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ACCESSING A MODEL THAT IDENTIFIES A PLURALITY OF LEARNED 310
PATTERNS ASSOCIATED WITH THE GENERATION OF CORRESPONDING VR
CONTENT THAT ARE LIKELY TO CAUSE DISCOMFORT
EXECUTING A FIRST APPLICATION TO GENERATE FIRST VR CONTENT 320
EXTRACTING DATA ASSOCIATED WITH SIMULATED USER INTERACTIONS 330
WITH THE FIRST VR CONTENT
COMPARING THE EXTRACTED DATA TO THE MODEL TO IDENTIFY ONE OR 340

MORE PATTERNS IN THE EXTRACTED DATA MATCHING AT LEAST ONE OF
THE LEARNED PATTERNS FROM THE MODEL
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400

MONITORING PHYSIOLOGICAL MEASUREMENTS OF A PLURALITY OF
TESTERS WHEN INTERACTING WITH THE PLURALITY OF BASELINE
CONTENT, WHEREIN THE PLURALITY OF BASELINE CONTENT IS
ASSOCIATED WITH A PLURALITY OF BASELINE DISCOMFORT REACTIONS, 410
WHEREIN KNOWN PATTERNS OF PHYSIOLOGICAL MEASUREMENTS ARE
ASSOCIATED WITH EXPECTED DISCOMFORT REACTIONS

DETERMINING IN-CONTENT FEATURES OF THE PLURALITY OF CONTENT 420

BUILDING THE MODEL BY APPLYING THE MONITORED PHYSIOLOGICAL
MEASUREMENTS AND THE IN-CONTENT FEATURES INTO A DEEP
LEARNING ENGINE THAT IS CONFIGURED TO CORRELATE THE
PHYSIOLOGICAL MEASUREMENTS AND THE IN-CONTENT FEATURES, AND
LEARN A PLURALITY OF PATTERNS OF IN-CONTENT FEATURES THAT 430

PRODUCE A PLURALITY OF DISCOMFORT EXPERIENCES IN THE TESTERS

BASED ON THE PHYSIOLOGICAL MEASUREMENTS THAT ALIGN WITH THE
PLURALITY OF BASELINE DISCOMFORT REACTIONS, WHEREIN THE MODEL

OUTPUTS A CORRESPONDING SET OF DISCOMFORT EXPERIENCES FOR

CORRESPONDING CONTENT

FIG. 4
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CLASSIFYING A DISCOMFORT LEVEL OF A
USER WHEN INTERACTING WITH
VIRTUAL REALITY (VR) CONTENT

CLAIMS OF PRIORITY

[0001] The present application claims priority to and the

benefit of the commonly owned, patent application U.S. Ser.
No. 15/366,624, with filing date of Dec. 1, 2016, Attorney

Docket No. SONYP292, entitled “METHOD AND SYS-
TEM FOR CLASSIFYING VIRTUAL REALITY (VR)
CONTENT BASED ON MODELED DISCOMFORT OF A
USER”; which claims priority to and the benefit of the
commonly owned, provisional patent application, U.S. Ser.
No. 62/402,377, with filing date Sep. 30, 2016, Attorney
Docket No. SONYP292+, entitled “METHOD AND SYS-
TEM FOR CLASSIFYING VIRTUAL REALITY (VR)
CONTENT BASED ON MODELED DISCOMFORT OF A
USER WHEN INTERACTING WITH THE VR CON-
TENT™, all of which are herein incorporated by reference 1n
their entireties.

CROSS REFERENCES TO RELATED
APPLICATIONS

[0002] This application 1s related to commonly assigned,

co-pending U.S. patent application Ser. No. 15/085,899,
entitled “PERSONALIZED DATA DRIVEN GAME

TRAINING SYSTEM,” filed on Mar. 30, 2016, the disclo-
sure of which 1s hereby incorporated by reference in its
entirety.

TECHNICAL FIELD

[0003] The present disclosure 1s related to improving user
experience when interacting with virtual reality (VR) con-
tent, and the classification of VR content based on levels of
discomiort. Among other things, this disclosure describes
methods and systems for training a deep learning engine to
build a model configured for classifying VR content accord-
ing to predicted levels of discomiort associated with a
typical or predetermined type of user interacting with the VR
content, and wherein the model 1s also configured for
classitying or calibrating a user according to tested levels of
experienced discomfiort.

BACKGROUND OF THE DISCLOSURE

[0004] Computer generated virtual reality (VR) allows a
user to be immersed 1n a simulated real environment or an
imaginary environment, for example. With complete immer-
sion, the user 1s able to interact with the simulated or
imaginary environment, as if the user were present within
that VR environment. That 1s, the user 1s able to move and
look around the VR environment, and possibly interact with
objects within that VR environment.

[0005] VR systems can use some display system to let the
user view the VR environment. These display systems may
include a computer monitor or display screen that i1s pre-
sented 1 front of the user. When the display screen 1s
smaller, the VR experience of the user 1s hampered by visual
stimulation from the surrounding real environment (e.g.,
sunlight, objects in real space, etc.). The VR experience may
be 1mproved by increasing the display size to reduce the
influence of the surrounding real environment. Further, the
display system may be designed to block out stimulation
from the surrounding real environment. For example, a head
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mounted display (HMD) worn by a user 1s able to block out
light from the physical, real environment, and present a
stereoscopic screening system to the user for viewing the VR
environment 1n three dimensions (3D). These HMDs may
include viewing goggles mtegrated with a mounting system
that 1s worn on or over the head. Still other more complex
VR systems may be integrated with movement sensors that
allow a user to make moves 1n a real world that may then be
translated 1n some form to the world of VR. For instance,
hand gestures/movements may be used to interact with VR
objects, and moving through the real world (e.g., walking 1n
the physical environment) may be translated to similar
movement 1 the VR environment (e.g., walking or runming
in the VR environment).

[0006] VR systems have been embraced by various indus-
tries, such as the military, real estate, medicine, video
gaming, etc. Because the user can be totally immersed
within a VR environment, that VR environment may simu-
late a real environment for purposes of training, enjoyment,
and escape. For example, a VR system may be used for pilot
training in the military, surgical technique training within the
medical industry, showing a listing by a real estate agent, or
experiencing a vacation destination. In addition, the VR
environment may be used to simulate a completely 1magi-
nary environment, such as a fantasy world where characters
have super human powers. For example, the user may be
immersed within a video gaming VR environment that
allows the user to take on the skills and movements of a
gaming character within that VR environment. In that man-
ner, the user 1s able to extend the margins of reality by giving
the user the sense of 1imaginary movements and skills. This
1s analogous to having a disabled person feel as 1f he or she
were able to move (e.g., walk) within the VR environment.
[0007] However, the VR experience of a user will vary
with the type of VR content presented, and with the com-
patibility of the user for interacting with the VR content. In
some cases, VR content may induce sickness or discomiort
in the user that 1s akin to motion sickness experienced in the
physical, real world. The discomifort by the user may be due
in general to sensory cues (e.g., visual, auditory, etc.) that are
somehow not compatible with a specific user, though
research in the area has not determined exactly why these
cues may or may not be compatible. Further, because 1t 1s
unknown why VR content may induce discomiort by a
specific user, 1t 1s diflicult to predict whether VR content waill
induce user discomifort, or whether a user 1s susceptible to
discomifort when interacting with specific VR content.
[0008] It 1s 1n this context that embodiments of the dis-
closure arise.

SUMMARY

[0009] FEmbodiments of the present disclosure relate to
systems and methods for building a model through a deep
learning engine that i1s configured for predicting discomifort
ol a user when teracting with VR content, and for classi-
tying VR content based on predicted discomiort of a user as
determined by the model, and for using the model or a
corresponding form of the model to classily users based on
experienced discomiort when tested. Several inventive
embodiments of the present disclosure are described below.
[0010] In one embodiment, a method for classification of
virtual reality (VR) content for use in head mounted displays
(HMDs) 1s disclosed. The method includes accessing a
model that identifies a plurality of learned patterns associ-
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ated with the generation of corresponding baseline VR
content that 1s likely to cause discomfort. The method
includes executing a first application to generate first VR
content. The method includes extracting data associated
with simulated user interactions with the first VR content,
the extracted data generated during execution of the first
application. The method includes comparing the extracted
data to the model to identily one or more patterns in the
extracted data matching at least one of the learned patterns
from the model such that the one or more patterns are likely
to cause discomifort.

[0011] Further, the model 1s generated by applying deep
learning techniques. In one embodiment, the deep learning
technique disclosed includes executing a plurality of testing,
applications for interaction by a plurality of testers to
generate a plurality of baseline VR content. The deep
learning technique includes extracting testing data associ-
ated with tester interactions with the baseline VR content,
the extracted data generated during execution of the plurality
of testing applications. The deep learning technique includes
monitoring physiological measurements of the plurality of
testers when interacting with the plurality of baseline VR
content, wherein the plurality of baseline VR content 1s
associated with a plurality of baseline discomiort reactions,
wherein known patterns of physiological measurements are
associated with expected discomiort reactions. The deep
learning techmque includes applying the physiological mea-
surements and the extracted testing data associated with
tester interactions to a deep learning engine. The deep
learning technique includes correlating the physiological
measurements and the extracted testing data associated with
tester interactions to determine the plurality of learned
patterns that are likely to produce discomiort experiences in
the testers based on physiological measurements that align
with the plurality of baseline discomitort reactions. Further,
the model outputs a corresponding set of discomiort expe-
riences for corresponding content. The deep learning tech-
nique includes correlating a plurality of sets of discomfort
experiences with a plurality of levels of discomifort for the
model.

[0012] In one embodiment, another method for classifica-
tion of virtual reality (VR) content for use in HMDs 1s
disclosed. The method includes accessing a model that
identifies a plurality of learned patterns associated with the
generation of corresponding baseline VR content that is
likely to cause discomiort. The method includes processing
a first application to generate data associated with simulated
user interactions with first VR content of the first applica-
tion. The method includes comparing the extracted data to
the model to 1dentily a pattern 1n the extracted data matching,
at least one of the learned patterns, such that the identified
pattern 1s likely to cause discomfiort.

[0013] Other aspects of the disclosure will become appar-
ent from the following detailed description, taken in con-
junction with the accompanying drawings, illustrating by
way of example the principles of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The disclosure may best be understood by refer-
ence to the following description taken 1n conjunction with
the accompanying drawings 1n which:

[0015] FIG. 1A illustrates a system used for building a
discomifort and/or sickness recognition model through a
deep learming engine that 1s configured for correlating dis-
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comifort of a user when interacting with VR content, 1n
accordance with one embodiment of the present disclosure.
[0016] FIG. 1B illustrates a sensory system configured to
passively monitor physiological responses and feedback of
a test user when teracting with VR content, 1n accordance
with one embodiment of the present disclosure.

[0017] FIG. 1C conceptually 1llustrates the function of a
HMD 1n conjunction with the execution of an application
generating VR content, in accordance with an embodiment
of the mvention.

[0018] FIG. 1D illustrates an example neural network used
to build a discomiort recognition model through training
implemented by a deep learning engine, 1n accordance with
one embodiment of the present disclosure.

[0019] FIG. 1E illustrates the test data that 1s generated by
the system 100A of FIG. 1A, wherein the test data 1s used for
building a discomiort and/or sickness recognition model, in
accordance with one embodiment of the present disclosure.
[0020] FIG. 1F illustrates the application of a discomifort
recognition model to an application under test, wherein the
application generates VR content, for purposes of identify-
ing points in the application as executed that are associated
with patterns of VR content, and/or patterns of actions taken
or generated by the user 1n association with the generation
of that VR content, that induce discomfort and/or sickness,
in accordance with one embodiment of the present disclo-
sure.

[0021] FIG. 2A 1llustrates a system 200A configured for
classifying VR content based on the predicted discomiort
and/or sickness of users when viewing VR content as
learned by a deep learning engine 190, in accordance with
one embodiment of the present disclosure.

[0022] FIG. 2B illustrates a system configured for classi-
tying a user based on tested levels of discomfort that are
aligned with predicted levels of discomiort determined by a
discomiort recognition model that 1s built by a deep learning
engine, 1 accordance with one embodiment of the present
disclosure.

[0023] FIG. 3 1s a method for classifying VR content
based on the modeled level of discomifort determined by a
discomiort recogmition model that 1s built by a deep learning
engine, 1n accordance with one embodiment of the present
disclosure.

[0024] FIG. 4 1s a method for bwlding or training a
discomifort recognition model by a deep learning engine,
wherein the model 1s configured for determining and/or
correlating discomifort by a user when interacting with VR
content or patterns of VR content, 1n accordance with one
embodiment of the present disclosure.

[0025] FIG. S illustrates components of an example device
that can be used to perform aspects of the various embodi-
ments of the present disclosure.

[0026] FIG. 6 1s a diagram 1llustrating components of a
head-mounted display, in accordance with one embodiment
of the disclosure.

[0027] FIG. 7 1s a block diagram of Game System, accord-
ing to various embodiments of the disclosure. Game System
1s configured to provide a video stream to one or more
clients via a network.

DETAILED DESCRIPTION

[0028] Although the following detailed description con-
tains many specific details for the purposes of illustration,
anyone ol ordinary skill 1n the art will appreciate that many
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variations and alterations to the following details are within
the scope of the present disclosure. Accordingly, the aspects
of the present disclosure described below are set forth
without any loss of generality to, and without imposing
limitations upon, the claims that follow this description.

[0029] Generally speaking, the various embodiments of
the present disclosure describe systems and methods 1mple-
menting deep learning techniques to determine which VR
content induces user discomfort and/or sickness, and for
building a model to classify VR content based on predicted
user discomiort and/or sickness, and for building a model to
classity users based on personalized determinations (e.g.,
tested) of user discomiort and/or sickness when viewing VR
content. In particular, embodiments of the present disclosure
use physiological measurements (e.g., galvanic skin resis-
tance, brain waves, alpha brain waves, heart rate, eye gaze,
head motion, electrogastrography, etc.) of content testers as
inputs to a deep learning engine. For example, when the
testers interact with VR content (e.g., play a gaming appli-
cation), the physiological data i1s recorded along with data
from the VR content (e.g., visual data). The deep learning
engine looks at in-game features (e.g., horizon, avatar linear
and rotational accelerations, gravity motion of objects [bal-
listics data having gravity influences], field of view, stere-
oscopy, latency, etc.) 1in order to correlate the VR game
generated measurements (based on the in-game features)
with the physiological measurements.

[0030] Accordingly, embodiments of the present disclo-
sure provide for learning which VR content or patterns of
VR content will induce discomfort and/or sickness in users.
With this knowledge, a user can be classified based on
predicted levels of discomiort that user will experience
when viewing VR content in embodiments. This provides
for targeted content delivery (e.g., VR content, advertising,
etc.) to users, such as providing content to users who avoid
VR content classified as inducing discomiort and/or sickness
for that user. Further, with that knowledge, VR content can
be classified based on the predicted discomiort that 1s
associated with patterns contained in the VR content 1n
embodiments. That classification can be used to provide
notification to prospective users (e.g., customers), wherein
the noftification indicates what type of discomiort may be
experienced when viewing corresponding VR content. In
addition, that classification may be used during the devel-
opment phase of VR content to make sure that the deter-
mined classification matches a designed classification. For
example, a mismatch occurs when there 1s a technological
problem 1n the VR content (e.g., code, etc.), or when the VR
content contains material that induces discomifort and/or
sickness that does not match targeted discomifort and/or
sickness reactions. In that manner, VR content can be
designed for targeted users that fit a specific profile associ-
ated with similar discomfort and/or sickness reactions when
viewing VR content, and tested throughout the design cycle
to ensure that the VR content remains targeted to those users.
Also, the generation and design of VR content 1s improved
by providing a way to test VR content to discover technical
flaws 1n the VR content that 1s evidenced by a corresponding
mismatch between expected/designed and tested discomiort
and/or sickness.

[0031] Embodiments of the present invention are
described within the context of playing gaming applications
to generate VR content; however, 1t 1s understood that VR
content 1s not limited to gaming applications and encom-
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passes any type of VR content obtained from any source
(e.g., video, application, etc.).

[0032] With the above general understanding of the vari-
ous embodiments, example details of the embodiments will
now be described with reference to the various drawings.

[0033] FIG. 1Aillustrates a system 100A used for building
a discomifort and/or sickness recognition model through a
deep learning engine that 1s configured for correlating dis-
comifort of a user when interacting with VR content, 1n
accordance with one embodiment of the present disclosure.
System 100A can be implemented 1n a testing environment
in order to learn under what conditions users will experience
discomifort and/or sickness when viewing and/or interacting
with VR content, and then to apply that knowledge to build
models that can be used to classity VR content based on
predicted discomifort and/or sickness experienced by users
when 1nteracting with the VR content, and to classily a user
based on tested discomiort and/or sickness responses when
interacting with test VR content. The user classification can
be aligned with the VR content classification i order to give
a corresponding user the best experience when interacting
with VR content.

[0034] The testing environment includes a plurality of test
users that 1s subjected to a plurality of VR content. Each of
the test users 1s monitored using a corresponding test system.
For 1llustration, test user 105 1s monitored using test system

101a, and other test users are monitored using test systems
1015-1017, etc.

[0035] As arepresentative example of the plurality of test
systems (e.g., 101a-101#), test system 101a 1s described to
illustrate the monitoring of the test user 105 during interac-
tion with VR content 115. The VR content 115 includes one
or more baseline VR content, wherein each baseline content
1s associated with known or true discomfort and/or sickness
responses. Further, the VR content may be of any type,
including rendered images from gaming applications, vid-
cos, multimedia content, static 1images, etc.

[0036] Client device 100 1s configured for generating the
VR content 115. For example, the VR content may be
generated by an application (e.g., gaming application) run-
ning on the VR content engine 111 (e.g., game execution
engine). For example, the application 1s designed to produce
images that when viewed through a corresponding display
device (e.g., HMD 107 or display 112) can give a user a
three-dimensional VR viewing experience. In one imple-
mentation, the client device 100 may be a stand-alone
system configured to generate and/or play the VR content
(e.g., execute the code of a gaming application to render
images), or may request access to VR content over a network
(not shown), such as the internet, or for rendering VR
content received from an instance of an application (e.g.,
gaming application) executed by a back end server (e.g.,
implementing a virtual machine), and delivered to the dis-
play device 112 associated with user 105, or delivered to a
head mounted display (HMD) 107 that 1s configured to
display VR content. In some embodiments, the client device
100 may be an HMD.

[0037] Further, the client device 100 may receive put
from various types of mput devices, such as game control-
lers 106, tablet computers, keyboards, gestures captured by
video cameras, mice, touch pads, etc. Client device 100 can
be any type of computing device having at least a memory
and a processor module that 1s capable of generating and/or
playing the VR content 115. Some examples of client device
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100 include a personal computer (PC), a game console,
HMD, a home theater device, a general purpose computer,
a video recording player, mobile computing device, a tablet,
a phone, or any other types of computing devices that can
play the VR content 115. User interface 110 may be used for
playing the VR content, setting up testing, and/or used for
managing the collection of data mput into the discomiort
classification modeler 120.

[0038] In particular, client device 100 1s configured for
generating and/or receiving rendered images of VR content,
and for displaying the rendered images on display 112 or
HMD 107. For example, the rendered images may be
associated with an instance of a gaming application execut-
ing on the client device 100, or executing on a back end
game server in association with user 105. In the case of
interactive VR content, such as that associated with a
gaming application, client device 100 1s configured to inter-
act with the mstance of the video game executing on engine
111 and that 1s associated with game play of user 105, such
as through input commands that are used to drive game play.

[0039] During the interaction by user 105 with the VR
content 115, various data 1s monitored, wherein the data 1s
associated with the VR content 115 (e.g., rendered images,
etc.) and the user 105. The data may be monitored and
collected by client device 100, or directly by the discomifort
classification modeler 120. This data 1s input 1n the discom-
fort classification modeler 120 1n order to learn the VR
content and/or patterns of VR content that induce discomifort
and/or sickness 1n users. The data includes VR content that
1s generated,

[0040] For example, the VR content 1s monitored by test
system 101a to recognize patterns associated with VR
content that can then be correlated with data from test users
that experience discomiort and/or sickness, wherein a pat-
tern can include any type of VR content (e.g., static image,
sequence ol 1mages, etc.), or patterns of actions taken or
generated by the user in association with the generation of
that VR content. The patterns may be associated with
simulated user interactions with corresponding VR content.
Over time, 1f the same pattern of VR content (e.g., moving
horizon, etc.), or patterns ol actions, consistently induces
discomfort and/or sickness i1n the test users, then those
patterns can be labeled as producing discomifort and/or
sickness reactions in consumer users who interact with that
VR content. In one embodiment, the client device 100 1is
configured to monitor and parse out the patterns of VR
content, or patterns of actions taken or generated by the user
in association with the generation of that VR content, while
the VR content 1s being played or interacted with by the test
user 105. In another embodiment, the discom{tort classifica-
tion modeler 120, and more specifically, the deep learning,
engine 190 1s configured to monitor and parse out the
patterns of VR content, or patterns of actions taken or
generated by the user in association with the generation of
that VR content, while it 1s being played or interacted with
by the test user 105.

[0041] In addition, the test system 101a monitors physi-
ological data associated with the test user 1035 collected
during interaction with VR content 115. The physiological
data may be passively or actively monitored. Passive moni-
toring does not require help from the user, whereas active
monitoring requires user help.

[0042] In particular, in one embodiment test system 101a
1s configured to actively monitor physiological data, for
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example, through the use of actuator 109. For instance, as
the test user 105 1s interacting with VR content 1135, when
the test user 1s feeling discomiort and/or sickness, the user
may actively engage the actuator 109 (e.g., push a button).
The user may also be prompted to mput the degree of
discomifort/comfort and/or sickness felt during the interac-
tion with VR content 115 at various times (e.g., periodic,
random, specified, etc.) through user interface 110.

[0043] In another embodiment sensors 125 passively
monitor the physiological data while the test user 105 1s
interacting with VR content 115. FIG. 1B 1illustrates the
passive monitoring by the sensors 125 of physiological
responses and feedback of a test user 105 when interacting
with VR content, 1n accordance with one embodiment of the
present disclosure. For illustration, physiological data may
include galvanic skin resistance, brain activity (e.g., alpha
waves), heart rates, eye movement, head movement, elec-
trogastrography, etc. For example, electrogastrography and
galvanic skin resistance may measure the differences 1n
clectrical conductivity or characteristics of the skin and
muscles. In particular, more sweating will provide better
conductivity. Electrogastrography can measure the motility
of the GI tract muscle contractions which gives a strong
indication of nausea. It 1s possible that discomifort and/or
sickness caused by certain patterns of VR content 115 (e.g.,
acrobatic air plane simulation) by the test user 105 may
induce a change 1n the galvanic skin resistance, possibly due
to an increase 1n sweating. Further, brain activity may be
measured and recorded over time, to determine 1f there 1s
some correlation between the measured brain activity and
discomiort and/or sickness caused by certain patterns of VR
content 115. It 1s also possible that discomiort and/or sick-
ness may maniiest itself 1n certain eye or head motions, both
of which may exhibit slowness or abnormal movement. In
addition, the heart rate may exhibit certain patterns when the
test users are experiencing discomifort and/or sickness
caused by interaction with VR content. Though one item of
physiological data, or one type of physiological data may not
provide a definitive value 1n terms of making a correlation
between discomiort and/or sickness of a test user and
patterns of VR content, over time the certain physiological
data or combinations of diflerent types of physiological data
collected over many test cases of interactions of test users
with VR content will produce more reliable correlations
between discomifort and/or sickness and patterns of VR
content.

[0044] Further, the test data collected 1n association with
the VR content 115 and the physiological data from the test
user 105 can be correlated, such that an association can be
made between a specific pattern of VR content, or patterns
of actions taken by the user in association with the VR
content, and physiological reactions, wherein the VR con-
tent may induce a measured physiological reaction in the test
user 105. For example, a time stamp may be collected in
association with both the collected test data associated with
the VR content 115 and the physiological data of test user
105, wherein data with corresponding and possibly lagging
time stamps may be correlated with each other. In particular,
discomiort classification modeler 120 1s configured to learn
what types and/or patterns of VR content, or patterns asso-
ciated with the generation of or interaction with VR content,
or patterns associated with simulated or tested user interac-
tions with corresponding VR content, 1s likely to induce
discomifort and/or sickness 1n a user. These 1dentified pat-
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terns may be included within a discomifort model 220 that
can be used to identily points 1n an application under test
that might induce discomiort and/or sickness in a user. The
discomiort classification modeler 120 1s further described

below 1n relation to FIGS. 1D-1F.

[0045] FIG. 1C conceptually 1llustrates the function of a
HMD 102 1n conjunction with the generation of VR content
(e.g., execution of an application and/or video game, etc.)
and the testing of VR content to determine patterns of VR
content, or what actions taken or generated by the user 1n
association with the generation of VR content, 1s likely to
induce discomifort and/or sickness 1n a user, in accordance
with an embodiment of the invention. Data collected in
association with the generation of VR content 115 by the VR
content engine 111 may be used for identification of VR
content or patterns associated with VR content 115 that may
induce user discomiort (e.g., nausea, motion sickness, etc.).
In some implementations, the VR content engine 111 1is
being executed on a client device 100 (not shown) that 1s
communicatively coupled to the HMD 102, as previously
described. For example, the VR content engine 111 execut-
ing an application may be a gaming engine executing a video
game, and 1s configured to receive mputs to update a game
state of the video game. The gaming engine may be a
gaming console, or back end gaming server, as previously
described. The game state of the video game can be defined,
at least 1n part, by values of various parameters of the video
game which define various aspects of the current gameplay,
such as the presence and location of objects, the conditions
of a virtual environment, the triggering of events, user
profiles, view perspectives, actions taken by the user 105,
controller actions, gaze tracking information, efc.

[0046] In the illustrated embodiment, the VR content
engine 111 receives, by way of example, controller input
161, audio mput 162 and motion mput 163. The controller
input 161 may be defined from the operation of a gaming
controller separate from the HMD 102, such as a hand-held
gaming controller 104 (e.g., Sony DUALSHOCK® 4 wire-
less controller, Sony PlayStation® Move motion controller)
or wearable controllers, such as wearable glove interface
controller, etc. By way of example, controller input 161 may
include directional 1nputs, button presses, trigger activation,
movements, gestures or other kinds of inputs processed from
the operation of a gaming controller. The audio mput 162
can be processed from a microphone 151 of the HMD 102,
or from a microphone included 1n the 1mage capture device
108 or elsewhere within the local system environment. The
motion mput 163 can be processed from a motion sensor 159
included in the HMD 102, or from 1mage capture device 108
as 1t captures 1mages of the HMD 102. For example, the
motion sensor 159 may include an 1nertial sensor configured
to capture acceleration data of the HMD 102 that 15 asso-
ciated with head movement of the user 105. In addition,
image capture device 108 may be configured for head
tracking to monitor head movement of the user 105. The VR
content engine 111 (e.g., executing a gaming application)
receives puts which are processed according to the con-
figuration of the game engine to update the game state of the
video game. The engine 111 outputs game state data to
various rendering modules which process the game state

data to define content which will be presented to the user
105.

[0047] In the illustrated embodiment, a video rendering
module 183 1s defined to render a video stream including VR
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content 115, which when presented on the HMD 102 gives
a user 105 a three dimensional VR experience. A lens of
optics 170 in the HMD 102 1s configured for viewing the VR
content 115. A display screen 175 1s disposed behind the lens
of optics 170, such that the lens of optics 170 1s between the
display screen 175 and an eve 160 of the user 105, when the
HMD 102 1s worn by the user 103. In that manner, the video
stream may be presented by the display screen/projector
mechanism 175, and viewed through optics 170 by the eye
160 of the user 105. An HMD user 105 may elect to interact
with the interactive VR content (e.g., VR video source,
video game content, etc.) by wearing the HMD and selecting
a video game for game play, for example. Interactive virtual
reality (VR) scenes from the video game are rendered on the
display screen 175 of the HMD. In that manner, the HMD
allows the user 105 to completely immerse 1n the game play
by provisioning display mechanism of the HMD 1n close
proximity to the user’s eyes. The display regions defined in
the display screen of the HMD for rendering content may
occupy large portions or even the entirety of the field of view
of the user 105. Typically, each eye 1s supported by an
associated lens of optics 170 which 1s viewing one or more
display screens.

[0048] An audio rendering module 182 is configured to
render an audio stream for listening by the user 105. In one
embodiment, the audio stream 1s output through a speaker
152 associated with the HMD 102. It should be appreciated
that speaker 152 may take the form of an open air speaker,
headphones, or any other kind of speaker capable of pre-
senting audio.

[0049] In one embodiment, a gaze tracking camera 165 1s
included in the HMD 102 to enable tracking of the gaze of
the user 105. Although only one gaze tracking camera 165
1s 1ncluded, 1t should be noted that more than one gaze
tracking camera may be employed to track the gaze of the
user 105. The gaze tracking camera captures images of the
user’s eyes, which are analyzed to determine the gaze
direction of the user 105. In one embodiment, information
about the gaze direction of the user 105 can be utilized to
allect the video rendering. For example, if a user’s eyes are
determined to be looking in a specific direction, then the
video rendering for that direction can be prionitized or
emphasized, such as by providing greater detail or faster
updates in the region where the user 105 1s looking. It should
be appreciated that the gaze direction of the user 105 can be
defined relative to the head mounted display, relative to a
real environment 1n which the user 105 is situated, and/or
relative to a virtual environment that 1s being rendered on the
head mounted display.

[0050] Broadly speaking, analysis of images captured by
the gaze tracking camera 192, when considered alone,
provides for a gaze direction of the user 105 relative to the
HMD 102. However, when considered in combination with
the tracked location and orientation of the HMD 102, a
real-world gaze direction of the user 105 can be determined,
as the location and orientation of the HMD 102 1s synony-
mous with the location and orientation of the user’s head.
That 1s, the real-world gaze direction of the user 1035 can be
determined from tracking the positional movements of the
user’s eyes and tracking the location and orientation of the
HMD 102. When a view of a virtual environment 1s rendered
on the HMD 102, the real-world gaze direction of the user
105 can be applied to determine a virtual world gaze
direction of the user 105 1n the virtual environment.
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[0051] Additionally, a tactile feedback module 181 1is
configured to provide signals to tactile feedback hardware
included 1n either the HMD 102 or another device operated
by the HMD user 103, such as a controller 104. The tactile
teedback may take the form of various kinds of tactile
sensations, such as vibration feedback, temperature feed-
back, pressure feedback, etc.

[0052] Further, test data collector 118 1s configured to
monitor and store test data associated with interaction with
VR content by the user 105 (e.g., real or simulated). In

particular, data may include measurements from physiologi-
cal sensors 1235 located both within HMD 102 and outside of

the HMD 102 and from actuator 109, all of which collect
information about the physiological state of user 105. Addi-
tionally, data may include metadata associated with the
generation of VR content, and the mteraction of the user 105
with that VR content 115. For example, metadata may
include game state data, conditions of the virtual environ-
ment, user profiles, view perspectives, change of view
perspectives, actions taken by the user 105 (e.g., jump,
double jump, move, run, walk, stand, turn, rotate head down
or up or around, crawl, free fall, twist, tumble, somersault,
etc.), sequence of actions taken by user 105, controller
actions, gaze tracking information of user 105, eftc.

[0053] FIG. 1D illustrates an example neural network used
to build a discomiort recognition model through training
implemented by the deep learning engine 190 of the dis-
comfort classification modeler 120, in accordance with one
embodiment of the present disclosure. In particular, the
discomiort classification modeler 120 i system 100A of
FIG. 1A 1s configured to learn what types or patterns of VR
content, and/or what actions taken or generated by the user
in association with the generation of VR content 1s likely to
induce discomifort and/or sickness 1n a user (generic, spe-
cific, etc.). The discomiort classification modeler 120 may
be any computing device, mncluding a back-end server
computing device that 1s coupled to each of the test systems
101a-1017 directly or through a network (e.g., local net-
work, iternet, etc.).

[0054] Specifically, the deep learning engine 190 in the
discomiort classification modeler 120 1s configured to ana-
lyze mputs generated from test users interacting with base-
line VR content that has predetermined or true user discom-
fort and/or sickness responses. As previously described, the
inputs iclude data collected 1n association with the genera-
tion of VR content (e.g., patterns ol VR content, and patterns
of actions taken or generated by the user 1n association with
the generation of the VR content) and physiological data
collected passively by the sensors 125 or actively through
the actuator 109. As such, instead of learning why users will
react with discomfort and/or sickness when interacting with
VR content, the deep learning engine 190 of the discomfort
classification modeler 120 1s able to recognize which VR
content (e.g., types and/or patterns of VR content generated
in association with actions taken or generated by the user)
when interacted with (e.g., viewing) and/or patterns of
actions taken or generated by the user 1n association with the
generation of that VR content will cause a user (e.g., generic
user, user of a certain type, etc.) to experience discomiort
and/or sickness reactions. These patterns are included within
a discomiort model 220. In addition, that recognition allows
the discomifort classification modeler 120 to build and/or
configure the deep learning engine 190 as a content classi-
fication model 121. In addition, the discomfort classification
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modeler 120 1s configured to build and/or configure the deep
learning engine 190 as a user classification model 122. The
models 220, 121 and 122 are related in that they rely on the
same recognition of which VR content when interacted waill
cause a user to experience discomiort and/or sickness reac-
tions.

[0055] As previously introduced, associated VR content
data (e.g., patterns of VR content, and/or patterns of actions
taken or generated by the user in association with the
generation of VR content) and physiological data collected
passively by the sensors 125 or actively through the actuator
109 are fed to the deep learning engine 190. The deep
learning engine 190 utilizes artificial intelligence, including
deep learning algorithms, reinforcement learming, or other
artificial intelligence-based algorithms. In that manner, dur-
ing the learning phase, data 1s collected from test users that
interact with baseline VR content, wherein the baseline VR
content 1s associated with predetermined and expected dis-
comifort and/or sickness reactions. Data 1s also collected
from the VR content engine 111 (e.g., patterns of VR
content, metadata, patterns of actions taken or generated by
the user 1n association with the generation of VR content,
etc.). The data 1s used by the deep learning engine 190 to
predict discomiort and/or sickness reactions by users given
a set of mput data. Analysis on the collected data by the deep
learning engine 190 may be continually performed to pro-
vide updated analytics used for learning which VR content,
patterns of VR content, patterns associated with the genera-
tion of or interaction with VR content, or patterns associated
with simulated or tested user interactions with correspond-
ing VR content, will induce discomfort and/or sickness in
users by modifying internal parameters used by the deep
learning engine 190. As such, by learning which VR content,
patterns associated with the generation of VR content or
simulated or tested user interactions, or patterns of VR
content induce discomfort and/or sickness 1n users, the deep
learning engine 190 1s able to build models that classify VR
content, and classily users during a modeling phase.

[0056] The neural network 190 represents an example of
an automated analysis tool for analyzing data sets to deter-
mine which VR content or patterns of VR content will
induce discomifort and/or sickness in users. Diflerent types
of neural networks 190 are possible. In an example, the
neural network 190 supports deep learning that may be
implemented by deep learning engine 190. Accordingly, a
deep neural network, a convolutional deep neural network,
and/or a recurrent neural network using supervised or unsu-
pervised training can be implemented. In another example,
the neural network 190 includes a deep learming network
that supports reinforcement learning. For instance, the neu-
ral network 190 1s set up as a Markov decision process
(MDP) that supports a reinforcement learning algorithm.

[0057] Generally, the neural network 190 represents a
network of interconnected nodes, such as an artificial neural
network. Each node learns some mformation from data.
Knowledge can be exchanged between the nodes through
the mterconnections. Input to the neural network 190 acti-
vates a set of nodes. In turn, this set of nodes activates other
nodes, thereby propagating knowledge about the mput. This
activation process 1s repeated across other nodes until an
output 1s provided.

[0058] As 1illustrated, the neural network 190 includes a
hierarchy of nodes. At the lowest hierarchy level, an input
layer 191 exists. The input layer 191 includes a set of mput




US 2023/0414899 Al

nodes. For example, each of these input nodes 1s mapped to
VR content data and physiological data collected passively
by the sensors 125 or actively through the actuator 109
collected during interactions of test users with VR content
(e.g., video game or gaming application, etc.).

[0059] At the lughest lierarchical level, an output layer
193 exists. The output layer 193 includes a set of output
nodes. An output node represents a decision (e.g., predic-
tion) that relates to one or more components of a user game
play profiler, for example. As previously described, the
output nodes may 1dentity the state of the test user with
reference to discomiort and/or sickness. That 1s, given a set
of 1mputs the output nodes 1ndicate the level of discomiort
and/or sickness state a user 1s predicted to experience as
determined by the deep learning engine 190. These results
can be compared to predetermined and true discomiort
and/or sickness reactions 1n order to refine and/or modily the
parameters used by the deep learning engine 190 to 1tera-
tively determine which VR content or patterns of VR content
will induce discomfort and/or sickness 1n users. That 1s, the
nodes in the neural network 190 learn the parameters of the
model that can be used to make such decisions when refining,
the parameters.

[0060] In particular, a hidden layer 192 exists between the
input layer 191 and the output layer 193. The hidden layer
192 1ncludes “N”” number of hidden layers, where “N”” 1s an
integer greater than or equal to one. In turn, each of the
hidden layers also includes a set of hidden nodes. The input
nodes are interconnected to the hidden nodes. Likewise, the
hidden nodes are interconnected to the output nodes, such
that the mput nodes are not directly interconnected to the
output nodes. If multiple hidden layers exist, the imnput nodes
are mnterconnected to the hidden nodes of the lowest hidden
layer. In turn, these hidden nodes are interconnected to the
hidden nodes of the next hidden layer, and so on and so
forth. The hidden nodes of the next highest hidden layer are
interconnected to the output nodes. An interconnection
connects two nodes. The interconnection has a numerical
weight that can be learned, rendering the neural network 190
adaptive to mputs and capable of learnming.

[0061] Generally, the hidden layer 192 allows knowledge
about the imput nodes to be shared among all the tasks
corresponding to the output nodes. To do so, a transforma-
tion f 1s applied to the input nodes through the hidden layer
192, in one implementation. In an example, the transforma-
tion f 1s non-linear. Different non-linear transformations f
are available including, for instance, a rectifier function
F(x)=max(0,x).

[0062] The neural network 190 also uses a cost function ¢
to find an optimal solution. The cost function measures the
deviation between the prediction that 1s output by the neural
network 190 defined as {(x), for a given input x and the
ground truth or target value y (e.g., the expected result). The
optimal solution represents a situation where no solution has
a cost lower than the cost of the optimal solution. An
example of a cost function 1s the mean squared error
between the prediction and the ground truth, for data where
such ground truth labels are available. During the learning
process, the neural network 190 can use back-propagation
algorithms to employ different optimization methods to
learn model parameters (e.g., the weights for the intercon-
nections between nodes in the hidden layers 192) that
mimmize the cost function. An example of such an optimi-
zation method 1s stochastic gradient descent.
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[0063] In an example, the training dataset for the neural
network 190 1s from a same data domain. For instance, the
neural network 190 1s trained for learming which VR content
or patterns of VR content will induce discomiort and/or
sickness 1n users. In this illustration, the data domain
includes test session data collected for interactions of test
users with baseline VR content. In another example, the
training dataset 1s from different data domains. For instance,
the neural network 190 1s trained for gaming applications, or
for a genre of gaming applications.

[0064] As such, the neural network 190 may predict or
determine which VR content, patterns of VR content, pat-
terns associated with the generation of or interaction with
VR content, or patterns associated with simulated or tested
user interactions with corresponding VR content, and/or
patterns of actions taken or generated by the user 1n asso-
ciation with the generation of that VR content, induces user
discomfort and/or sickness. These patterns identified as
inducing discomiort and/or sickness are included within a
discomiort model 220. Based on these predictive results, the
neural network 190 may also define a predictive model (e.g.,
content classification model 121) that 1s used to classily VR
content based on the predicted user discomiort and/or sick-
ness. Further, the neural network 190 may also define a
predictive model (e.g., user classification model) that 1s used
to classify users based on personalized and predicted deter-

minations of user discomfort and/or sickness when viewing
VR content.

[0065] FIG. 1E 1illustrates the test data that 1s generated by
the system 100A of FIG. 1A, wherein the test data 1s used for
building a discomiort and/or sickness recognition model, in
accordance with one embodiment of the present disclosure.
As shown, one or more testers (e.g., tester-a through tester-
N) interact with one or more test applications (e.g., gaming
applications G-1 through G-n). For example, the testers
interact with corresponding VR content that 1s executing on
client device 100 using HMD 102. That 1s, 1n one embodi-
ment, one application may be used by one or more testers to
generate data used for building a discomiort and/or sickness
recognition model. In another embodiment, more than one
application may be used by one or more testers to generate
the data used to build a discomiort and/or sickness recog-
nition model that 1s configured 1n part to i1dentity VR
content, patterns of VR content, patterns associated with the
generation of or interaction with VR content, or patterns
associated with simulated or tested user interactions with
corresponding VR content, and/or patterns of actions taken
or generated by the user 1n association with the generation
of that VR content, that induce discomtfort and/or sickness.

[0066] As shown, tester-a 1s iteracting with VR content
115a shown by line 115a' that 1s generated from a corre-
sponding application, such as gaming application G-1. For
illustration purposes only, line 1154' 1s shown as one curved
line having peaks and valleys. The path of line 115a' may be
analogous to the progress through the gaming application
(-1. More importantly, at each point along line 1154' there
1s associated portions of VR content 1154 that 1s generated
and displayed 1n response to tester-a interaction. Also, at
cach point, there are associated actions taken or generated by
the user 1n association with the generation of that VR content
115a. In particular, specific points 1dentified with an open
circle on the curved line showing portions of VR content
115a correspond to monitored physiological data (passively
or actively collected) indicating discomiort and/or sickness
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in tester-a during his or her interaction with VR content
115a. A snapshot of information may be collected for each
point along line 1154', including associated VR content,
metadata, physiological data, actions taken or generated by
the user 1n association with generation of VR content 115a,
etc., as previously described. This data may be delivered to
the discomiort classification modeler 120 and correlated
with other data collected from the other testers to 1identify or
predict patterns of VR content and/or actions taken or
generated by the testers 1n association with generation of or
interaction with VR content that induce discomiort and/or
sickness.

[0067] Similarly, other testers are interacting with other
VR content generated by one or more applications G-1
through G-n, and generating data used for identilying or
predicting VR content, patterns of VR content, patterns
associated with the generation of or interaction with VR
content, or patterns associated with simulated or tested user
interactions with corresponding VR content, and/or patterns
of actions taken or generated by the simulated or test user 1n
association with the generation of that VR content that
induce discomfort and/or sickness. For example, tester-b 1s
interacting with VR content 1156 shown by line 1155,
tester-c 1s interacting with VR content 115¢ shown by line
115¢', . . . and tester-n 1s interacting with VR content 1157
shown by line 1157'. Data collected 1n association with each
of the VR contents 115a-115% 1s delivered to the discomiort
classification modeler 120, for example. For purposes of
illustration, tester-a, tester-b and tester-c may be interacting
with VR content generated from one application, such as
(G-1. This 1s shown by the similar shapes to curved lines
1154', 1155' and 115¢'. In addition, tester-n 1s interacting
with VR content generated from a separate application, such

as (5-3.

[0068] Whether 1t 1s one application used for testing, or
multiple applications used for testing, the discomfort clas-
sification modeler 120 1s able to identify or predict VR
content, patterns of VR content, patterns associated with the
generation of or interaction with VR content, or patterns
associated with simulated or tested user interactions with
corresponding VR content, and/or patterns of actions taken
or generated by the user 1n association with the generation
of that VR content that reliably induce discomifort and/or
sickness 1n the testers. For example, highlighted box 131
shows 1dentified points 1n VR content 1154, 1155, and 1135¢
that correlate to tester discomiort and sickness. It happens
that these points in box 131 for VR content 115a, 1155, and
115¢ occur generally at the same progression through the
application G-1, as previously introduced. That 1s, the same
patterns of VR content and/or actions taken or generated in
association with corresponding VR content are occurring for
cach of the testers (e.g., tester-a, tester-b, and tester-c). For
example, the pattern of VR content may be a FOV having a
projected center axis that swings 180 degrees at a high rate,
in association with user actions to include running, a double
jump, and a quick rotation of head to look down at the
landing. Highlighted box 131 includes two points in VR
content 1157 that 1s generated through the execution of a
separate application G-3, as previously introduced. These
two points are associated with a similar pattern of VR
content (e.g., FOV having a projected center axis that swings
180 degrees at a high rate) and/or similar patterns of user
actions (e.g., running, a double jump, and a quick rotation of
head) though they are generated from application G-3
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instead of G-1. Discomiort classification modeler 120 1s able
to make a correlation between the similar VR content,
patterns of VR content, patterns associated with the genera-
tion of or interaction with VR content, or patterns associated
with simulated or tested user interactions with correspond-
ing VR content, and/or patterns of actions taken or generated
by the user 1n association with the generation of that VR
content and the immduced discomiort and/or sickness 1n the

testers. That 1s, discomiort classification modeler 120 may
identify or predict that the pattern of VR content (FOV
having a projected center axis that swings 180 degrees at a
high rate) reliably induces discomifort and/or sickness no
matter the application source. Also, discomiort classification
modeler 120 may identify or predict that the pattern of
actions (e.g., running, a double jump, and a quick rotation of
head) reliably induces discomifort and/or sickness no matter
the application source.

[0069] Highlighted box 132 shows 1dentified points in VR
content 115a, 11554, and 115¢ that correlate to tester discom-
fort and sickness. It happens that these points 1n box 132 for
VR content 115a, 1155, and 115¢ occur generally at the same
progression through the application G-1, as previously intro-
duced. That 1s, the same patterns of VR content and/or
actions taken or generated 1n association with corresponding
VR content, for example, are occurring for each of the
testers (e.g., tester-a, tester-b, and tester-c). Discomiort
classification modeler 120 1s able to make a correlation
between the similar patterns of VR content and/or patterns
actions taken or generated by the testers 1n association with
generation of or interaction of corresponding VR content
and the induced discomiort and/or sickness 1n the testers. As
such, a common pattern (e.g., a second pattern) of VR
content or actions taken or generated in association with
corresponding VR content, or patterns associated with the
generation of or interaction with VR content, or patterns
associated with simulated or tested user interactions with
corresponding VR content, and/or patterns of actions taken
or generated by the user 1n association with the generation
of corresponding VR content may be classified as inducing
discomifort and/or sickness.

[0070] Highlighted box 133 shows identified points in VR
content 11556 and 115c¢ that correlate to tester discomfort and
sickness. These points 1 box 133 occur generally at the
same progression through application G-1, as previously
introduced. That 1s, the same patterns of VR content and/or
actions taken or generated 1n association with corresponding
VR content are occurring for each of the testers (e.g., tester-b
and tester-c). Though tester-a does not show discomifort 1n
this same area in the progression through application G-1
(c.g., tester-a may be immune to this third associated pat-
tern), discomiort classification modeler 120 may still be able
to make a correlation between the similar VR content,
patterns of VR content, patterns associated with the genera-
tion of or interaction with VR content, or patterns associated
with simulated or tested user interactions with correspond-
ing VR content, and/or patterns of actions taken or generated
by the user 1n association with the generation of that VR
content and the immduced discomiort and/or sickness 1n the
testers. As such, a common pattern (e.g., a third pattern) of
VR content or actions taken or generated 1n association with
corresponding VR content may be classified as inducing
discomiort and/or sickness by the discomifort classification

modeler 120.
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[0071] Highlighted box 134 shows identified points in VR
content 115a, 1155 and 115# that correlate to tester discom-
fort and sickness. These points 1n box 134 are based on
different applications (e.g., G-1 and G-3), but are grouped
according to a similar pattern of VR content and/or actions
taken or generated by testers in association with generation
of or interaction of corresponding VR content. As such, a
common pattern (e.g., a fourth pattern) of VR content or
patterns associated with the generation of or interaction with
VR content, or patterns associated with simulated or tested
user interactions with corresponding VR content, and/or
patterns of actions taken or generated by the user 1n asso-
ciation with the generation of that VR content may be
classified as inducing discomiort and/or sickness by the
discomfort classification modeler 120.

[0072] As shown in FIG. 1E, after suflicient test data has
been analyzed through a deep learming process, the discom-
fort classification modeler 120 1s able to recognize which
VR content, patterns of VR content, patterns associated with
the generation of or interaction with VR content, or patterns
associated with simulated or tested user interactions with
corresponding VR content, and/or patterns of actions taken
or generated by the user in association with the generation
of that VR content, will induce discomfort and/or sickness.
These 1dentified patterns can be mncluded within the discom-
fort model 220 that can be used to preemptively i1dentily
similar patterns in applications under test to understand
which applications users may expect to experience discom-
fort and/or sickness, and also to 1dentify at which points 1n
applications users may expect to experience discomiort
and/or sickness.

[0073] FIG. 1F 1illustrates the application of a discomifort
model 220 to an application under test (e.g., gaming appli-
cation, G-x), wherein the application generates VR content,
for purposes of identifying points 1n the application as
executed that are associated with VR content, patterns of VR
content, patterns associated with the generation of or inter-
action with VR content, or patterns associated with simu-
lated or tested user interactions with corresponding VR
content, and/or patterns of actions taken or generated by the
user 1n association with the generation of that VR content,
that induce discomfort and/or sickness, 1n accordance with
one embodiment of the present disclosure. For example, the
discomifort model 220 includes one or more items of VR
content, patterns of VR content, patterns associated with the
generation of or interaction with VR content, or patterns
associated with simulated or tested user interactions with
corresponding VR content, and/or patterns of actions taken
or generated by the user 1n association with the generation
of that VR content that reliably will induce discomiort
and/or sickness as determined through testing, as previously
described. As shown in FIG. 1E, a plurality of lines 1is
shown, each of which represents a different item of VR
content, patterns of VR content, patterns associated with the
generation of or interaction with VR content, or patterns
associated with simulated or tested user interactions with
corresponding VR content, and/or patterns of actions taken
or generated by the user in association with the generation
of that VR content that 1s recognized as inducing discomifort
and/or sickness 1n a user.

[0074] As shown, the application G-x 1s executed by the
testing game execution engine 140 1n order to automatically
execute all the various paths and options available 1n the
application. For example, node graph 133 represents all the
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various paths that can be taken by a user when interacting
with application G-x. The testing game execution engine
140 1s able to automatically discover and execute all the
paths 1n node graph 135. In addition, as the testing game
execution engine 140 executes application G-x, a game
execution log 141 i1s produced that includes information
related to the generation of VR content and how the game
was executed, such as controller input, metadata, game state
data, etc. Further, the information 1n log 141 may include or
be associated with generated VR content, patterns of VR
content, patterns associated with the generation of or inter-
action with VR content, or patterns associated with simu-
lated or tested user interactions with corresponding VR
content, and/or patterns of actions taken or generated by the
user 1n association with the generation of that VR content.

[0075] As the application G-x 1s executed by testing game
execution engine 140, data related to the execution, such as
the information contained in or related to the iformation
contained 1 game execution log 141, 1s compared with
information 1n the discomifort model to 1dentily points 1n the
application G-x that may induce discomiort and/or sickness.
This comparison may be performed by processor 205 of
FIG. 2A, as further described below. For example, points 1-3
in the game execution log correspond to points in the
execution of application G-x that each have been identified
as being associated with a corresponding VR content, pat-
terns of VR content, patterns associated with the generation
of or interaction with VR content, or patterns associated with
simulated or tested user interactions with corresponding VR
content, and/or patterns of actions taken or generated by the
user 1n association with the generation of that VR content
that will induce discomiort and/or sickness. These points are
also 1dentified 1n the node graph 133. Specifically, point 1 1n
the execution of application G-x 1s similar to pattern A in the
discomifort mode 220, that identifies a corresponding pattern
of VR content and/or patterns of actions taken or generated
by the user in association with the generation of that VR
content that will induce discomfort and/or sickness. Also
point 2 1n the execution of application G-x 1s similar to
pattern B 1n the discomfort mode 220 that idenftifies a
corresponding pattern of VR content and/or patterns of
actions taken or generated by the user 1n association with the
generation of that VR content, for example, that will induce
discomiort and/or sickness. In addition, point 3 determined
from the execution of application G-x 1s similar to pattern C
in the discomifort mode 220 that 1dentifies a corresponding
pattern of VR content and/or patterns of actions taken or
generated by the user 1n association with the generation of
that VR content, for example, that will induce discomfort
and/or sickness. As such, each of the patterns A, B and C are
unmique, and i1dentify different VR content, patterns of VR
content, patterns associated with the generation of or inter-
action with VR content, or patterns associated with simu-
lated or tested user interactions with corresponding VR
content, and/or patterns of actions taken or generated by the
user 1n association with the generation of that VR content
that will induce discomifort and/or sickness.

[0076] Once these points 1-3 have been 1dentified as being
associated with patterns that induce discomiort and/or sick-
ness 1n users, the corresponding code can also be 1dentified.
As shown 1 FIG. 1F, original G-x code 142 includes
sections ol code that correspond to various points 1n the
execution of application G-x. For example, pomnt 1 1s
associated with code section CS-1 1n the original G-x code
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142, point 2 1s associated with code section CS-2, and point
3 1s associated with code section CS-3.

[0077] Adter the 1dentification of points 1-3, the developer
may make a decision whether to modily the original G-x
code 142 1n order to reduce potential discomfort and/or
sickness. As shown 1n FIG. 1F, the code CS-1 associated
with point 1 1s left 1n its original state. For example, code
section CS-1 1s represented with one line 1n the original G-x
code 142, and the same line 1s shown for CS-1 in the
modified G-x code 143. However, code CS-2 associated
with point 2, and code CS-3 associated with point 3, have
been modified to reduce discomiort and/or sickness
responses. In particular, code section CS-2, represented by
s1X lines 1n the original G-x code 142, has been modified to
code section CS-2' 1n the modified G-x code 143 to include
four lines (though more than six lines could also show a
modification). Similarly, code section CS-3, represented by
three lines 1n the original G-x code 142, has been modified
to code section CS-3' 1 the modified G-x code 143 to
include one line.

[0078] FIG. 2A 1llustrates a system 200A configured for
classifying VR content based on the predicted discomiort
and/or sickness of users when viewing VR content as
learned by a deep learming engine 190, 1n accordance with
one embodiment of the present disclosure. In particular,
system 200A utilizes a predictive model (e.g., content clas-
sification model 121) as executed by processor 205 that 1s
built by the discomiort classification modeler 120 of FIG.
1A 1n order to classity VR content in one embodiment.

[0079] As shown, VR content 201 1s mput into the in-
content feature extractor 210 to determine characteristics of
the VR content 201. For example, VR content may be an
application that 1s executed by the testing game execution
engine 140 of FIG. 1F. In addition, this VR content may be
any type of content, such as gaming applications, video,
simulations, etc. Further, the VR content may be fully
developed, or still 1n 1ts design phase.

[0080] In particular, in-content features may define 1den-
tifiable VR content or patterns of VR content, patterns
associated with the generation of or interaction with VR
content, or patterns associated with simulated or tested user
interactions with corresponding VR content, and/or patterns
of actions taken or generated by the user 1n association with
the generation of that VR content that can be used for
predicting whether a user may experience discomiort and/or
sickness when interacting with that VR content. For
example, extractor 210 may randomly select various seg-
ments of the VR content, or periodically capture segments of
VR content, or identify patterns of actions taken or gener-
ated by the user 1n association with the generation of
corresponding VR content. In addition, extractor 210 may
specifically search for particular images, scenes, and/or
sequence of 1mages or scenes for use as in-content features.
For example, extractor 210 may search for scenes or a
sequence of scenes that include a horizon. Further, these
patterns of VR content, or patterns of actions taken or
generated by the user 1n association with the generation of
corresponding VR content, images, scenes and/or sequence
of images or scenes may be combined with other VR content
(e.g., audio, other sensory mput, etc.) as in-content features.
In addition, various in-content features may have been
previously identified by the content creator (e.g., gaming
application developer) that 1s used for content classification.
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[0081] The determined in-content features are inputted
into the discomiort model 220, which was generated by the
discomiort classification modeler 120. That 1s, the prediction
model, or one based on the prediction model, generated by
the deep learning engine 190 and used to learn and predict
which VR content, patterns of VR content, patterns associ-
ated with the generation of or interaction with VR content,
or patterns associated with simulated or tested user interac-
tions with corresponding VR content, and/or patterns of
actions taken or generated by the user in association with the
generation ol that VR content, induces user discomifort
and/or sickness, 1s used by system 200A to predict levels of
discomifort and/or sickness that may be experienced by a
user when interacting with the VR content 201. For example,
the discomiort model 220 may predict when a user will
experience discomifort and/or sickness, how many times the
user will experience discomiort and/or sickness, the degree
of discomfort and/or sickness, and the types of discomiort
and/or sickness. This information 1s relevant in determining
how a user will react when viewing this particular VR
content.

[0082] The output from the discomifort model 220 1s then
delivered to the content classification model 121, previously
introduced in FIG. 1A. In particular, based on the predicted
discomfort and/or sickness information, the content classi-
fication model 1s configured to i1dentily points 1n the VR
content and/or points 1n the application associated with the
VR content that are likely to induce discomifort and/or
sickness 1n potential users, and based on that information to
classily the VR content 210. That 1s, a content classification
230 for the VR content 201 i1s generated that follows a
predetermined classification system (e.g., high, medium, and
low discomifort and sickness levels, etc.). For example, 1f the
discomifort model 220 predicts that numerous 1nstances of
discomiort and/or sickness would be experienced by a user
(even 1 the degrees of discomiort corresponding to the
instances may be low or mild), then a high discomiort
classification 230 may be assigned to VR content 210. The
same classification 230 may be given 1f the VR content 210
1s predicted to imnduce a small number of discomfort and/or
sickness reactions by a user, but the degree of discomiort 1s
very severe. On the other hand, 11 the discomfort model 220
predicts that a limited number of instances of discomfort
and/or sickness would be experienced by a user, then a
medium discomiort classification 230 may be assigned to
VR content 210. The same classification 230 may be given
if the VR content 210 1s predicted to induce a large number
of discomiort and/or sickness reactions by a user, but the
degree of discomiort 1s at a middle level between high and
low. Also, 1 the discomfort model 220 predicts that zero or
a negligible number of instances of discomifort and/or sick-
ness would be experienced by a user, then a low discomfort
classification 230 may be assigned to VR content 210. The
same classification 230 may be given 1f the VR content 210
1s predicted to induce a large number of discomifort and/or
sickness reactions by a user, but the degree of discomiort 1s
very low.

[0083] Though a classification system 1s described as
having three levels (e.g., low, medium, and high), it 1s
understood that embodiments of the present invention can
accommodate different types of classification systems that
can provide noftification as to whether or not a user will
experience discomiort and/or sickness when viewing a par-
ticular item of VR content, and the levels or degrees of
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discomiort and/or sickness experienced. As such, there may
be less than or more than three levels indicating discomiort
and/or sickness defined using different criteria.

[0084] In one embodiment, the content classification 230
1s used by potential users that want to interact with VR
content 201. For example, if the classification 230 indicates
that a high level of discomfort and/or sickness may be
expected (e.g., a large amount or a high degree of discomifort
and/or sickness), a user that does not want to potentially
experience that discomifort will choose not to interact with
VR content 201. The same may be true to a user that
previously had a bad discomifort and/or sickness reaction
when interacting with another VR content that had the same
content classification 230 (e.g., high). On the other hand, a
user that embraces or 1s unatlected by that type of discomfort
and/or sickness may actively seek out VR content 201 that
1s classified as inducing high levels of discomifort and/or
sickness. For instance, that user may not experience any
discomiort and/or sickness with content having the same

classification 230, or even may enjoy that discomfort and/or
sickness.

[0085] In another embodiment, the content classification
230 15 used by developers during the design phase to 1dentify
taults within the VR content 201 or a segment of VR content
201, or to make sure that the VR content 201 1s of the correct
level. For example, the information outputted from the
discomiort model 220 (e.g., degree or level of discomiort
reactions, number of discomiort reactions, etc.) may be
compared with a targeted level of discomiort for the VR
content 201 (wherein the VR content 1s designed to produce
the targeted level of discomiort) by the comparator 241 of
the fault indicator 240 to determine if there 1s a match or
mismatch. If there 1s a mismatch, the VR content may be
taulty. For example, 11 the VR content 201 1s intended to not
induce any discomiort and/or sickness, but the discomifort
model 220 predicts that discomifort and/or sickness 1s
induced, this may indicate a problem with the coding of the
VR content 201 (e.g., the right and left images that give
stereoscopic 1mpressions may be misaligned). For example,
recommendation engine 245 may provide a noftification/
recommendation 243 of the mismatch, and may further
identify the type of mismatch, or reason for the mismatch. A
developer knowing there 1s a mismatch may then go back
and fix the problem.

[0086] If there 1s a match as determined by the comparator
241, then the developer 1s on track 1n developing the VR
content 201. The recommendation engine 245 may provide
a noftification/recommendation 243 of the match. For
example, the VR content 201 may be targeted to a specific
type of user that 1s aligned with a particular classification of
VR content. For instance, those users may enjoy or desire
high levels of discomiort and/or sickness when interacting,
with VR content. In that case, the developer may be design-
ing VR content 201 to induce high levels of discomifort
and/or sickness. In that case, the developer may mput VR
content 201 or a segment of VR content 201 into system
200A to predict the level of discomiort and/or sickness
induced 1n a user interacting with VR content 201. That
information 1s compared against the designed level of dis-
comiort by the comparator 241 to make sure that the
predicted level of discomfort will eventually match the
designed level of discomiort. While the present embodiment
uses discomfort and levels of discomfort, the same result
may be obtained using predicated and designed content

Dec. 28, 2023

classifications because the content classification 1s based on
the predicted levels of discomiort.

[0087] FIG. 2B illustrates a system 200B configured for
classitying a user 290 based on tested levels of discomiort
that are aligned with predicted levels of discomiort deter-
mined by a discomiort recognition model that 1s built by a
deep learning engine 190 of the discomiort classification
modeler 120, 1n accordance with one embodiment of the
present disclosure.

[0088] As shown, VR content 201 i1s mput into the in-
content feature extractor 210 to determine characteristics of
the VR content 201, as previously described in relation to
FIG. 2A. For example, VR content 201 may be an applica-
tion that 1s executed by the testing game execution engine
140 of FIG. 1F. For example, in-content features may define
identifiable VR content, patterns of VR content, patterns
associated with the generation of or interaction with VR
content, or patterns associated with simulated or tested user
interactions with corresponding VR content, and/or patterns
of actions taken or generated by the user 1n association with
the generation of that VR content that can be used for
predicting whether a user may experience discomiort and/or
sickness during interaction with that VR content, and also
may be compared against test data to classity user 290. In
one embodiment, the VR content 201 includes baseline VR
content 201 that 1s known to 1nduce specific levels or types
of discomfort and/or sickness in test users (e.g., test user
105). For example, a typical, test user 105 will react in a
specific way to the baseline VR content. Reactions of user
290 may be compared to predicted reactions of the typical,
test user 105 to classity user 290 based on tested discomfort
and/or sickness reactions.

[0089] In addition, active or passive feedback 250 1s also
collected from user 290. For example, physiological data
associated with user 290 may be collected while user 290 1s
interacting with VR content 201, as previously described.
The physiological data may be passively monitored (e.g.,
using sensors 125), or actively monitored (e.g., actively
querying user 290, or having user 290 input data).

[0090] The extracted in-content features of VR content
201 are input mto discomifort model 220, which was gen-
crated by the discomfort classification modeler 120. As such,
the discomiort model 220 will determine and output a
predicated level of discomifort and/or sickness that may be

experienced by a user when interacting with the VR content
201.

[0091] The output from the discomfort model 220 is then
delivered to the user classification model 122, previously
introduced 1 FIG. 1A. In one embodiment, the predicted
discomifort and/or sickness 1s compared with the active or
passive user feedback 250 from user 290 to determine a
classification for user 290. That 1s, reactions of user 290 may
be compared to predicted reactions of the typical, test user
105 to classity user 290 based on tested discomiort and/or
sickness reactions. In particular, based on the predicted
discomfort and/or sickness information, as well as tested
discomiort and/or sickness information obtained from user
290, the user classification model 1s configured to classity
user 290 giving an indication how user 290 1s aflected by VR
content. Content classification 270 may follow a predeter-
mined classification system (e.g., high influence, medium
influence, and low influence, etc.). For example, if VR
content 201 or a pattern of VR content 201 1s predicted to
induce high levels of discomiort and may be classified as a
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high discomifort inducing content, but user 290 does not
react 1n the same manner (e.g., experiences no or limited
discomiort), then the user classification model 122 may
classily user 290 at a low level of classification 270 indi-
cating that user 290 1s not greatly aflected by VR content that
1s known to induce discomfort in typical, test users 105. On
the other hand, 1f the discomifort model 220 predicts a high
level of discomifort experienced by test users 105, and user
290 also experiences high level of discomiort, then both sets
of data are aligned, and user 290 may be classified at a high
level indicating that user 290 1s lighly mfluenced by high
discomifort inducing VR content.

[0092] In still another embodiment, the user classification
model 122 directly receives as iput the in-content features
and the active or passive user feedback 250 to classily user
290. That 1s, the deep learning engine 190 has learned to
analyze reactions by various types of test users and classily
those users based on their corresponding reactions. The
classification 1s aligned with the VR content classification
model 121, 1n one embodiment. For example, VR content
201 that consistently induces high discomiort in user 290
indicates that user 290 1s highly susceptible to high discom-
fort inducing VR content, and may be accordingly classified
at a high level. Continued alignment may indicate that user
290 1s susceptible to discomiort VR content, and 1s accord-
ingly classified at a medium level, or that user 290 1s not
susceptible to discomfort VR content 1s accordingly classi-
fied at a low level.

[0093] With the detailed description of the various mod-
ules of the VR content classification system, a method for
classiiying VR content based on predicted levels of discom-
fort and/or sickness inducted by that VR content is now
described 1n relation to flow diagram 300 of FIG. 3, n
accordance with one embodiment of the present disclosure.
The method outlined 1n flow diagram 300 1s implemented by
the systems and/or components of FIGS. 1A-1F and 2A-2B

1n embodiments.

[0094] The method begins at operation 310, and includes
accessing a model that identifies a plurality of learned
patterns associated with the generation of corresponding VR
content that are likely to cause discomifort. The generated
model also predicts a level of discomfort experienced by a
participating user when interacting with corresponding vir-
tual reality (VR) content. For example, content classification
model 121 may be generated at operation 310, and 1s based
on the discomifort model 220 generated by modeler 120 that
has learned to recogmize which VR content (e.g., types
and/or patterns of VR content) when interacted with (e.g.,
viewing), or patterns of VR content, patterns associated with
the generation of or interaction with VR content, or patterns
associated with simulated or tested user interactions with
corresponding VR content, and/or patterns of actions taken
or generated by the user 1n association with the generation
of that VR content will cause to user 105 to experience
discomiort and/or sickness reactions.

[0095] In particular, when building the model, a deep
learning engine may be configured to recerve physiological
data from test users during their interactions with baseline
VR content, as previously described. The deep learming
engine analyzes baseline VR content data and physiological
data collected passively or actively from test users to learn
which VR content (e.g., types, patterns, etc.) when inter-
acted with will cause a user to experience discomfort and/or
sickness reactions. As such, over time, input data related to
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VR content and physiological reactions to VR baseline
content can be aligned with known and expected reactions to
the VR baseline content. In that manner, certain VR content,
patterns of VR content, patterns associated with the genera-
tion of or interaction with VR content, or patterns associated
with simulated or tested user interactions with correspond-
ing VR content, and/or patterns of actions taken or generated
by the user 1n association with the generation of that VR
content may be recognized as mducing discomiort and/or
sickness 1n test users, and applied to classify VR content or
users based on predicted discomifort and/or sickness induced
or experienced by users.

[0096] At operation 320, the method includes executing a
first application to generate first VR content. For example,
the first application 1s executed by the testing game execu-
tion engine 140 of FIG. 1F to simulate user interaction with
all the various paths available 1n the first application.

[0097] At operation 330, the method includes extracting
data associated with simulated user interactions with the first
VR content generated during execution of the first applica-
tion. This data 1s applied to the model. The extracted data
includes characteristics of the first VR content generated
during the simulation of user interaction with the first VR
content. The data may include VR content, patterns of VR
content, patterns associated with the generation of or inter-
action with VR content, or patterns associated with simu-
lated or tested user interactions with corresponding VR
content, and/or patterns of actions taken or generated by the
user 1n association with the generation of that VR content.
Further, the data may include other in-content features
including executable code, at least one static image, a
sequence of static 1mages, video, audio, etc. For example,
vartous segments ol the VR content may be randomly
selected, or segments at periodic intervals may be selected.
In addition, particular types of i1mages, scenes, and/or
sequence of 1mages or scenes may be 1dentified and used as
in-content features. This data i1s used to classity the first VR
content in terms of 1dentifying points in the first VR content
or first application that are likely to cause discomifort and/or
sickness.

[0098] At operation 340, the method includes comparing
the extracted data to the model to identily one or more
patterns 1n the extracted data matching at least one of the
learned patterns from the model such that the one or more
patterns are likely to cause discomifort. For example, VR
content, patterns ol VR content, patterns associated with the
generation of or interaction with VR content, or patterns
associated with simulated or tested user interactions with
corresponding VR content, and/or patterns of actions taken
or generated by the user 1n association with the generation
of that VR content that match the learned patterns can also
be determined to likely cause discomiort and/or sickness.
The first content may be further classified by identifying
points 1n the first application (e.g., code) that are associated
with the matched patterns. Once the first application 1s
classified, further actions may be performed, such as deter-
mining a level of discomiort for a prospective user of the
first application, and providing notification of the level of
discomiort to the prospective user.

[0099] Further, the method includes determining a level of
discomiort based on the first VR content, or more specifi-

cally, based on the in-content features and/or extracted data
of the first VR content. That 1s, the model can be configured
to predict what types and levels of discomfort and/or sick-
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ness will be induced by an interacting user. For example, the
model may predict when a user will experience discomiort
and/or sickness, how many times the user will experience
discomifort and/or sickness, the degree of discomfort and/or
sickness, and the types of dismount and/or sickness.

[0100] The method includes assigning a discomfort clas-
sification for the first VR content based on the predicted and
determined level of discomiort. For example, the classifi-
cation may lollow a predetermined classification system
(e.g., high, medium, and low discomifort and/or sickness
levels, etc.), as previously described. For example, if the
model predicts that the first VR content will induce high
levels of discomfort (e.g., number, frequency, degree, etc.)
in a user, then the first VR content may be classified at a high
discomiort classification. Also, 11 the model predicts that the
first VR content will induce medium levels of discomfort 1in
a user, then the first VR content may be classified at a
medium discomtfort classification. Further, if the model
predicts that the first VR content will induce low levels of
discomifort 1n a user, then the first VR content may be
classified at a low discomiort classification. It 1s important
to note that the predetermined classification system may
accommodate different types of classification, wherein each
system can provide notification as to whether or not a user
will experience discomiort and/or sickness when viewing a
particular 1item of VR content, and the levels or degrees of
discomifort and/or sickness experienced in embodiments.
That 1s, there may be less than or more than three levels of
indicating discomiort and/or sickness.

[0101] The classification of the first VR content may be
turther used as notification. For example, the discomifort
classification may provide notification to a prospective user
as to the type of content included 1n the first VR content.
That 1s, the discomfort classification of the first VR content
may 1inform the user the degree of discomiort to be expected
during interaction. If the experience of the prospective user
closely follows the discomiort classification, then the user
may avoid VR content that has a high discomifort classifi-
cation (unless the user i1s actively seeking out that type of
content), and seek out VR content with lower classifications.
Also, if the experience of the prospective user does not
tollow the discomfort classification, then the user may find
that VR content with a high discomiort classification has no
ellect on the user and may seek out or at least include for
consideration VR content with the high discomiort classi-
fication.

[0102] The classification of the first VR content may be
turther used by developers during a design or development
phase to ensure that the first VR content 1s developed
according to specifications. For example, the first VR con-
tent may be designed to meet a certain or targeted level of
discomifort and/or sickness as predicted by the model gen-
crated at 310. In one case, the first VR content may be
targeted to specific users, such as those users who want high
levels or numbers of discomiort and/or sickness reactions.
As such, the determined level of discomfort and/or sickness
as predicted by the model 1s compared against a targeted
level of discomiort designed for the first VR content. Noti-
fication of a mismatch 1s provided when the predicated level
ol discomifort does not match the targeted level of discom-
tort. Further, a recommendation may be provided when there
1s a mismatch. For instance, the recommendation may point
out that specific code 1s faulty, or that specific instances of
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VR content need to be changed to induce the proper or
targeted discomifort and/or sickness reactions 1n a user.

[0103] In still another embodiment, the method outlined 1n
flow diagram 300 may be modified once the model that
predicts discomiort levels for corresponding VR content 1s
known. In that manner, the method includes applying a
plurality of first in-content features derived from a first VR
content to the model that predicts a level of discomifort
experienced by a user when interacting with corresponding
content. The method includes determiming a level of dis-
comiort based on the first VR content. The method further
includes assigning a discomiort classification for the first
VR content based on the predicted and/or determined level
ol discomiort.

[0104] FIG. 4 15 a flow diagram 400 illustrating a method
for building or training a discomiort recognition model by a
deep learning engine, wherein the model 1s configured for
determining and/or correlating discomfort by a user when
interacting with VR content or patterns of VR content, 1n
accordance with one embodiment of the present disclosure.
For example, the method outlined in flow diagram 400 may
be mmplemented by the deep learning engine 190 of the
discomiort classification modeler 120 to learn under what
conditions a user will experience discomiort and/or sickness
when viewing VR content. Specifically, the method outlined
in flow diagram 400 may be implemented to recognize
which VR content (e.g., types, patterns, etc.) when inter-
acted with will cause a user to experience discomifort and/or
sickness reactions. The method outlined 1n flow diagram 400

1s 1mplemented by the systems and/or components of FIGS.
1A-1F and 2A-2B 1n embodiments.

[0105] The method outlined 1n flow diagram 400 1s 1mple-
mented 1n a testing environment 1n which a plurality of test
users 1s monitored while interacting with a plurality of
baseline VR content. That 1s, a plurality of testing applica-
tions 1s executed for interaction by the plurality of testers to
generate the plurality of baseline content. In particular, at
operation 410, the method includes monitoring physiologi-
cal measurements of a plurality of testers when 1nteracting
with a plurality of baseline content. The baseline content 1s
associated with a plurality of baseline discomifort reactions
that are considered to be true. That is, physiological mea-
surements of the plurality of testers are monitored when the
testers are interacting with the plurality of baseline VR
content, wherein the plurality of baseline VR content is
associated with a plurality of baseline discomiort reactions,
wherein known patterns of physiological measurements are
associated with expected discomiort reactions.

[0106] Physiological measurements may be passively
monitored. For example, physiological data may include
clectrogastrography, galvanic skin resistance, brain activity,
heart rates, eye movement, head movement, etc. These
measurements may be correlated with in-content features, as
will be described below. In addition, known patterns of
physiological measurements are associated with expected
discomifort reactions. For example, a correlation may be
made between increased galvanic skin resistance (e.g., mndi-
cating more sweating) and increased discomiort. Though a
direct correlation may not be proven between any one
measurement, the method of flow diagram 400 1s able to
learn and/or recognize which VR content (e.g., types, pat-
terns, combinations of patterns, etc.) when interacted with
will cause a user to experience discomiort and/or sickness
reactions. For example, patterns of VR content and/or pat-
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terns of actions taken or generated by the user 1n association
with the generation of corresponding VR content may be
identified as causing a user to experience discomiort and/or
sickness reactions.

[0107] At 420, the method includes extracting data asso-
ciated with tester interactions with the baseline VR content
generated during execution of the plurality of testing appli-
cations. As previously described, the data includes VR
content, patterns of VR content, patterns associated with the
generation of or interaction with VR content, or patterns
associated with simulated or tested user interactions with
corresponding VR content, and/or patterns of actions taken
or generated by the user 1n association with the generation
of that VR content, that 1s then used to predict whether a user
may experience discomiort and/or sickness when interacting,
with that VR content. For example, this content may include
random 1mages or sequence of 1mages, periodic 1mages or
sequence of 1mages, specific images or sequence of 1mages
with specific content or objects (e.g., horizon, etc.), or
predefined 1mages or sequence of 1mages (e.g., delivered by
developer), or patterns of VR content, and/or patterns of
actions taken or generated by the user in association with the
generation of corresponding VR content.

[0108] At 430, the method includes building the model by
applying the monitored physiological measurements and the
extracted data 1into a deep learning engine. The deep learning
engine 1s configured to correlate the physiological measure-
ments with the data associated with tester interactions to
determine a plurality of patterns of learned patterns that are
likely to produce discomiort experiences 1n the testers based
on the physiological measurements that align with the
plurality of baseline discomiort reactions. That 1s, the physi-
ological measurements obtained during testing are input into
the deep learning engine to obtain predicted outputs of
discomifort reactions, wherein the predicted outputs are
compared against true or known outputs in order to modily
parameters 1n the deep learning engine so that over time, the
predicted outputs closely align with the true or known
outputs.

[0109] In another embodiment, the physiological data may
be actively monitored. That 1s, the plurality of testers 1s
monitored when interacting with the baseline content. In
particular, the method includes monitoring for a plurality of
tester responses that indicate a plurality of discomiort reac-
tions when interacting with the baseline VR content. That 1s,
the tester responses are actively momitored, such as when a
user activates an actuator (e.g., button) indicating when the
user 1s experiencing discomiort and/or sickness. These
responses may be correlated with in-content features, as
described below. In the active case, the model 1s built by the
deep learning engine by applying the plurality of tester
responses and the in-content features into a deep learning
engine that 1s configured to correlate the plurality of tester
responses and the i-content features and/or extracted data
associated with the generation of corresponding VR content.
In that manner, the deep learning engine i1s configured to
learn a plurality of patterns of in-content features that
produce a plurality of discomiort experiences in the testers
that align with the plurality of baseline discomfort reactions,
wherein the model may output a corresponding set of
discomiort experiences for corresponding content

[0110] FIG. 5 illustrates components of an example device
that can be used to perform aspects of the various embodi-
ments of the present disclosure. For example, FIG. 5 illus-
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trates an exemplary hardware system suitable for imple-
menting a device 1n accordance with one embodiment. This
block diagram illustrates a computer system 500, such as a
personal computer, video game console, personal digital
assistant, or other digital device, suitable for practicing an
embodiment of the invention. Computer system 500
includes a central processing unit (CPU) 502 for running
soltware applications and optionally an operating system.
CPU 502 may be comprised of one or more homogeneous or
heterogeneous processing cores.

[0111] In accordance with various embodiments, CPU 502
1S one or more general-purpose microprocessors having one
or more processing cores. Further embodiments can be
implemented using one or more CPUs with microprocessor
architectures specifically adapted for highly parallel and
computationally intensive applications, such as media and
interactive entertainment applications, of applications con-
figured for deep learning, content classification, and user
classifications. For example, CPU 3502 may be configured to
include deep learning engine 190 that i1s configured to
recognize which VR content (e.g., types and/or patterns of
VR content) when interacted with will cause a user to
experience discomiort and/or sickness reactions. In addition,
the CPU 502 may be configured to include the content
classifier 200A, 1 which the recognition of which VR
content 1nduces discomifort and/or sickness reactions 1in
users can be utilized to classily content according to corre-
sponding predicted levels of discomiort and/or sickness
induced by that content. Further, CPU 502 may be config-
ured to include the user classifier 200B, in which the
recognition of which VR content induces discomifort and/or
sickness reactions 1n users can be utilized to classity users
according to tested levels of discomiort and sickness reac-
tions when those users are interacting with VR content.

[0112] Memory 504 stores applications and data for use by
the CPU 502. Storage 506 provides non-volatile storage and
other computer readable media for applications and data and
may 1nclude fixed disk drives, removable disk drives, flash
memory devices, and CD-ROM, DVD-ROM, Blu-ray, HD-
DVD, or other optical storage devices, as well as signal
transmission and storage media. User mput devices 508
communicate user mputs from one or more users to the
computer system 500, examples of which may include
keyboards, mice, joysticks, touch pads, touch screens, still
or video cameras, and/or microphones. Network interface
510 allows computer system 500 to communicate with other
computer systems via an electronic communications net-
work, and may include wired or wireless communication
over local area networks and wide area networks such as the
Internet. An audio processor 512 1s adapted to generate
analog or digital audio output from instructions and/or data
provided by the CPU 502, memory 504, and/or storage 506.
The components of computer system 300, including CPU
502, memory 504, data storage 506, user input devices 508,
network interface 510, and audio processor 512 are con-
nected via one or more data buses 522

[0113] A graphics subsystem 3514 1s further connected with
data bus 522 and the components of the computer system
500. The graphics subsystem 514 includes a graphics pro-
cessing unit (GPU) 516 and graphics memory 518. Graphics
memory 518 includes a display memory (e.g., a frame
bufler) used for storing pixel data for each pixel of an output
image. Graphics memory 518 can be integrated in the same
device as GPU 516, connected as a separate device with
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GPU 516, and/or implemented within memory 504. Pixel
data can be provided to graphics memory 518 directly from
the CPU 502. Alternatively, CPU 502 provides the GPU 516
with data and/or instructions defining the desired output
images, from which the GPU 516 generates the pixel data of
one or more output images. The data and/or instructions
defining the desired output images can be stored in memory
504 and/or graphics memory 518. In an embodiment, the
GPU 516 includes 3D rendering capabilities for generating
pixel data for output images from instructions and data
defining the geometry, lighting, shading, texturing, motion,
and/or camera parameters for a scene. The GPU 516 can
turther include one or more programmable execution units
capable of executing shader programs. In one embodiment,
GPU 516 may be implemented within deep learming engine
190 to provide processing power, such as for the deep
learning engine 190.

[0114] 'The graphics subsystem 514 periodically outputs
pixel data for an 1mage from graphics memory 518 to be
displayed on display device 520. Display device 520 can be
any device capable of displaying visual information in
response to a signal from the computer system 500, includ-
ing CRI, LCD, plasma, and OLED displays. Computer
system 300 can provide the display device 520 with an
analog or digital signal.

[0115] It should be understood that the embodiments
described herein may be executed on any type of client
device. In some embodiments, the client device 1s a head
mounted display (HMD). For example, the HMD may be
used during testing of users to learn which VR content or
patterns of VR content induces discomifort and/or sickness.
Further, the HMD may be used to classily or calibrate a user
according to tested discomiort and/or sickness responses to
VR content (e.g., baseline VR content).

[0116] FIG. 6, a diagram illustrating components of a
head-mounted display (HMD) 650 1s shown, 1 accordance
with an embodiment of the disclosure. The HMD may be
used during the test phase to collect VR content data and
physiological responses of test users when interacting with
the test data, or during a classification phase that presents
VR content to a user and collects personalized test data
related to that user 1n order to classity that user based on
tested discomiort and/or sickness reactions.

[0117] The head-mounted display 650 includes a proces-
sor 600 for executing program instructions. A memory 602
1s provided for storage purposes, and may include both
volatile and non-volatile memory. A display 604 1s included
which provides a visual interface that a user may view. A
battery 606 1s provided as a power source for the head-
mounted display 650. A motion detection module 608 may
include any of various kinds of motion sensitive hardware,
such as a magnetometer 610, an accelerometer 612, and a
gyroscope 614.

[0118] An accelerometer 1s a device for measuring accel-
cration and gravity induced reaction forces. Single and
multiple axis models are available to detect magnitude and
direction of the acceleration i1n different directions. The
accelerometer 1s used to sense inclination, vibration, and
shock. In one embodiment, three accelerometers 612 are
used to provide the direction of gravity, which gives an
absolute reference for two angles (world-space pitch and
world-space roll).

[0119] A magnetometer measures the strength and direc-
tion of the magnetic field 1n the vicinity of the head-mounted
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display. In one embodiment, three magnetometers 610 are
used within the head-mounted display, ensuring an absolute
reference for the world-space yaw angle. In one embodi-
ment, the magnetometer 1s designed to span the earth
magnetic field, which 1s £80 microtesla. Magnetometers are
aflected by metal, and provide a yaw measurement that 1s
monotonic with actual yaw. The magnetic field may be
warped due to metal 1n the environment, which causes a
warp 1n the yaw measurement. If necessary, this warp can be
calibrated using information from other sensors such as the
gyroscope or the camera. In one embodiment, accelerometer
612 1s used together with magnetometer 610 to obtain the
inclination and azimuth of the head-mounted display 650.

[0120] A gyroscope 1s a device for measuring or main-
taining orientation, based on the principles of angular
momentum. In one embodiment, three gyroscopes 614 pro-
vide information about movement across the respective axis
(X, v and z) based on 1nertial sensing. The gyroscopes help
in detecting fast rotations. However, the gyroscopes can drift
overtime without the existence of an absolute reference. This
requires resetting the gyroscopes periodically, which can be
done using other available information, such as positional/
orientation determination based on visual tracking of an
object, accelerometer, magnetometer, etc.

[0121] A camera 616 1s provided for capturing images and
image streams of a real environment. More than one camera
may be included 1n the head-mounted display 650, including
a camera that 1s rear-facing (directed away from a user when
the user 1s viewing the display of the head-mounted display
650), and a camera that 1s front-facing (directed towards the
user when the user 1s viewing the display of the head-
mounted display 650). Additionally, a depth camera 618
may be included in the head-mounted display 630 ifor
sensing depth information of objects in a real environment.

[0122] In one embodiment, a camera integrated on a front
face of the HMD may be used to provide warnings regarding
safety. For example, 1f the user 1s approaching a wall or
object, the user may be warned. In one embodiment, the use
may be provided with an outline view of physical objects in
the room, to warn the user of their presence. The outline
may, for example, be an overlay 1n the virtual environment.
In some embodiments, the HMD user may be provided with
a view to a reference marker, that 1s overlaid 1n, for example,
the floor. For instance, the marker may provide the user a
reference of where the center of the room 1s, which in which
the user 1s playing the game. This may provide, for example,
visual information to the user of where the user should move
to avoid hitting a wall or other object 1n the room. Tactile
warnings can also be provided to the user, and/or audio
warnings, to provide more safety for when the user wears
and plays games or navigates content with an HMD.

[0123] The head-mounted display 6350 includes speakers
620 for providing audio output. Also, a microphone 622 may
be mcluded for capturing audio from the real environment,
including sounds from the ambient environment, speech
made by the user, etc. The head-mounted display 630
includes tactile feedback module 624 for providing tactile
feedback to the user. In one embodiment, the tactile feed-
back module 624 1s capable of causing movement and/or
vibration of the head-mounted display 650 so as to provide
tactile feedback to the user.

[0124] LEDs 626 are provided as visual indicators of
statuses of the head-mounted display 630. For example, an
LED may indicate battery level, power on, etc. A card reader
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628 15 provided to enable the head-mounted display 650 to
read and write information to and from a memory card. A
USB interface 630 1s included as one example of an interface
for enabling connection of peripheral devices, or connection
to other devices, such as other portable devices, computers,
etc. In various embodiments of the head-mounted display
650, any of various kinds of interfaces may be included to

cnable greater connectivity of the head-mounted display
650.

[0125] A Wi-F1 module 632 1s included for enabling
connection to the Internet via wireless networking technolo-
gies. Also, the head-mounted display 650 includes a Blu-
ctooth module 634 for enabling wireless connection to other
devices. A communications link 636 may also be included
for connection to other devices. In one embodiment, the
communications link 636 utilizes inirared transmission for
wireless communication. In other embodiments, the com-
munications link 636 may utilize any of various wireless or
wired transmission protocols for communication with other
devices.

[0126] Input buttons/sensors 638 are included to provide
an input interface for the user. Any of various kinds of mnput
interfaces may be included, such as buttons, touchpad,
joystick, trackball, etc. An ultra-sonic communication mod-
ule 640 may be included in head-mounted display 6350 for
facilitating communication with other devices via ultra-
sonic technologies.

[0127] Bio-sensors 642 are included to enable detection of
physiological data from a user. In one embodiment, the
bio-sensors 642 include one or more dry electrodes for
detecting bio-electric signals of the user through the user’s
skin.

[0128] The foregoing components of head-mounted dis-
play 650 have been described as merely exemplary compo-
nents that may be included 1n head-mounted display 6350. In
various embodiments of the disclosure, the head-mounted
display 650 may or may not include some of the various
alorementioned components. Embodiments of the head-
mounted display 650 may additionally include other com-
ponents not presently described, but known in the art, for
purposes of facilitating aspects of the present disclosure as
herein described.

[0129] It will be appreciated by those skilled 1n the art that
in various embodiments of the disclosure, the atoremen-
tioned handheld device may be utilized 1n conjunction with
an 1nteractive application displayed on a display to provide
various interactive functions. The exemplary embodiments
described herein are provided by way of example only, and
not by way of limitation.

[0130] FIG. 7 1s a block diagram of a Game System 700,
according to various embodiments of the disclosure. Game
system 700 may be used to provide VR content. Game
System 700 1s configured to provide a video stream to one
or more Clients 710 via a Network 715. Game System 700
typically includes a Video Server System 720 and an
optional game server 725. Video Server System 720 1is
configured to provide the video stream to the one or more
Clients 710 with a mimimal quality of service. For example,
Video Server System 720 may receive a game command that
changes the state of or a point of view within a video game,
and provide Clients 710 with an updated video stream
reflecting this change in state with minimal lag time. The
Video Server System 720 may be configured to provide the
video stream 1n a wide variety of alternative video formats,
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including formats yet to be defined. Further, the video
stream may include video frames configured for presentation
to a user at a wide variety of frame rates. Typical frame rates
are 30 frames per second, 60 frames per second, and 120
frames per second. Although higher or lower frame rates are
included in alternative embodiments of the disclosure.

[0131] Chients 710, referred to herein individually as
710A., 710B., etc., may include head mounted displays,
terminals, personal computers, game consoles, tablet com-
puters, telephones, set top boxes, kiosks, wireless devices,
digital pads, stand-alone devices, handheld game playing
devices, and/or the like. Typically, Clients 710 are config-
ured to receive encoded video streams (1.e., compressed),
decode the video streams, and present the resulting video to
a user, €.g., a player of a game. The processes of receiving
encoded video streams and/or decoding the video streams
typically includes storing individual video frames in a
receive bufller of the client. The video streams may be
presented to the user on a display integral to Client 710 or
on a separate device such as a monitor or television. Clients
710 are optionally configured to support more than one
game player. For example, a game console may be config-
ured to support two, three, four or more simultaneous
players. Each of these players may receive a separate video
stream, or a single video stream may include regions of a
frame generated specifically for each player, e.g., generated
based on each player’s point of view. Clients 710 are
optionally geographically dispersed. The number of clients
included in Game System 700 may vary widely from one or
two to thousands, tens of thousands, or more. As used herein,
the term “game player” 1s used to refer to a person that plays
a game and the term “game playing device” 1s used to refer
to a device used to play a game. In some embodiments, the
game playing device may refer to a plurality of computing
devices that cooperate to deliver a game experience to the
user. For example, a game console and an HMD may
cooperate with the video server system 720 to deliver a game
viewed through the HMD. In one embodiment, the game
console receives the video stream from the video server
system 720, and the game console forwards the video
stream, or updates to the video stream, to the HMD for
rendering.

[0132] Clients 710 are configured to receive video streams
via Network 715. Network 715 may be any type of com-
munication network including, a telephone network, the
Internet, wireless networks, powerline networks, local area
networks, wide area networks, private networks, and/or the
like. In typical embodiments, the video streams are com-
municated via standard protocols, such as TCP/IP or UDP/
IP. Alternatively, the video streams are communicated via
proprietary standards.

[0133] A typical example of Clients 710 1s a personal
computer comprising a processor, non-volatile memory, a
display, decoding logic, network communication capabili-
ties, and input devices. The decoding logic may include
hardware, firmware, and/or software stored on a computer
readable medium. Systems for decoding (and encoding)
video streams are well known 1n the art and vary depending
on the particular encoding scheme used.

[0134] Clients 710 may, but are not required to, further
include systems configured for moditying received video.
For example, a client may be configured to perform further
rendering, to overlay one video image on another video
image, to crop a video 1image, and/or the like. For example,
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Clients 710 may be configured to receive various types of
video frames, such as I-frames, P-frames and B-frames, and
to process these frames into 1mages for display to a user. In
some embodiments, a member of Chients 710 1s configured
to perform further rendering, shading, conversion to 3-D, or
like operations on the video stream. A member of Clients
710 1s optionally configured to receive more than one audio
or video stream. Input devices of Clients 710 may include,
for example, a one-hand game controller, a two-hand game
controller, a gesture recognition system, a gaze recognition
system, a voice recognition system, a keyboard, a joystick,
a pointing device, a force feedback device, a motion and/or
location sensing device, a mouse, a touch screen, a neural
interface, a camera, mput devices yet to be developed,
and/or the like.

[0135] The video stream (and optionally audio stream)
received by Clients 710 1s generated and provided by Video
Server System 720. As 1s described turther elsewhere herein,
this video stream includes video frames (and the audio
stream 1ncludes audio frames). The video frames are con-
figured (e.g., they include pixel information 1 an appropri-
ate data structure) to contribute meaningiully to the images
displayed to the user. As used herein, the term “video
frames™ 1s used to refer to frames including predominantly
information that is configured to contribute to, e.g. to eflect,
the 1mages shown to the user. Most of the teachings herein
with regard to “video frames™ can also be applied to “audio
frames.”

[0136] Clients 710 are typically configured to receive
inputs from a user. These inputs may include game com-
mands configured to change the state of the video game or
otherwise aflect gameplay. The game commands can be
received using input devices and/or may be automatically
generated by computing instructions executing on Clients
710. The recetved game commands are communicated from
Clients 710 via Network 715 to Video Server System 720
and/or Game Server 725. For example, in some embodi-
ments, the game commands are communicated to Game
Server 7235 via Video Server System 720. In some embodi-
ments, separate copies ol the game commands are commu-
nicated from Clients 710 to Game Server 725 and Video
Server System 720. The communication of game commands
1s optionally dependent on the identity of the command.
Game commands are optionally communicated from Client
710A through a different route or communication channel
that that used to provide audio or video streams to Client

710A.

[0137] Game Server 7235 1s optionally operated by a dii-
ferent entity than Video Server System 720. For example,
Game Server 725 may be operated by the publisher of a
multiplayer game. In this example, Video Server System 720
1s optionally viewed as a client by Game Server 725 and
optionally configured to appear from the point of view of
Game Server 725 to be a prior art client executing a prior art
game engine. Communication between Video Server System
720 and Game Server 7235 optionally occurs via Network
715. As such, Game Server 725 can be a prior art multiplayer
game server that sends game state information to multiple
clients, one of which 1s game server system 720. Video
Server System 720 may be configured to communicate with
multiple instances of Game Server 725 at the same time. For
example, Video Server System 720 can be configured to
provide a plurality of different video games to diflerent
users. Each of these different video games may be supported

Dec. 28, 2023

by a diflerent Game Server 725 and/or published by diflerent
entities. In some embodiments, several geographically dis-
tributed 1nstances of Video Server System 720 are config-
ured to provide game video to a plurality of different users.
Each of these instances of Video Server System 720 may be
in communication with the same instance of Game Server
725. Communication between Video Server System 720 and
one or more Game Server 725 optionally occurs via a
dedicated communication channel. For example, Video
Server System 720 may be connected to Game Server 725
via a high bandwidth channel that 1s dedicated to commu-
nication between these two systems.

[0138] Video Server System 720 comprises at least a
Video Source 730, an I/O Device 745, a Processor 750, and
non-transitory Storage 755. Video Server System 720 may
include one computing device or be distributed among a
plurality of computing devices. These computing devices
are optionally connected via a communications system such
as a local area network.

[0139] Video Source 730 1s configured to provide a video
stream, €.g., streaming video or a series of video frames that
form a moving picture. In some embodiments, Video Source
730 includes a video game engine and rendering logic. The
video game engine 1s configured to receive game commands
from a player and to maintain a copy of the state of the video
game based on the received commands. This game state
includes the position of objects 1n a game environment, as
well as typically a point of view. The game state may also
include properties, images, colors and/or textures of objects.

[0140] The game state 1s typically maintained based on
game rules, as well as game commands such as move, turn,
attack, set focus to, interact, use, and/or the like. Part of the
game engine 1s optionally disposed within Game Server 725.
Game Server 725 may maintain a copy of the state of the
game based on game commands received from multiple
players using geographically disperse clients. In these cases,
the game state 1s provided by Game Server 725 to Video
Source 730, wherein a copy of the game state 1s stored and
rendering 1s performed. Game Server 725 may receive game
commands directly from Clients 710 via Network 715,
and/or may receive game commands via Video Server

System 720.

[0141] Video Source 730 typically includes rendering
logic, e.g., hardware, firmware, and/or software stored on a
computer readable medium such as Storage 735. This ren-
dering logic 1s configured to create video frames of the video
stream based on the game state. All or part of the rendering
logic 1s optionally disposed within a graphics processing
umit (GPU). Rendering logic typically includes processing
stages configured for determining the three-dimensional
spatial relationships between objects and/or for applyving
appropriate textures, etc., based on the game state and
viewpoint. The rendering logic produces raw video that 1s
then usually encoded prior to communication to Clients 710.

For example, the raw video may be encoded according to an
Adobe Flash® standard, .wav, H.264, H.263, On2, VP6,

VC-1, WMA, Huflyuv, Lagarith, MPG-x, Xvid, FFmpeg,
x264, VP6-8, realvideo, mp3, or the like. The encoding
process produces a video stream that 1s optionally packaged
for delivery to a decoder on a remote device. The video
stream 1s characterized by a frame size and a {frame rate.
Typical frame sizes include 800x600, 1280x720 (e.g.,
720p), 1024x768, although any other frame sizes may be
used. The frame rate i1s the number of video frames per
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second. A video stream may include different types of video
frames. For example, the H.264 standard includes a “P”
frame and a “I” frame. I-frames include information to
refresh all macro blocks/pixels on a display device, while
P-frames include information to reiresh a subset thereof.
P-frames are typically smaller 1n data size than are I-frames.
As used herein the term “frame size” 1s meant to refer to a
number of pixels within a frame. The term “frame data size”
1s used to refer to a number of bytes required to store the
frame.

[0142] In alternative embodiments Video Source 730
includes a video recording device such as a camera. This
camera may be used to generate delayed or live video that
can be included 1n the video stream of a computer game. The
resulting video stream optionally includes both rendered
images and 1mages recorded using a still or video camera.
Video Source 730 may also include storage devices config-
ured to store previously recorded video to be included 1n a
video stream. Video Source 730 may also include motion or
positioning sensing devices configured to detect motion or
position ol an object, e.g., person, and logic configured to
determine a game state or produce video-based on the
detected motion and/or position.

[0143] Video Source 730 1s optionally configured to pro-
vide overlays configured to be placed on other video. For
example, these overlays may include a command interface,
log 1n 1nstructions, messages to a game player, images of
other game players, video feeds of other game players (e.g.,
webcam video). In embodiments of Client 710A including a
touch screen interface or a gaze detection interface, the
overlay may include a virtual keyboard, joystick, touch pad,
and/or the like. In one example of an overlay a player’s voice
1s overlaid on an audio stream. Video Source 730 optionally
turther 1includes one or more audio sources.

[0144] In embodiments wherein Video Server System 720
1s configured to maintain the game state based on mput from
more than one player, each player may have a diflerent point
of view comprising a position and direction of view. Video
Source 730 1s optionally configured to provide a separate
video stream for each player based on their point of view.
Further, Video Source 730 may be configured to provide a
different frame size, frame data size, and/or encoding to each
of Client 710. Video Source 730 is optionally configured to

provide 3-D video and/or immersive 360 degree encoded
video.

[0145] 1/O Device 745 1s configured for Video Server
System 720 to send and/or receive information such as
video, commands, requests for information, a game state,
gaze information, device motion, device location, user
motion, client identities, player identities, game commands,
security information, audio, and/or the like. I/O Device 745
typically includes communication hardware such as a net-
work card or modem. I/O Device 745 1s configured to

communicate with Game Server 725, Network 715, and/or
Clients 710.

[0146] Processor 750 1s configured to execute logic, e.g.
software, included within the various components of Video
Server System 720 discussed herein. For example, Processor
750 may be programmed with software instructions 1n order
to perform the functions of Video Source 730, Game Server
725, and/or a Clhient Qualifier 760. Video Server System 720
optionally includes more than one instance of Processor 750.
Processor 750 may also be programmed with software
istructions 1 order to execute commands received by
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Video Server System 720, or to coordinate the operation of
the various elements of Game System 700 discussed herein.
Processor 750 may include one or more hardware device.
Processor 750 1s an electronic processor.

[0147] Storage 755 includes non-transitory analog and/or
digital storage devices. For example, Storage 755 may
include an analog storage device configured to store video
frames. Storage 755 may include a computer readable digital
storage, €.g., a hard drive, an optical drive, or solid state
storage. Storage 715 1s configured (e.g., by way of an
appropriate data structure or file system) to store video
frames, artificial frames, a video stream including both video
frames and artificial frames, audio frame, an audio stream,
and/or the like. Storage 7535 1s optionally distributed among
a plurality of devices. In some embodiments, Storage 735 1s
configured to store the software components of Video
Source 730 discussed elsewhere herein. These components
may be stored in a format ready to be provisioned when
needed.

[0148] Video Server System 720 optionally further com-
prises Client Qualifier 760. Client Qualifier 760 1s config-
ured for remotely determining the capabilities of a client,
such as Clients 710A or 710B. These capabilities can include
both the capabilities of Client 710A 1tself as well as the
capabilities of one or more communication channels
between Client 710A and Video Server System 720. For
example, Client Qualifier 760 may be configured to test a
communication channel through Network 715.

[0149] Client Qualifier 760 can determine (e.g., discover)
the capabilities of Client 710A manually or automatically.
Manual determination includes commumnicating with a user
of Client 710A and asking the user to provide capabilities.
For example, 1n some embodiments, Client Qualifier 760 1s
configured to display images, text, and/or the like within a
browser of Client 710A. In one embodiment, Client 710A 1s
an HMD that includes a browser. In another embodiment,
client 710A 1s a game console having a browser, which may
be displayed on the HMD. The displayed objects request that
the user enter mformation such as operating system, pro-
cessor, video decoder type, type of network connection,
display resolution, etc. of Client 710A. The information

entered by the user 1s communicated back to Client Qualifier
760.

[0150] Automatic determination may occur, for example,
by execution of an agent on Client 710A and/or by sending
test video to Client 710A. The agent may comprise com-
puting instructions, such as java script, embedded in a web
page or installed as an add-on. The agent 1s optionally
provided by Client Qualifier 760. In various embodiments,
the agent can find out processing power of Client 710A,
decoding and display capabilities of Client 710A, lag time
reliability and bandwidth of communication channels
between Client 710A and Video Server System 720, a
display type of Client 710A, firewalls present on Client
710A, hardware of Client 710A, software executing on
Client 710A, registry entries within Client 710A, and/or the
like.

[0151] Client Qualifier 760 1ncludes hardware, firmware,
and/or software stored on a computer readable medium.
Client Qualifier 760 1s optionally disposed on a computing
device separate from one or more other elements of Video
Server System 720. For example, 1n some embodiments,
Client Qualifier 760 1s configured to determine the charac-
teristics of communication channels between Clients 710
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and more than one 1nstance of Video Server System 720. In
these embodiments the mformation discovered by Client
Qualifier can be used to determine which instance of Video
Server System 720 1s best suited for delivery of streaming
video to one of Clients 710.

[0152] The following applications provide information on
HMDs and motion sickness, including: commonly assigned,

co-pending U.S. patent application Ser. No. 14/206,219,
entitled “SWITCHING MODE OF OPERATION IN A

HEAD MOUNTED DISPLAY,” filed on Mar. 12, 2014;
commonly assigned, co-pending U.S. patent appllcatlon Ser
No. 14/712,575, entitled “SENSORY STIMULUS MAN-
AGEMENT IN HEAD MOUNTED DISPLAY,” filed on
May 14, 2015; commonly assigned, co-pending U.S. patent
application Ser No. 14/6135,115, entitled “MOTION SICK-
NESS MONITORING AND APPLICA“ION OF SUPPLE-
MENTAL SOUND TO COUNTERACT SICKNESS,” filed
on Feb. 5, 20135; and commonly assigned, co-pending U.S.
patent apphcatlon Ser. No. 14/627,406, entitled “SCAN-
NING DISPLAY SYSTEM IN HEAD-MOUNTED DIS-
PLAY FOR VIRTUAL REALITY,” filed on Feb. 20, 2013;
all of which are hereby incorporated by reference in 1ts
entirety. More information on the deep learning process
implemented 1n some embodiments of the present invention
1s provided in “Introduction to Machine Learning,” Second
Edition, Ethem Alpaydin, Massachusetts Institute of Tech-
nology, 2010, which 1s hereby incorporated by reference in
its entirety.

[0153] While specific embodiments have been provided
for building models configured to recognize which VR
content 1nduces user discomiort and/or sickness, to classity
VR content based on predicted user discomiort and/or
sickness, and for classilying users based on tested responses
of user discomiort and/or sickness when viewing VR con-
tent, these are described by way of example and not by way
of limitation. Those skilled 1n the art having read the present
disclosure will realize additional embodiments {falling
within the spirit and scope of the present disclosure.

[0154] It should be understood that the various embodi-
ments defined herein may be combined or assembled 1nto
specific 1mplementations using the various features dis-
closed herein. Thus, the examples provided are just some
possible examples, without limitation to the various imple-
mentations that are possible by combining the various
clements to define many more implementations. In some
examples, some 1mplementations may include fewer ele-
ments, without departing from the spirit of the disclosed or
equivalent implementations.

[0155] Embodiments of the present disclosure may be
practiced with various computer system configurations
including hand-held devices, microprocessor systems,
microprocessor-based or programmable consumer electron-
ics, minicomputers, mainiframe computers and the like.
Embodiments of the present disclosure can also be practiced
in distributed computing environments where tasks are
performed by remote processing devices that are linked
through a wire-based or wireless network.

[0156] With the above embodiments 1n mind, 1t should be
understood that embodiments of the present disclosure can
employ various computer-implemented operations 1nvolv-
ing data stored 1n computer systems. These operations are
those requiring physical manipulation of physical quantities.
Any of the operations described herein that form part of
embodiments of the present disclosure are useful machine
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operations. Embodiments of the invention also relate to a
device or an apparatus for performing these operations. The
apparatus can be specially constructed for the required
purpose, or the apparatus can be a general-purpose computer
selectively activated or configured by a computer program
stored 1n the computer. In particular, various general-pur-
pose machines can be used with computer programs written
in accordance with the teachings herein, or it may be more
convenient to construct a more specialized apparatus to
perform the required operations.

[0157] The disclosure can also be embodied as computer
readable code on a computer readable medium. The com-
puter readable medium 1s any data storage device that can
store data, which can be thereafter be read by a computer
system. Examples of the computer readable medium include
hard drives, network attached storage (NAS), read-only
memory, random-access memory, CD-ROMs, CD-Rs, CD-
RWs, magnetic tapes and other optical and non-optical data
storage devices. The computer readable medium can include
computer readable tangible medium distributed over a net-
work-coupled computer system so that the computer read-
able code 1s stored and executed m a distributed fashion.

[0158] Although the method operations were described 1n
a specific order, 1t should be understood that other house-
keeping operations may be performed in between opera-
tions, or operations may be adjusted so that they occur at
slightly different times, or may be distributed 1n a system
which allows the occurrence of the processing operations at
various intervals associated with the processing, as long as
the processing of the overlay operations are performed 1n the
desired way.

[0159] Although the {foregoing disclosure has been
described 1n some detail for purposes of clarity of under-
standing, 1t will be apparent that certain changes and modi-
fications can be practiced within the scope of the appended
claims. Accordingly, the present embodiments are to be
considered as illustrative and not restrictive, and embodi-
ments of the present disclosure 1s not to be limited to the
details given herein, but may be modified within the scope
and equivalents of the appended claims.

What 1s claimed 1s:
1. A method, comprising:

accessing a model that identifies a plurality of learned
patterns associated with baseline virtual reality (VR)
content that 1s likely to cause discomiort, the baseline
VR content including a first plurality of images;

executing an application to generate data based on VR
content of the application, the VR content including a
second plurality of images, the executing of the appli-
cation being controlled by a user;

identifying one or more patterns in the data that correlate
to one or more learned patterns from the model likely
to cause discomfort:

collecting physiological feedback from the user;

determining one or more levels of discomiort for the user
based on the physiological feedback when interfacing
with the VR content 1n association with the one or more
patterns 1n the data identified as likely to cause dis-
comfiort;

classitying the user with a discomifort classification based
on the one or more levels of discomiort that 1s deter-
mined, wherein the discomfort classification of the user
indicates a discomfiort tolerance level when interacting
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with the one or more patterns in the data that are
identified as likely to cause discomiort; and

generating a notification indicating that the VR content of
the application generated from the executing of the
application 1s likely to cause discomiort in the user
based on the discomiort classification.

2. The method of claim 1, further comprising:

providing a recommendation including a list of one or
more video game titles suitable for the user based on
the discomifort classification of the user and one or
more designed discomiort classifications of the one or
more video game titles.

3. The method of claim 1, further comprising:

generating a second notification that execution of a sec-
ond application being controlled by the user is likely to
cause discomiort 1n the user based on the discomiort

classification of the user and a designed discomifort
classification of the second application.

4. The method of claim 1,

wherein a pattern 1n the data that 1s identified includes a
pattern of actions taken by the user during execution of
the application.

5. The method of claim 1,

wherein a pattern in the data that 1s 1dentified includes a

pattern of 1mages 1n the VR content of the application.

6. The method of claim 1, wherein the generating the
notification includes:

determining that the application 1s likely to cause discom-

fort 1in the user when the discomfort tolerance level of
the user meets a threshold.

7. The method of claim 1,

wherein a discomtort classification of the user 1s different
than a designed discomiort classification of the appli-
cation.

8. A computer system comprising:
a Processor;

memory coupled to the processor and having stored
therein instructions that, if executed by the computer
system, cause the computer system to execute a
method, comprising;
accessing a model that 1dentifies a plurality of learned
patterns associated with baseline virtual reality (VR)
content that 1s likely to cause discomiort, the base-
line VR content including a first plurality of images;

executing an application to generate data based on VR
content of the application, the VR content including
a second plurality of images, the executing of the
application being controlled by a user;

identifying one or more patterns 1n the data that cor-
relate to one or more learned patterns from the model
likely to cause discomiort;

collecting physiological feedback from the user;

determining one or more levels of discomifort for the
user based on the physiological feedback when inter-
facing with the VR content 1n association with the
one or more patterns 1n the data identified as likely
to cause discomfiort;

classitying the user with a discomifort classification
based on the one or more levels of discom{fort that 1s
determined, wherein the discomtort classification of
the user indicates a discomfort tolerance level when
interacting with the one or more patterns 1n the data
that are 1dentified as likely to cause discomiort; and
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generating a notification indicating that the VR content
of the application generated from the executing of
the application 1s likely to cause discomiort in the
user based on the discomiort classification.

9. The computer system of claim 8, the method further
comprising:

providing a recommendation including a list of one or

more video game titles suitable for the user based on
the discomifort classification of the user and one or
more designed discomiort classifications of the one or
more video game ftitles.

10. The computer system of claim 8, the method further
comprising;

generating a second notification that execution of a sec-

ond application being controlled by the user is likely to
cause discomiort in the user based on the discomiort
classification of the user and a designed discomifort
classification of the second application.

11. The computer system of claim 8,

wherein 1 the method a pattern in the data that is

identified includes a pattern of actions taken by the user
during execution of the application.

12. The computer system of claim 8,

wherein 1 the method a pattern in the data that 1is

identified includes a pattern of images in the VR
content of the application.

13. The computer system of claim 8, wheremn in the
method the generating the notification includes:

determining that the application 1s likely to cause discom-

fort 1n the user when the discomiort tolerance level of
the user meets a threshold.

14. The computer system of claim 8,

wherein 1n the method a discomiort classification of the

user 1s diflerent than a designed discomiort classifica-
tion of the application.
15. A non-transitory computer-readable storage medium
storing a computer program executable by a processor-based
system, comprising;:
program instructions for accessing a model that identifies
a plurality of learned patterns associated with baseline
virtual reality (VR) content that i1s likely to cause
discomiort, the baseline VR content including a first
plurality of images;
program nstructions for executing an application to gen-
erate data based on VR content of the application, the
VR content including a second plurality of images, the
executing of the application being controlled by a user;

program 1instructions for identifying one or more patterns
in the data that correlate to one or more learned patterns
from the model likely to cause discomfiort;

program 1nstructions for collecting physiological feed-

back from the user;

program 1nstructions for determining one or more levels

of discomiort for the user based on the physiological
feedback when interfacing with the VR content 1n
association with the one or more patterns in the data
identified as likely to cause discomiort;

program instructions for classifying the user with a dis-

comiort classification based on the one or more levels
of discomtort that 1s determined, wherein the discom-
fort classification of the user indicates a discomiort
tolerance level when interacting with the one or more
patterns in the data that are 1dentified as likely to cause
discomfort; and
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program 1nstructions for generating a notification indicat-
ing that the VR content of the application generated
from the executing of the application is likely to cause
discomiort 1n the user based on the discomiort classi-
fication.

16. The non-transitory computer-readable

medium of claim 15, further comprising:

program 1nstructions for providing a recommendation
including a list of one or more video game fitles
suitable for the user based on the discomfort classifi-
cation of the user and one or more designed discomiort
classifications of the one or more video game ftitles.

17. The non-transitory computer-readable storage

medium of claim 15, further comprising:

program instructions for generating a second notification
that execution of a second application being controlled
by the user 1s likely to cause discomifort in the user
based on the discomiort classification of the user and a
designed discomiort classification of the second appli-
cation.

storage
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18. The non-transitory
medium of claim 15,

computer-readable storage

wherein 1n the computer program a pattern 1n the data that
1s 1dentified includes a pattern of actions taken by the
user during execution of the application, or a pattern of
images 1n the VR content of the application.

19. The non-transitory computer-readable storage
medium of claim 15, wherein the program instructions for
generating the notification includes:

determining that the application 1s likely to cause discom-

fort 1in the user when the discomfort tolerance level of
the user meets a threshold.

20. The non-transitory
medium of claim 15,

computer-readable storage

wherein 1n the computer program a discomiort classifi-

cation of the user 1s diflerent than a designed discom-
fort classification of the application.

G o e = x



	Front Page
	Drawings
	Specification
	Claims

