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(57) Abstract: Techniques and systems for providing real-world aware-

~ ness for virtual reality are disclosed. In response to determining that a

virtual reality application is in use, an awareness module can begin mon-
itoring for external signals by at least accessing an available sensor of a
computing device. In response to detecting the at least one external sig-
nal, the awareness module can determine a level of notification for an
interruption notification of the virtual reality application based on the at
least one external signal. The awareness module can receive context of
the virtual reality application. A type for the interruption notification of
the virtual reality application can be determined based on the determined
level of notification and the context of the virtual reality application. The
interruption notification may be provided to the virtual reality applica-
tion based on the determined type.
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REAL-WORLD AWARENESS FOR VIRTUAL REALITY

BACKGROUND

{0001} Virtual reality can refer to a fully immersive, computer-generated
experience. For example, a user can put on a headset, and everything in the user’s field of
view is a pixel. In comparison, augmented reality and mixed reality include experiences in
which reality is supplemented with additional information such as available on a heads-up
display, overlay, or on a mobile device. Augmented reality and mixed reality are similar,
but mixed reality takes augmented reality one step further so that not only is the real world
and the digitally represented world available, the digitally represented objects interact with
the real-world element. For example, holograms can be rendered in the real world and
appear to interact with objects in the physical world.

{0002} When operating in virtual reality, a user may interact with the virtual
environment and manipulate objects or perform actions. The scenarios enacted in virtual
reality can be grounded in reality or be fantastical. Many virtual reality programs are
directed to simulations for medical or military training, involve games, or enable a user to
explore a destination, including famous landmarks and galleries.

{0003} Virtual reality headsets are one mechanism to provide an immersive virtual
reality experience to a user. Virtual reality (VR) headsets may fall within one of three
categories: mobile (e.g., supported by a mobile device or smartphone), console (e.g., for use
with a gaming system), personal computer (e.g., connected to a computing system for
extensive processing), and stand-alone VR. In general, VR headsets include or can be
connected to a stereoscopic display, speakers, and tracking sensors (e.g., for detecting head
motion).

BRIEF SUMMARY

{0004} Techniques and systems for providing real-world awareness for virtual
reality are disclosed. Cameras, microphones, and other sensors can be utilized to let a user
quickly "peek" into the real world without leaving the VR environment. The “peek” into the
real world can happen instantly and without the user needing to remove any hardware.

[0005] An awareness module executing on a computing device associated with a
VR headset can determine that a virtual reality application is in use. In response to
determining that the virtual reality application is in use, the awareness module can begin
monitoring for external signals by at least accessing an available sensor of a computing

device. The awareness module can detect at least one external signal while monitoring for
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the external signals. In response to detecting the at least one external signal, the awareness
module can determine a level of notification for an interruption notification of the virtual
reality application based on the at least one external signal. The awareness module can
receive context of the virtual reality application. A type for the interruption notification of
the wvirtual reality application can be determined based on the determined level of
notification and the context of the virtual reality application. The interruption notification
may be provided to the virtual reality application based on the determined type.

[0006] This Summary is provided to introduce a selection of concepts in a simplified
form that are further described below in the Detailed Description. This Summary is not
intended to identify key features or essential features of the claimed subject matter, nor is it
intended to be used to limit the scope of the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

{0007} Figure 1A illustrates an example operating environment in which real-world
awareness for virtual reality may be carried out.

{0008] Figure 1B illustrates an example operating architecture.

{0009] Figure 2 illustrates an example process flow for performing real-world
awareness for virtual reality.

{0010} Figure 3 illustrates an example mapping data structure used to map the type
of interruption notification.

[0011] Figures 4A-4D illustrate an example scenario of real-world awareness for
virtual reality.

{0012} Figure 5 an example computing system of a VR device. illustrate example
configurations of a VR device.

{0013] Figures 6A and 6B illustrate example configurations of a VR device.

DETAILED DESCRIPTION

{0014} Techniques and systems for providing real-world awareness for virtual
reality are disclosed. Virtual reality (VR) can isolate users from the outside world.
Advantageously, the described techniques and systems allow a user to remain immersed in
the VR environment, yet not feel apprehensive about working in a public space or busy
office environment. The described techniques and systems perform real-world awareness
for virtual reality by providing interruption notifications to a VR application. Indeed,
cameras, microphones, and other sensors can be utilized to let a user quickly "peek" into the
real world without leaving the VR environment. The “peek” into the real world can happen

instantly and without the user needing to remove any hardware.
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[{0015] Certain techniques set forth herein with respect to real-world awareness may
be described in the general context of computer-executable instructions, such as program
modules, executed by one or more computing devices including VR devices. Generally,
program modules include routines, programs, objects, components, and data structures that
perform particular tasks or implement particular abstract data types.

{0016} Alternatively, or in addition, the functionality, methods, and processes
described herein can be implemented, at least in part, by one or more hardware modules (or
logic components). For example, the hardware modules can include, but are not limited to,
application-specific integrated circuit (ASIC) chips, field programmable gate arrays
(FPGAS5), system-on-a-chip (SoC) systems, complex programmable logic devices (CPLDs)
and other programmable logic devices now known or later developed. When the hardware
modules are activated, the hardware modules perform the functionality, methods and
processes included within the hardware modules.

[0017] The described techniques and systems are applicable for any applications
running in a virtual reality environment, and are referenced to herein as “virtual reality
applications”. The virtual reality applications may be media applications (e.g., videos,
television, movies), gaming applications, and productivity applications. Productivity
applications include content creation and content consumption applications including, but
not limited to, word processing applications, spreadsheet applications, presentation
applications, note-taking application, whiteboard applications, email or messaging
applications, drawing applications, web browser applications, search and research
applications, and reader applications.

[{0018] An awareness module can determine that a virtual reality application is in
use. In response to determining that the virtual reality application is in use, the awareness
module can begin monitoring for external signals by at least accessing an available sensor
of a computing device. The awareness module can detect at least one external signal while
monitoring for the external signals. In response to detecting the at least one external signal,
the awareness module can determine a level of notification for an interruption notification
of the virtual reality application based on the at least one external signal. The awareness
module can receive context of the virtual reality application. A type for the interruption
notification of the virtual reality application can be determined based on the determined
level of notification and the context of the virtual reality application. The interruption
notification may be provided to the virtual reality application based on the determined type.

{0019] An “interruption” of a VR environment is anything that may take the user
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outside of their activity. An interruption may be, for example, a pause to operation or a pop-
up of audio or still or moving images from outside the application. A level of notification
refers to how important and/or urgent an interruption is to the user of a VR system. An
interruption notification refers to a notification provided to the user of a VR system of
information about the real-world surroundings. The interruption notification may include a
text-based or audio-based notification of an event and/or images or video of the real-world
environment. Through the described techniques, the interruption notification can vary in
intensity and form based on the context of operation of the device and the user interaction.

[0020] The described techniques and systems can optimize a VR experience around
the goal of respecting the user's intention and balancing their immersion with a desire to not
be completely isolated. A user immersed in a VR environment can be provided the ability
to interact with the real-world environment when the context calls for it, such as in an
emergency, necessary interaction (such as if the user is waiting for a friend when the friend
arrived), and in response to specific events.

{0021} An interruption notification can be initiated a variety of ways. A user may
ask for an interruption notification through, for example, a voice command, a gesture, or a
click. In some cases, the interruption notification may be initiated through a pre-set interval
or alarm. In some cases, the interruption notification may be initiated when a loud noise or
high amount of movement is detected. In some cases, the interruption notification may be
initiated when a keyword, such as a user’s name, “excuse me”, or “help!” is spoken or a VIP
face or voice is recognized. For example, a user may indicate that the awareness module
should always interrupt for a boss or a spouse.

[0022] For example, if a user is in a coffee shop working on a spreadsheet using a
VR device and a friend, boss, or spouse of the user walks in the coffee shop, as detected by
the external camera of the VR device and recognized by the system, an interruption
notification that the person of interest is in view may be provided to the user. A person of
interest can include a friend, a relative, a contact, colleague, a friend of a friend, a person
the user traded email with but isn’t included in the user’s contact list, even a celebrity, or a
felon, etc.

[0023] Further, different types of interruption notifications may be provided. For
example, for certain persons of interest, the VR device may show real-time video of the
surrounding in varying degrees of transparency so that the user can interact with those
persons of interest immediately. For other persons of interest, a simple interruption

notification on the side of the screen may be provided. In another example, if the context is
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that the user is working on a high-importance document or watching a live stream of an
important meeting, the interruption notification may be minimized so as not to interrupt the
work. But if context is that the user is watching a video of cats playing with a toy, then the
video may be paused, and live videos of the surrounding may be shown.

[0024] Figure 1A illustrates an example operating environment in which real-world
awareness for virtual reality may be carried out; Figure 1B illustrates an example operating
architecture. An awareness module 100 (e.g., awareness module 100A, awareness module
100B, and awareness module 100C) performing processes such as process 200 described
with respect to Figure 2 can be implemented by a system 101, which can be embodied as
described with respect to computing system 500 as described with respect to Figure 5.

[0025] Referring to Figure 1A, system 101 can include at least a processor 102,
storage media 104, a network interface system 106 (e.g., supporting a wired communication
or wireless communications such as Bluetooth, Wi-Fi, or other near-field communication),
a user interface system 108, a VR application 110 stored on the storage media 104, and an
operating system 112 stored on the storage media 104. System 101 can include or
communicate with one or more sensors 114 (e.g., sensor 114A, sensor 114B, and sensor
114C). System 101 can include or communicate with a mapping resource 116, which can
be managed by the awareness module 100. The mapping resource 116 may store a mapping
data structure that includes various types of interruption notifications associated with levels
of notification and VR application context.

[0026] Communication to and from system 101 may be carried out, in some cases,
via application programming interfaces (APIs). An API is an interface implemented by a
program code component or hardware component (hereinafter “API-implementing
component”) that allows a different program code component or hardware component
(hereinafter “API-calling component”) to access and use one or more functions, methods,
procedures, data structures, classes, and/or other services provided by the API-
implementing component. An API can define one or more parameters that are passed
between the API-calling component and the API-implementing component. The API is
generally a set of programming instructions and standards for enabling two or more
applications to communicate with each other and is commonly implemented over the
Internet as a set of Hypertext Transfer Protocol (HTTP) request messages and a specified
format or structure for response messages according to a REST (Representational state
transfer) or SOAP (Simple Object Access Protocol) architecture.

[0027] In some cases, the awareness module 100 (e.g., awareness module 100A) is
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part of the VR application 110. In some cases, the awareness module 100 (e.g., awareness
module 100B) is included as a layer on the operating system 112 as an application. In some
cases, the awareness module 100 (e.g., awareness module 100C) is a separate module
running on the same or a separate system.

[{0028] Referring to Figure 1A and Figure 1B, awareness module 100 can receive
VR application information 150, device input information 155, sensor information 160, and
context information 165. The information the awareness module 100 receives may be
received through a variety of channels and in a number of ways. The awareness module 100
communicates with the VR application 110, the OS 112, one or more sensors 114, context
resources (not shown), such as a social graph, enterprise graph, and user contacts list, or a
combination thereof, to obtain the information needed to perform real-world awareness for
virtual reality. It should be understood that access to context resources will be based on
permissions provided by the user.

[{0029] VR application information 150 can include detailed information about the
application, such as the current state. Device input information 155 can include user input,
for example, from input devices such as a VR controller, a mouse, track pad, keyboard, a
touch device for receiving a touch gesture from a user, a motion input device for detecting
non-touch gestures and other motions by a user, a microphone for detecting speech, and
other types of input devices and their associated processing elements capable of receiving
user input. Device input information 155 can also include information about battery
consumption.

{0030} Sensor information 160 may be received from one or more sensors 114. The
one or more sensors can include, for example, an optical sensor, a position sensor, a gaze
detection sensor, a microphone, a biometric sensor, an environmental sensor, or a multiple
and/or combination thereof. A more detailed description of potentially available sensors is
provided later.

{0031} The one or more sensors 114 may be included in or communicate with the
computing system 101. For example, in the HMD device described with respect to Figure
6A, one or more sensors may be included in the HMD device embedded in the headset. In
the HMD device described with respect to Figure 6B, one or more sensors may be included
in the HMD device and/or in a mobile device (e.g., removable smart phone) used to support
the HMD device.

[{0032] Context information 165 can include information from local resources or

external resources available via the network interface system 106 and can be obtained from
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a variety of sources. For example, the awareness module may access (when given
permission) a social graph, an enterprise graph, or one or more data resources, such as a
contact list, that are accessible over the Internet, other networks (private and/or public), or
even on a user’s local machine.

[{0033] The VR application 110 can include the awareness module (e.g., awareness
module 100A), be aware of the possibility of an awareness module or other application that
may want information of state (e.g., by providing APIs), or be closed to communication
with outside applications. For the case the VR application 110 provides APIs, the APIs may
involve general availability of state information or for when expecting communication with
an awareness module, the VR application 110 may provide a level of openness to
interruption.

[0034] In cases where the awareness module 100 (e.g., awareness module 100A) is
included in the VR application 110, the awareness module 100 can receive signals from the
VR application 110 for any VR application information 150. In this case, the awareness
module 100 may not need to receive device input information 155 to perform its analysis.

[0035] In cases where the awareness module 100 (e.g., awareness module 100B) is
included as a layer in the OS 112, the awareness module 100 may or may not have access
to activities of the VR application 110. In some cases, the VR application 110 is aware of
the awareness module and/or has APIs for querying or communicating about what is
happening in the VR application 110. In cases where the awareness module 100 has access
to the VR application 110, the awareness module 100 may receive signals from the VR
application 110. The awareness module 100 may contact the VR application 110 and ask
for the current status, for example, application state and other context (which may be
available via an API). As another example, the awareness module 100 may ask how
interruptible the user currently is (which may be available via an API). In some cases, the
VR application 110 has levels understood by both the awareness module 100 and VR
application 110 (e.g., interruption level 1, interruption level 2, interruption level
intermediate, etc.). In some cases, the request regarding how interruptible the user currently
is may be a request for what types of interruptions are available. The VR application 110
may then communicate VR application information 150 to the awareness module 100, such
as its current state or level of openness to interruption. For example, the VR application 110
may communicate what is currently happening or whether interruptions are allowed.

[{0036] In cases where the awareness module 100 (e.g., awareness module 100C) is

a separate module, the awareness module 100 may or may not have access to the VR
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application 110 and the OS 112. In cases where the awareness module 100 has access to the
VR application 110, the awareness module 100 may receive signals from the VR application
110. The awareness module 100 may contact the VR application 110 and ask for the current
status or openness to interruption. The VR application 110 may then communicate VR
application information 150 to the awareness module 100, such as its current state or level
of openness to interruption. For example, the VR application 110 may communicate what
is currently happening or whether interruptions are allowed.

[0037] In cases where the awareness module 100 does not have access to the VR
application 110, but has access to the OS 112, the awareness module 100 may receive
signals from the OS 112, such as the device input information 155 (that is being used by the
VR application 110). The awareness module 100 can analyze the received signals and
determine information about the VR application 110. For instance, the awareness module
100 may receive any VR signals the VR application 110 is using in the OS 112. Thus, even
though the awareness module 100 does not have access to the VR application 110, the
awareness module 100 may be able to see information about the VR application 110, such
as the intensity of a user’s actions through the device input information 155.

{0038} In cases where the awareness module 100 does not have access to both the
VR application 110 and the OS 112, the awareness module 100 may only have access to the
sensor information 160. Here, the sensor information 160 may or may not be via the same
sensors used by the computing system 101. In this case, the awareness module 100 may
receive signals from various sensors, such as an optical sensor or a microphone. The
awareness module 100 can then analyze the received signals to perform real-world
awareness.

{0039] Figure 2 illustrates an example process flow diagram for performing real-
world awareness for virtual reality. Referring to Figure 2, an awareness module, such as
implemented by system 101 as described with respect to Figure 1A, can perform process
200 for a VR application running on a computing device. The computing device can be any
computing device such as, but not limited to, a laptop computer, a desktop computer, a
tablet, a personal digital assistant, a smart phone, a smart television, a gaming console,
wearable device, headset, and the like. For example, the computing device may be a HMD-
based VR device, such as described with respect to Figures 6A and 6B.

{0040] To begin process 200, the awareness module can determine that a VR
application is in use (202). The determination can be made a number of ways. The awareness

module can receive one or more signals (e.g., VR application signals, OS signals, or sensor
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signals) and analyze the received signals to determine that the application is in use.

[0041] In one example, the awareness module may receive signals from one or more
sensors on the computing device, such as a proximity sensor such as an IR sensor or a
contact-based sensor such as a pressure sensor, indicating the user is wearing the headset.

[0042] In another example, the awareness module may receive signals from the VR
application indicating a user is currently operating the VR application. In yet another
example, the awareness module may receive signals from the OS indicating user interaction
with the VR application.

[0043] In response to determining that the VR application is in use (202), the
awareness module can begin monitoring (204) for external signals. The awareness module
can monitor for external signals by at least accessing an available sensor of the computing
device. The available sensor of the computing device can include, for example, an optical
sensor, a position sensor, a gaze detection sensor, a microphone, a biometric sensor, an
environmental sensor, or a combination thereof. A more detailed description of each of these
sensors is provided later.

[0044] As previously described, the computing device may include or communicate
with the available sensor. For example, in the HMD device described with respect to Figure
6A, the available sensor may be included in the HMD device. In the HMD device described
with respect to Figure 6B, the available sensor may be included in the HMD device and/or
in a mobile device (e.g., removable smart phone) used to support the HMD device.

[0045] Examples of external signals may include, but are not limited to, an audio
signal, a video signal, or a combination thereof. The external signals can include
information about the real-world, as opposed to a digital signal, such as a received email or
phone call. For example, in case where a user is operating a VR application in a coffee shop,
the external signals may include a video signal showing any other customer in the coffee
shop or an audio signal of the current noise level of the coffee shop. The external signals
may also include digital signals or biometric signals from, for example, a personal body
monitor or a smart watch.

{0046} In some cases, the awareness module may not actually perform the
monitoring. In this case, the awareness module may communicate with one or more services
that can perform the monitoring. For example, the awareness module may be triggered by
an event to start monitoring for external signals. Then, instead of the awareness module
performing the monitoring itself, the awareness module can tell another service capable of

performing the monitoring to start monitoring for external signals.
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{0047} In some cases, the awareness module will only monitor for external signals
when it determines there is a VR application in use. In other cases, the awareness module
may continuously monitor for external signals.

[0048] In some cases, the awareness module may be triggered to begin monitoring
for external signals for reasons other than determining that the VR application is in use. In
one example, the awareness module may have access (upon permission) to a user’s location
information and may begin monitoring anytime the user is in a public place, such as a
library, instead of at home. In another example, the awareness module may have access
(upon permission) to a user’s calendar. The awareness module can determine that the user
has a work meeting with a colleague soon and can start monitoring for external signals to
allow for an interruption notification when the colleague arrives. In yet another example,
the awareness module may have access to a user’s smart watch. The awareness module can
determine that the user is having a health issue, such as a rise in heart rate, and can start
monitoring for external signals.

{0049] While monitoring (204) for the external signals, the awareness module may
detect (206) at least one external signal (in any combination of described external signals).
As previously described, the at least one external signal may include an audio signal or a
video signal.

{0050] The external signals may also include digital signals. In some cases, the
awareness module may receive digital signals about weather information or news
information. For example, the awareness module may receive a news alert about a robbery
in the user’s area. In another example, the awareness module may receive a weather alert
about severe weather in the user’s area.

{0051} In response to detecting (206) the at least one external signal, the awareness
module may determine (208) a level of notification for an interruption notification of the
VR application based on the at least one external signal.

[0052] The awareness module may determine the level of notification for the
interruption notification by applying a signal analysis to the at least one external signal. The
awareness module can assign a notification value to a result of the signal analysis. Any result
of the signal analysis may be a potential interruption and a notification value can be assigned
to each of these potential interruptions (e.g., results). For each result with a notification
value that meets a threshold value, the awareness module can map the notification value to
an appropriate level of notification. The appropriate level of notification can be the

determined level of notification for the interruption notification.
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{0053] There may be a spectrum of information about the real-world that can have
different degrees of importance and urgency. The awareness module may be continuously
detecting audio signals and video signals and analyzing the signals to determine if the
notification values of the signals meet the threshold level.

[{0054] The signal analysis can include performing an analysis to identify different
aspects of the at least one signal. The signal analysis for an audio signal can include, for
example, identifying the volume level of the audio, identifying what words were spoken
and/or who spoke those words. For example, the audio signal analysis may identify that a
keyword was spoken, such as the name of the user of the VR application or the words
“excuse me” or “help.” The audio signal analysis may also identify that the noise level in a
particular room rose quickly. The audio signal analysis can be completed, for example, by
performing a voice recognition analysis, performing a speech-to-text analysis, or
performing a sound analysis. In some cases, the analysis is performed locally. In some cases,
the analysis is carried out by communication with various services available over the
Internet/network.

[0055] The signal analysis for a video signal can include, for example, identifying a
movement level or light level of the video and identifying one or more people or objects.
For example, the audio signal analysis may identify that a person is holding a gun, or, in a
case where everyone in the room starts rushing out, that there is a high level of movement.
The video signal analysis can be completed, for example, by performing a facial recognition
analysis or object recognition analysis on the video signal or performing a movement
analysis or light analysis. In some cases, the analysis is performed locally. In some cases,
the analysis is carried out by communication with various services available over the
Internet/network.

[0056] In some cases, the awareness module may detect the at least one external
signal and then send the detected external signal to a separate service to perform the analysis.
For example, the awareness module may detect an audio signal and then send the detected
audio signal to a speech-to-text service to have a speech-to-text analysis performed. The
speech-to-text service may then return the results of the analysis to the awareness module.

[0057] Once the signal analysis is performed, the notification value can be assigned
to the result. The notification value can be based on the importance and/or urgency of the
result. Results that are more important or more urgent will have a higher notification value
than less important or less urgent results.

{0058} In an example where the signal analysis includes performing a sound analysis

11
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on an audio signal to identify a sound level in the audio signal, the notification value can be
assigned based on the identified sound level. If the sound level is determined to be low (e.g.,
ambient noise), the assigned notification value will be low. If the sound level is determined
to be high, such as a loud noise (e.g., a gunshot or the sound of an object crashing to the
floor) or one or more people shouting, the assigned notification value will be higher. The
real-world awareness process can allow for the sound level can be continuously monitored
and provide an interruption notification for any sudden changes, such as a loud noise or
shouting.

[0059] In an example where the signal analysis includes performing a movement
analysis on a video signal to identify a movement level in the video signal, the notification
value can be assigned based on the identified movement level. If the movement level is
determined to be low, such as most people around the user sitting at tables or walking, the
assigned notification value will be low. If the movement level is determined to be high, such
as multiple people in a particular room running, the assigned notification value will be
higher. The real-world awareness process can allow for the movement level can be
continuously monitored and provide an interruption notification for any sudden changes,
such as a sudden high amount of movement.

{0060} In an example where the signal analysis includes performing an object
recognition analysis on a video signal to identify any objects in the video signal, the
notification value can be assigned based on the identified objects. If the object is determined
to be important, such as a person walks in with a gun, the assigned notification value will
be higher than if the object is determined to be a common object. The real-world awareness
process can allow for objects to be continuously monitored and provide an interruption
notification for any predetermined objects of interest, such as a gun.

[0061] In some cases, the signal analysis can also include obtaining and using user
context information to help determine what information is important and/or urgent to the
user, and thus what notification value to assign. In this case, the signal analysis can be
performed as described above. The awareness module can obtain user context information
and can use the obtained user context information to help determine how important and/or
urgent the results of the signal analysis are to the user.

{0062} The awareness module may obtain the user context information in a variety
of ways. The awareness module may access a social graph, an enterprise graph, or one or
more data resources, such as a contact list, that are accessible over the Internet, other

networks (private and/or public), or even on a user’s local machine.
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{0063} In an example where the at least one external signal is a video signal, the
awareness module may perform facial recognition on the video signal to identify one or
more people in the video. The awareness module can obtain user context information, such
as contact information of the user of the VR application. Based on the obtained user context
information, the awareness module can determine whether each of the one or more identified
people from the video signal is a person of interest to the user. For example, the system may
compare the results of the facial recognition to the user’s friends list (e.g., from a social
graph), the user’s contact list (e.g., email contacts, phonebook, enterprise graph), or even a
curated list set up by the user or another party to indicate the people of interest.

{0064] In one example where the at least one external signal is an audio signal, the
awareness module may perform voice recognition on the audio signal to identify one or
more people in the audio signal. The awareness module can obtain user context information,
such as contact information of the user of the VR application. Based on the obtained user
context information, the awareness module can determine whether each of the one or more
identified people from the audio signal is a person of interest to the user.

[0065] In another example where the at least one external signal is an audio signal,
the awareness module may perform a speech-to-text analysis on the audio signal to identify
one or more words spoken in the audio signal. The awareness module can obtain user
context information, such as contact information of the user of the VR application, or a list
of keywords. The keywords may be defined by the user or a default list. Based on the
obtained user context information, the awareness module can determine whether each of the
one or more identified words from the audio signal is important to the user, such as the name
of a contact of the user or one of the keywords.

{0066} In some cases, the awareness module may access a social graph of the user
to help determine the relationship an identified person has with the user.

{0067} The awareness module can assign the notification value based on whether
each of the identified people are determined to be a person of interest to the user and the
relationship of the identified person to the user. A person with a close relationship to the
user, such as a spouse or a boss, are likely to be more important to a user than a person that
does not have a close relationship. Therefore, a person with a close relationship to the user
is assigned a higher notification value.

{0068] In some cases, a result may be assigned a notification value and the
awareness module may then adjust the notification value based on the obtained user context

information. It should be understood that multiple types of analyses may be performed on
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each of the external signals.

{0069] The awareness module can receive (210) context of the VR application. The
context of the VR application can include, for example, a variety of settings information,
such as, but not limited to, a privacy level set by the user of the VR application, what the
user is currently working on, what information is currently being detected, the current
location of the user, or the current time.

[0070] Examples of information used to determine the level of openness a user is to
interruption can include, for example, whether the user giving a live presentation/phone call,
whether the user has set a “do not disturb” preference, whether the user is in a home/shell
type experience versus deeply into an immersive experience, what is scheduled on the user’s
calendar, and whether the user is active versus stationary.

[0071] The context of the VR application can be obtained a number of ways. In one
case, the context is obtained directly via API with VR application. In one case, the awareness
module can detect user inputs to the VR application. In one case, the awareness module may
access a social graph, an enterprise graph, or one or more data resources, such as a contact
list, that are accessible over the Internet, other networks (private and/or public), or even on
a user’s local machine to obtain context of the VR application. For example, the awareness
module may access an enterprise graph to help determine the importance of a project the
user is currently working on. In another example, the awareness module can access a
calendar of the user and an enterprise graph to determine if the user is currently in a meeting
and how important a meeting is.

{0072} The context of the VR application can be analyzed to determine, for example,
the type of VR application (e.g., media, gaming, etc.), a level of importance of a current
activity, or a level of productivity or immersion. This context information can be used to
determine how open the user of the VR application is likely to be to interruption.

[0073] In one case, the type of VR application can be used to determine how open
the user of the VR application is to interruption. For example, if the VR application is a
video game with high-intensity actions being performed, the user may be less open to
interruption than if the VR application is a media application with low-intensity actions
being performed, such as reading a book or watching a movie. In some cases, type of VR
application and the user’s actions can be analyzed to determine the intensity of the actions
being performed. For example, if the user input signals include a lot of selecting a button,
then the VR application may be determined to be a high-intensity application.

[0074] In some cases where the VR application is determined to be a low-intensity

14



10

15

20

25

30

WO 2019/199451 PCT/US2019/024164

application, the awareness module can also use context information about where the user is
in the VR application to determine how open the user is to interruption. In an example where
the user is watching a movie, the awareness module can determine that the user is at the
climax of the movie and is less open to interruption.

[0075] In one case, the awareness module can analyze the context information
obtained from accessing the graphs and/or data resources to determine a level of importance
for a current activity. In an example, the awareness module may access a user’s calendar to
determine the importance of a meeting the user is currently attending. In another example,
the awareness module may access the one or more data resources to determine the
importance of the user’s current location. In yet another example, the awareness module
may access an enterprise graph to determine the importance of a project the user is currently
working on.

{0076} The awareness module may also analyze the obtained context information to
determine the user’s level of productivity or immersion. In one example, the user may be
connected to a virtual conference call, such as a MICROSOFT SKYPE, GOOGLE
HANGOUTS, CISCO WEBEX, or AMAZON CHIME conference call, and may be less
open to interruption. In another example, the awareness module may determine that a user
isin a highly productive state and less open to interruptions because the user has been adding
content to a word document for an extended period of time. In yet another example, the
awareness module may determine that a user is in a highly immersive state and may be less
open to interruptions because the user has a presentation maximized or is watching a video
in full-screen. The awareness module can determine the presentation is maximized or the
video is being watched in full-screen, for example, by receiving a signal from the OS that a
full-screen API is being utilized.

[0077] The awareness module can determine (212) a type for the interruption
notification of the VR application based on the determined level of notification and the
context of the VR application. The interruption notification may be provided (214) to the
VR application based on the determined type. The awareness module can determine the type
for the interruption notification, for example, by accessing a mapping resource to identify
the type of interruption notification associated with the determined level of notification and
the context of the virtual reality application.

{0078] The mapping resource may store a mapping data structure that includes
various types of interruption notifications associated with levels of notification and VR

application context. The level of notification and VR application context may be mapped to
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a type of interruption notification a variety of ways. In one case, the level of notification
may indicate an initial type of interruption notification and the context of the VR application
can indicate the degree of “loudness” or intensity of the interruption notification. In one
case, the level of notification can indicate what the interruption notification will display and
the context of the VR application can indicate where the interruption notification will be
displayed. For example, the awareness module can match the determined level of openness
a user is to interruption to how "loud" to make the interruption to determine the type of
interruption notification to provide.

[0079] The interruption notification can vary in form and “loudness” or intensity.
Several different types of interruption notifications may be provided, such as, but not limited
to, a still image, a live video, an activity indicator, or an abstract representation. The live
video can include audio. The activity indicator may be a dot or pulse at the edge of a user’s
field of view. The abstract representation can include, for example, a volume or activity
indicator, an indicator of a number of people in the user’s field of view, or even display the
names of the people in the field of view based on facial recognition, voice recognition, or a
device fingerprint.

{0080} The type of interruption notification may vary in degree of “loudness” or
intensity. The degrees of “loudness” or intensity may include, but is not limited to, the size
of an image, video, or representation, the position of an image, video, or representation (e.g.,
an edge or a corner), the transparency of an image, video, or representation, with or without
audio, just an activity indicator, or just an abstract representation. In some cases, where
animation or motion is part of the interruption notification, the “loudness” or intensity may
include, but is not limited to, speed, frequency, and movement through the view space (e.g.,
amount of area or locations within the viewing area that the motion or animation covers
during its path).

{0081} In some cases where the user is immersed in a three-dimensional
environment, the awareness module can use distance or real-world size to determine the
type of interruption notification. For example, the interruption notification can be displayed
on a table in front of the user or blended into a distant wall.

{0082} Examples of interruption notifications can include a full-size video screen, a
still image that is 50% transparent, a still image that is positioned at the top corner of the
field of view. For example, if the interruption seems important and the user is not in a highly
immersed experience, a "loud" version of an interruption notification may be provided, such

as a large popover video with audio in the center of the user's field of view. If the user has
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set a “Do Not Disturb” preference, no interruption notification, or a very subtle interruption
notification, would be provided. It should be understood that the examples of interruption
notifications provided herein are included for the purpose of example and are not intended
to be limiting in any manner, as any other suitable interruption notification and/or
combination of interruption notifications may be utilized.

{0083] The type and/or degree of “loudness” can be pre-set or user selected. In some
cases, the type and/or degree of “loudness” is based on user preferences. For example, user
intervention can adjust the "loudness" of the interruption notification up or down from its
initial state.

{0084] Figure 3 illustrates an example mapping data structure used to map the type
of interruption notification. Referring to Figure 3, a simplified version of a mapping data
structure is shown. The mapping structure can be managed by the awareness module. In the
illustrated scenario of Figure 3, three levels of notification and four types of virtual reality
context is shown. The type of the interruption notification may be identified by mapping the
associated level of notification and the context of the VR application.

[0085] In this scenario, if the determined level of notification is “2” and the context
of the VR application is that the user is operating a low-intensity VR application, then the
type of notification provided to the user is a still image displayed at the center of the field
of view. In another example, if the determined level of notification is “3” and the context of
the VR application is that the user is operating a high-intensity VR application, then the type
of notification provided to the user is a still image with 50% transparency displayed at the
edge of the field of view. Categories of applications considered low-intensity and high-
intensity may be based on a list (that may be associated with the mapping) of application
types (e.g., media application, productivity application, gaming application, etc.) and/or
action/state of the virtual reality application.

{0086} Returning to Figure 2, the interruption notification may be provided (214) to
the VR application based on the determined type.

{0087] In some cases, when the interruption notification is provided to the VR
application, a pause command may be sent to the VR application. For example, if the
interruption notification is a full-screen notification and the user’s view of the VR
application is blocked, the awareness module may also send a pause command.

{0088] In some cases, instead of providing the interruption notification to the VR
application based on the determined type, the awareness module may send the VR

application a message that there is an interruption and the level of that interruption. The VR
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application can then determine how to incorporate the interruption into the VR application.

{0089] In some cases, the functionality may include a manual interruption, such as
a user-initiated interruption. For example, the user may be at a point between tasks, or just
curious, and decide to manually initiate a peek into the real world.

[{0090] Figures 4A-4D illustrate an example scenario of real-world awareness in
virtual reality. Referring to Figure 4A, a user 400 may run a VR application on a computing
device such as the VR devices described with respect to Figures 6A and 6B. In the illustrated
scenario, the user 400 is exploring Machu Picchu through a VR device while sitting in a
coffee shop. The user’s VR device field of view 410 is a simulated environment of Machu
Picchu and the user’s external environment 420 is the coftee shop.

{0091} Since the user is fully immersed in the VR environment, the user may want
to be provided with real-world awareness. To provide the real-world awareness, an
awareness module may determine that the VR application is in use and begin monitoring
for external signals.

{0092] Referring to Figure 4B, a person 430 may walk into the coffee shop. In this
scenario, since the user is immersed in the VR application, the person 430 is shown in only
the user’s external environment 420 and not the user’s field of view 410.

{0093} The awareness module may detect that the person 430 has entered the coffee
shop and can determine a level of notification to provide the user 400 based on the detected
person. The awareness module may detect that the person 430 entered the coffee shop by
receiving either a video signal or an audio signal. The awareness module may perform a
signal analysis on the received audio or video signal to determine a level of notification
corresponding to detecting the person 430 in the external environment. For example, the
awareness module may perform a signal analysis on the video signal, (through facial
recognition and obtaining user context information) to determine that the person 430 is a
colleague named “John Doe”.

{0094} The awareness module may also receive context of the VR application and
determine a type of interruption notification to provide the user 400 based on the level of
notification and the context of the VR application. For example, the awareness module may
determine that the user 400 is waiting to meet the person 430 for an important meeting (e.g.,
by accessing the calendar of user 100 or other source of meeting information that the access
module is given access to by the user 100).

[{0095] Referring to Figure 4C, an example interruption notification is provided to

the user 400 though the user’s field of view 410. In the illustrated scenario, an abstract
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representation 440 is provided to the user 400 in the lower corner of the field of view 410.
The abstract representation 440 displays a message “John Doe has arrived” to notify the
user 400 that the person 430 has arrived.

{0096} Referring to Figure 4D, an example interruption notification is provided to
the user 400 though the user’s field of view 410. In the illustrated scenario, a live video 450
is provided to the user 400 in the center of the field of view 410. The live video 440 streams
a camera view of the external environment 420 to notify the user 400 that the person 430
has arrived. In this case, the user 400 is provided a “peek” of the external environment 420
without removing the VR device.

{0097} Figure 5 illustrates an example computing system of a VR device; and
Figures 6A and 6B illustrate example head-mounted display-based VR devices that may be
used in certain implementations described herein. The illustrated VR devices are wearable
computing devices. Wearable computing devices with near-eye displays may also be
referred to as “head-mountable displays”, “head-mounted displays,” “head-mounted
devices,” or “head-mountable devices.” A head-mountable display places a graphic display
or displays close to one or both eyes of a wearer. To generate the images on a display, a
computer processing system may be used. Such displays may occupy a wearer's entire field
of view, or only occupy part of wearer's field of view. Further, head-mounted displays may
vary in size, taking a smaller form such as a glasses-style display or a larger form such as a
helmet, for example.

[0098] Referring to Figure 5, a computing system 500 of a VR device can include a
processing system 502, storage system 504 storing VR application 505 (e.g., VR application
110 as described with respect to Figure 1A) and awareness module 503 (e.g., awareness
module 100 as described with respect to Figures 1A and 1B), including instructions for
processes 200, display subsystem 506, input subsystem 508, communication subsystem 510,
and network interface and subsystem 512 (described in more detail below). Depending on
implementation, more or fewer of these systems may be included. Referring to Figures 6A
and 6B, a head-mounted display (HMD) can be worn by a user and can generate graphics,
such as a view of a virtual space, in a display portion of the HMD. The graphics presented
on a head-mounted display can cover a large portion or even all of a user' s field of view,
providing an immersive experience to the user.

{0099] Figures 6A and 6B illustrate example configurations of a VR device.
Referring to Figure 6A, a VR device 600 may provide an immersive experience and be in

the form of a mask. Referring to Figure 6B, a VR device 620 can include a slot or holder
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for receiving a smartphone; and include clips or other means for securing the smartphone to
the headset. The VR device can include straps or other structure to secure or attach the VR
device to a user’s head. The screen of the smartphone would thus be viewable to the user
much in the same way as a conventional HMD has an integrated screen. The smartphone
can be leveraged to support the VR applications and provide any of the computing elements
described with respect to Figure 5.

[0100] The HMD devices 600 and 620 can include an optical sensor system (not
shown) that may include one or more optical sensors. In one example, the optical sensor
system can include one or more outward facing optical sensors that may be configured to
acquire and detect the real-world background and/or physical space from a similar vantage
point (e.g., line of sight) as observed by the user through the lenses. The optical sensor
system may include a variety of sensors, such as one or both of a depth camera/sensor and
an RGB camera/sensor. In some cases, a high definition camera or other resolutions for
image sensing may be used.

{0101} The sensors included with the HMD devices 600 and 620 can support various
functionalities including head tracking to determine the 3D (three-dimensional) position and
orientation of the user’s head within the physical real-world space; and gaze tracking to
ascertain a direction of the user’s gaze.

{0102} For example, the HMD devices 600 and 620 can include a position sensor
system (not shown) that may include one or more position sensors such as accelerometer(s),
gyroscope(s), magnetometer(s), global positioning system(s) (GPS), multilateration
tracker(s) (not shown), and/or other sensors that output position sensor information useable
as a position, orientation, and/or movement of the relevant sensor.

{0103} When position sensor system includes one or more motion sensors (e.g.,
inertial, multi-axis  gyroscopic or acceleration sensors), movement and
position/orientation/pose of a user’s head may be detected when the user is wearing the
system.

{0104] The HMD devices 600 and 620 may further include a gaze detection
subsystem (not shown) configured for detecting a direction of gaze of each eye of a user or
a direction or location of focus. Gaze detection subsystem may be configured to determine
gaze directions of each of a user’s eyes in any suitable manner. For example, in the
illustrative example shown, a gaze detection subsystem includes one or more glint sources,
such as infrared light sources, that are configured to cause a glint of light to reflect from

each eyeball of a user, and one or more image sensors, such as inward-facing sensors, that
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are configured to capture an image of each eyeball of the user. Changes in the glints from
the user’s eyeballs and/or a location of a user’s pupil, as determined from image data
gathered using the image sensor(s), may be used to determine a direction of gaze.

{0105} In addition, a location at which gaze lines projected from the user’s eyes
intersect the external display may be used to determine an object at which the user is gazing
(e.g. a displayed virtual object and/or real background object). Gaze detection subsystem
may have any suitable number and arrangement of light sources and image sensors. In some
implementations, the gaze detection subsystem may be omitted.

[0106] The HMD devices 600 and 620 may include one or more microphones (not
shown) configured to detect sounds, such as voice commands from a user.

{0107} Position sensor system (including motion sensors), as well as microphone(s)
and gaze detection subsystem, also may be employed as user input devices, such that a user
may interact with the HMD devices 600 and 620 via gestures of the eye, neck and/or head,
as well as via verbal commands in some cases. These systems are represented as input
subsystem 508 in Figure 5.

[0108] The HMD devices 600 and 620 can be configured with one or more audio
transducers (e.g., speakers, earphones, etc.) (not shown) so that audio can be utilized as part
of the user experience.

{0109} The HMD devices 600 and 620 can further include a controller (not shown),
which includes components described with respect to computing system 500, such as
processing system 502 and storage system 504. Controller can be in communication with
the sensors, gaze detection subsystem, lenses, and/or other components through, for
example, a communications subsystem 510. The communications subsystem 510 can
operate with a network interface and subsystem 512 to facilitate the display system being
operated in conjunction with remotely located resources, such as processing, storage, power,
data, and services. That is, in some implementations, an HMD device can be operated as
part of a system that can distribute resources and capabilities among different components
and subsystems.

[0110] The HMD devices 600 and 620 may include instructions stored on the
storage system 504 for image production that direct the HMD devices 600 and 620 to display
virtual objects to the user, which are visually superimposed onto the physical environment
so as to be perceived at various depths and locations. The HMD devices 600 and 620 may
use stereoscopy to visually place a virtual object at a desired depth by displaying separate

images of the virtual object to both of the user’s eyes. To achieve the perception of depth,
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the instructions for image product may render the two images of the virtual object at a
rendering focal plane of the HMD devices 600 and 620, such that there is a binocular
disparity between the relative positions of the virtual object in the two images. For example,
this binocular disparity may be a horizontal disparity where the relative positions of the
virtual object in the two images is separated by a distance in the x axis direction. Here, the
x axis may be defined as the axis extending to the left and the right relative to the user, the
y axis extending upward and downward relative to the user, and the z axis extending forward
and backward relative to the user.

[0111] The horizontal disparity between the relative positions of the virtual object
in the two images will cause the user to perceive that the virtual object is located at a certain
depth within the viewed physical environment due to stereopsis. Using this stereoscopy
technique, the HMD devices 600 and 620 may control the displayed images of the virtual
objects, such that the user will perceive that the virtual objects exist at a desired depth and
location in the viewed physical environment.

{0112} Optical sensor information received from the optical sensor system and/or
position sensor information received from position sensor system may be used to assess a
position and orientation of the vantage point of the at least partially see-through stereoscopic
display relative to other environmental objects. In some embodiments, the position and
orientation of the vantage point may be characterized with six degrees of freedom (e.g.,
world-space X, Y, Z, pitch, roll, and yaw). The vantage point may be characterized globally
or independent of the real-world background. The position and/or orientation may be
determined with an on-board computing system (e.g., controller) and/or an off-board
computing system.

{0113} Furthermore, the optical sensor information and the position sensor
information may be used by a computing system to perform analysis of the real-world
background, such as depth analysis, surface reconstruction, environmental color and
lighting analysis, or other suitable operations. In particular, the optical and positional sensor
information may be used to create a virtual model of the real-world background. In some
embodiments, the position and orientation of the vantage point may be characterized relative
to this virtual space. Moreover, the virtual model may be used to determine positions of
virtual objects in the virtual space and add additional virtual objects to be displayed to the
user at a desired depth and location within the virtual world.

{0114} When the position sensor system includes GPS (not shown), the system can

use the GPS to determine a location of the HMD devices 600 and 620. This may help to
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identify real world objects, such as buildings, etc. that may be located in the user’s adjoining
physical environment.

[0115] A power management subsystem (not shown) may include one or more
batteries and/or protection circuit modules (PCMs) and an associated charger interface
and/or remote power interface for supplying power to components in the HMD devices 600
and 620.

j0116] It may be understood that sensors illustrated in, and described with respect
to, Figures 6A and 6B are included for the purpose of example and are not intended to be
limiting in any manner, as any other suitable sensors and/or combination of sensors may be
utilized to meet the needs of a particular implementation of a head-mounted VR device. For
example, biometric sensors (e.g., for detecting heart and respiration rates, blood pressure,
brain activity, body temperature, etc.) or environmental sensors (e.g., for detecting
temperature, humidity, elevation, UV (ultraviolet) light levels, etc.) may be utilized in some
implementations.

{0117] It is to be understood that the VR devices may include additional and/or
alternative sensors, cameras, microphones, input devices, output devices, etc. than those
shown without departing from the scope of the present arrangement. Additionally, the
physical configuration of a display device and its various sensors and subcomponents may
take a variety of different forms without departing from the scope of the present
arrangement.

[0118] As mentioned above, computing system 500 can implement a VR device,
including, but not limited to HMD devices 600 and 620.

[0119] Processing system 502 {e.g., processor 182 as descnbed with respect io
Figure 1 A) may include one or more physical processors (hardware) configured to execute
software instructions. Additionally or alternatively, the logic processor may include one or
more hardware logic circuits or firmware devices configured to execute hardware-
implemented logic or firmware instructions. Processors of the processing system 502 may
be single-core or multi-core, and the instructions executed thereon may be configured for
sequential, parallel, and/or distributed processing. Individual components of the processing
system 502 optionally may be distributed among two or more separate devices, which may
be remotely located and/or configured for coordinated processing. Aspects of the processing
system 502 may be virtualized and executed by remotely accessible, networked computing
devices configured in a cloud-computing configuration. In such a case, these virtualized

aspects are run on different physical logic processors of various different machines, it will
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be understood.

{0120} Processing system 502 includes one or more physical devices configured to
execute instructions. The processing system 502 may be configured to execute instructions
that are part of one or more applications, programs, routines, libraries, objects, components,
data structures, or other logical constructs. Such instructions may be implemented to
perform a task, implement a data type, transform the state of one or more components,
achieve a technical effect, or otherwise arrive at a desired result. When the instructions are
software based (as opposed to hardware-based such as implemented in a field programmable
gate array (FPGA) or digital logic), the instructions can be stored as software 505 in the
storage system S04.

{0121} Storage system 504 {¢ g, storage media 184 as described with respect to
Figure 1 Ay may include physical devices that are removable and/or built-in. Storage system
504 can include one or more volatile and non-volatile storage devices such as optical
memory (e.g., CD, DVD, HD-DVD, Blu-Ray Disc, etc.), semiconductor memory (e.g.,
RAM, SRAM, DRAM, ROM, EPROM, EEPROM, FLASH memory, etc.), and/or magnetic
memory (e.g., hard-disk drive, floppy-disk drive, tape drive, MRAM, etc.), or other mass
storage device technology. Storage system 504 may include dynamic, static, read/write,
read-only, random-access, sequential-access, location-addressable, file-addressable, and/or
content-addressable devices. It should be understood that a storage device or a storage
medium of the storage system includes one or more physical devices and excludes
propagating signals per se.

[0122] The storage system 504 can include an operating system 507 (e.g., OS 112
as described with respect to Figure 1A). Device operating systems generally control and
coordinate the functions of the various components in the computing device, providing an
easier way for applications to connect with lower level interfaces like the networking
interface. Non-limiting examples of operating systems include Windows® from Microsoft
Corp., Apple® iOS™ from Apple, Inc., Android® OS from Google, Inc., and the Ubuntu
variety of the Linux OS from Canonical.

[0123] It should be noted that the operating system may be implemented both
natively on the computing device and on software virtualization layers running atop the
native device operating system (OS). Virtualized OS layers, while not depicted in Figure 5,
can be thought of as additional, nested groupings within the operating system space, each
containing an OS, application programs, and APIs.

[0124] Aspects of processing system 502 and storage system 504 may be integrated
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together into one or more hardware-logic components. Such hardware-logic components
may include field-programmable gate arrays (FPGAs), program- and application-specific
integrated circuits (PASIC / ASICs), program- and application-specific standard products
(PSSP / ASSPs), system-on-a-chip (SOC), and complex programmable logic devices
(CPLDs), for example.

{0125] When included, display subsystem 506 may be used to present a visual
representation of data held by storage system 504. This visual representation may take the
form of a graphical user interface (GUI). As the herein described methods and processes
change the data held by the storage system, and thus transform the state of the storage
system, the state of display subsystem 506 may likewise be transformed to visually represent
changes in the underlying data. Display subsystem 506 may include one or more display
devices utilizing virtually any type of technology. Such display devices may be combined
with processing system 502 and/or storage system 504 in a shared enclosure, or such display
devices may be peripheral display devices. For VR device 600, the display subsystem 506
may be part of the headset. For VR device 620, the display subsystem 506 may be part of
the removable mobile device.

[0126] When included, input subsystem 508 (e.g., user interface system 108 of
Figure 1A) may include or interface with peripherals or input devices such as an input
controller, keyboard, or mouse. Input subsystem 508 may include or interface with selected
natural user input (NUI) componentry. Such componentry may be integrated or peripheral,
and the transduction and/or processing of input actions may be handled on- or off-board.
Example NUI componentry may include a microphone for speech and/or voice recognition;
an infrared, color, stereoscopic, and/or depth camera for machine vision and/or gesture
recognition, a head tracker, eye tracker, accelerometer, and/or gyroscope for motion
detection and/or intent recognition; as well as electric-field sensing componentry for
assessing brain activity; any of the sensors described above with respect to Figures 6A and
6B and/or any other suitable sensor.

[0127] When included, network interface and subsystem 512 (e.g., network
interface system 106 of Figure 1A) may be configured to communicatively couple
computing system 500 with one or more other computing devices. Network interface and
subsystem 512 may include wired and/or wireless communication devices compatible with
one or more different communication protocols. As non-limiting examples, the network
interface and subsystem 512 may be configured for communication via a wireless telephone

network, or a wired or wireless, near-field, local- or wide-area network. In some
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embodiments, the network interface and subsystem 512 may allow computing system S00
to send and/or receive messages to and/or from other devices via a network such as the
Internet.

[0128] Although the subject matter has been described in language specific to
structural features and/or acts, it is to be understood that the subject matter defined in the
appended claims is not necessarily limited to the specific features or acts described above.
Rather, the specific features and acts described above are disclosed as examples of
implementing the claims and other equivalent features and acts are intended to be within the

scope of the claims.
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CLAIMS

1. A method comprising:

determining that a virtual reality application is in use;

in response to determining that the virtual reality application is in use, begin
monitoring for external signals by at least accessing an available sensor of a computing
device;

detecting at least one external signal while monitoring for the external signals;

in response to detecting the at least one external signal, determining a level of
notification for an interruption notification of the virtual reality application based on the at
least one external signal;

receiving context of the virtual reality application;

determining a type for the interruption notification of the virtual reality application
based on the determined level of notification and the context of the virtual reality
application; and

providing the interruption notification to the virtual reality application based on the
determined type.

2. The method of claim 1, wherein the determining of the type for the interruption
notification of the virtual reality application comprises:

accessing a mapping resource storing a mapping data structure to identify the type
associated with the determined level of notification and the context of the virtual reality
application.

3. The method of claim 1, wherein the receiving of the context of the virtual reality
application comprises:

detecting user input signals to the virtual reality application or accessing a graph
structure.

4. The method of claim 1, wherein the determining of the level of notification for
the interruption notification of the virtual reality application comprises:

from the at least one external signal, applying a signal analysis;

assigning a notification value to a result of the signal analysis; and

for each result with a notification value that meets a threshold value, mapping the
notification value to an appropriate level of notification, the appropriate level being the level
of notification for the interruption notification.

5. The method of claim 4, wherein the at least one external signal is a video signal

and applying the signal analysis comprises:
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performing facial recognition on the video signal to identify one or more people in
the video signal;

obtaining user context information, wherein the user context information comprises
contact information of the user of the virtual reality application; and

determining whether each of the one or more identified people is a person of interest
to the user based on the obtained contact information; and

wherein assigning the notification value to the result of the signal analysis
comprises:

assigning the notification value based on whether each of the one or more
people are determined to be the person of interest and the relationship to the user.

6. The method of claim 4, wherein the at least one external signal is an audio signal
and applying the signal analysis comprises:

performing voice recognition on the audio signal to identify one or more people in
the audio signal;

obtaining user context information, wherein the user context information comprises
user contact information of the user of the virtual reality application; and

determining whether each of the one or more identified people is a person of interest
to the user based on the obtained contact information; and

wherein assigning the notification value to the result of the signal analysis
comprises:

assigning the notification value based on whether each of the one or more
people are determined to be the person of interest and the relationship to the user.

7. The method of claim 4, wherein the at least one external signal is a video signal
and applying the signal analysis comprises performing a movement analyses on the video
signal to identify a movement level in the video signal and wherein assigning the notification
value to the result of the signal analysis comprises assigning the notification value based on
the identified movement level.

8. The method of claim 4, wherein the at least one external signal is an audio signal
and applying the signal analysis comprises performing a sound analyses on the audio signal
to identify a sound level in the audio signal and wherein assigning the notification value to
the result of the signal analysis comprises assigning the notification value based on the
identified sound level.

9. A system comprising:

a processing system;
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a storage system; and

instructions for supporting real-world awareness stored on the storage system that,
when executed by the processing system, direct the processing system to:

determine that a virtual reality application is in use;

in response to determining that the virtual reality application is in use, begin
monitoring for external signals by at least accessing an available sensor of a
computing device;

detect at least one external signal while monitoring for the external signals;

in response to detecting the at least one external signal, determine a level of
notification for an interruption notification of the virtual reality application based on
the at least one external signal;

receive context of the virtual reality application;

determine a type for the interruption notification of the virtual reality
application based on the determined level of notification and the context of the
virtual reality application; and

provide the interruption notification to the virtual reality application based
on the determined type.

10. The system of claim 9, wherein the at least one external signal comprises at least
one of an audio signal or a video signal.

11. The system of claim 9, wherein the instructions that determine the type for the
interruption notification of the virtual reality application further direct the processing system
to:

access a mapping resource storing a mapping data structure to identify the type
associated with the determined level of notification and the context of the virtual reality
application.

12. The system of claim 9, wherein the instructions that receive of the context of the
virtual reality application further direct the processing system to:

detect user input signals to the virtual reality application or accessing a graph
structure.

13. The system of claim 9, wherein the instructions that determine of the level of
notification for the interruption notification of the virtual reality application further direct
the processing system to:

from the at least one external signal, apply a signal analysis;

assign a notification value to a result of the signal analysis; and
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for each result with a notification value that meets a threshold value, map the
notification value to an appropriate level of notification, the appropriate level being the level
of notification for the interruption notification.
14. One or more computer readable storage media having instructions stored thereon
that, when executed by a processor, direct the processor to at least:
determine that a virtual reality application is in use;
in response to determining that the virtual reality application is in use, begin
monitoring for external signals by at least accessing an available sensor of a computing
device;
detect at least one external signal while monitoring for the external signals;
in response to detecting the at least one external signal, determine a level of
notification for an interruption notification of the virtual reality application based on the at
least one external signal, wherein determining the level of notification for an interruption
notification comprises:
from the at least one external signal, apply a signal analysis,
assign a notification value to a result of the signal analysis, and
for each result with a notification value that meets a threshold value, map the
notification value to an appropriate level of notification, the appropriate level being
the level of notification for the interruption notification,
receive context of the virtual reality application;
determine a type for the interruption notification of the virtual reality application
based on the determined level of notification and the context of the virtual reality
application; and
provide the interruption notification to the virtual reality application based on the
determined type.
15. The media of claim 14, wherein the at least one external signal comprises at least

one of an audio signal or a video signal.
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