enable a first video

feed on the second client device and to display one or more AR elements associated

with the multi-player game session.

6 . The computer-implemented method of claim 5, further comprising:

determining, based on user input from the first client device, the occurrence of a third

state change, the third state change comprising an instruction to terminate the

game session; and

transmitting, via the state machine, a notification of the third state change to the

rendering engines on the first client device and the second client device, the

notification of the third state change including an instruction to terminate the

multi-player game and to disable the first video feed on the first client device

and the second client device.

7 . The computer-implemented method of claim 6, further comprising:

instructing the rendering modules on the first client device and the second client

device to enable a second video feed on the first client device and the second

client device; and

generating, for each of the first client device and the second client device, a composite

video associated with the game session, the composite video including an

edited version of the first video feed and the second video feed.

8 . A non-transitory computer-readable storage medium storing instructions thereon that

when executed by a processor cause the processor to:

receive, at a gaming system from a first client device of a first user of the game

system, a selection of a game of a plurality of available games;

determine, based on the received selection, the occurrence of a first state change, the

first state change comprising an instruction to launch a game session

associated with the selected game;

render one or more augmented reality (AR) elements associated with the first state

change and the selected game;

transmit, by a state machine associated with the gaming system, a notification of the

first state change to a rendering engine on the first client device, the



notification including an instruction to launch a video feed on the first client

device and to display the one or more AR elements as an overlay on the video

feed;

receive, at the gaming system from a second client device of a second user of the

game system, a request to join the game session;

determine, based in part on the received request, an occurrence of a second state

change, the second state change comprising an instruction to launch a multi-

player game session including the first client device and the second client

device; and

transmit, by the state machine, a notification of the second state change to rendering

engines on the first client device and the second client device

9 . The non-transitory computer-readable storage medium of claim 8, wherein the one or

more AR elements associated with the first stage change and the selected game

include an invitation overlay to allow the first user to invite or more additional users

to join the game session.

10. The non-transitory computer-readable storage medium of claim 9, wherein the

instructions further cause the processor to:

receive user input from the first client device to invite the second user to join the

game session; and

transmit an invitation, by the state machine, to the second client device, the invitation

including an identifier of the game session.

11. The non-transitory computer-readable storage medium of claim 10, wherein the

notification of the second stage change include an instruction to launch the multi

player game session.

12. The non-transitory computer-readable storage medium of claim 11, wherein the

instructions further cause the processor to instruct the rendering module on the second

client device to automatically enable a video feed on the second client device and to

display one or more AR elements associated with the multi-player game session.

13. The non-transitory computer-readable storage medium of claim 12, wherein the

instructions further cause the processor to:

determine, based on user input from the first client device, the occurrence of a third

state change, the third state change comprising an instruction to terminate the

game session; and



transmit, via the state machine, a notification of the third state change to the rendering

engines on the first client device and the second client device, the notification

of the third state change including an instruction to terminate the multi-player

game and to disable the first video feed on the first client device and the

second client device.

14. The non-transitory computer-readable storage medium of claim 13, wherein the

instructions further cause the processor to:

instruct the rendering modules on the first client device and the second client device

to enable a second video feed on the first client device and the second client

device; and

generate, for each of the first client device and the second client device, a composite

video associated with the game session, the composite video including an

edited version of the first video feed and the second video feed.

15. A computer-implemented method for generating a composite video associated with a

networked gaming session, the method comprising:

receiving, from a client device of a user of a game system, a request to initiate a game

session;

instructing a first camera on the first client device to initiate a first video feed, the first

video feed overlaid by one or more augmented reality (AR) elements

associated with the game session;

receiving an instruction to terminate the game session;

instructing the first camera on the first client device, responsive to receiving the

instruction, to terminate the first video feed and instructing a second camera

on the first client device to capture a second video feed;

stitching the first and second video feeds to generate a composite video associated

with the game session; and

providing the composite video for display on the first client device.

16. The computer-implemented method of claim 15, further comprising:

receiving user input comprising an instruction to share the composite video; and

providing, responsive to receiving the user input, the composite video for display to

other users of the game system.



17. The computer-implemented method of claim 15, wherein the first camera is a front-

facing camera on the first client device and wherein the second camera is a rear-facing

camera on the first client device.

18. The computer-implemented method of claim 15, further comprising editing the first

video feed, wherein the editing comprises:

searching the first video feed for one or more markers associated with the game

session;

selecting, responsive to identifying a plurality of markers associated with the game

session in the first video feed, one or more markers having a cumulative

duration of less than or equal to a threshold time; and

filtering the first video feed to include video footage associated with the selected

markers.

19. The computer-implemented method of claim 15, wherein the second camera captures

the second video feed for a specified period of time after the first camera terminates

the first video feed.

20. The computer-implemented method of claim 15, further comprising generating one or

more AR elements associated with the composite video.
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