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(57) Abstract: Examples relate to testing applications us-
ing virtual reality. In one example, a computing device
may: cause display of a viewable portion of a virtual en-
vironment on a VR display of the VR device; cause dis-
play of a virtual user device within the viewable portion
of the virtual environment, the virtual user device corres-
ponding to a hardware device that is running an applica-
tion under test (AUT); cause display, on the virtual user
device, of a virtual user interface of the AUT; receive
feedback data indicating i) a change in the virtual envir-
onment, ii) a change in a state of the AUT, or iii) an inter-
action with the virtual user device; and in response to re-
ceiving feedback data, cause display of an updated view-
able portion of the virtual environment on the VR display.
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TESTING APPLICATIONS USING VIRTUAL REALITY

BACKGROUND

(00011 Applications are designed for use on many different types of computing
devices, such as server computers, laplop computers, tablet compuiters, mobile
phones, wearable computing devices, and embedded computing devices, such as
those included in many consumer appliances and vehicles, o name a few.
Applications are ofien tesled during and after development, e.g., Tor the purposes

of identifying errors and potential improvements.

Brier DESCRIPTION OF THE DRAWINGS
(00021  The following detailed description references the drawings, wherein:

(00037 FIG. 1 is a block diagram of an example computing device for esting

applications using virtual reality.

{00041  FIG. 2 is an example data flow for testing applications using virtua

reality.

(00051  FIG. 3 is an flustration of an example virtual environment depicling the

use of virtual reality to test an application.

[0006]  FIG. 4 is a flowchart of an example method for testing applications using

virtual reality.

DETAILED DESCRIPTION

{00071 Applications for many different compuling devices are often used 1o
interact with the physical world. For example, a mobiie phone application may be
used to navigale through a city, a theme park, or a refail store; an automobile
dispiay application may be used io track and display a car's location, speead, fuel
lavel, etc.; and an application running on a wearable computing device may make

use of near-field communications (NFC) to inferact with other nearby NFC
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davices. To test user experience and obtain user feedback on these and other
types of applications, virtual reality (VR) may be used o simulate, for a user, a

physical world experience, without the need for real-world, or on location, testing.

[0008]  Testing applications using virtual reality may have many advantages.
For example, many different situations may be simulated, enabling the testing of
user experience and feedback in a variety of situations, including situations hat
may only ocour rarely in the physical world. Testing applications using VR may be
safer, 8.g., as in the case of testing an automobile heads-up display {(HUD)
application. VR testing may also make testing available (o a wider audience, e.g.,
rather than needing to interact with the physical world, or a particular location

within the physical world, testing may be performed in any location.

(00081 By way of example, a mobile phone application for navigating within a
store, e.g., fo find various products for purchase, may be lested using a VR
system. A VR headset, worn by a user, may display a virtual store and a virtual
phone {o the user. The user interface of the application being tesled, ie. the
application under test (AUT), may be displayed on the viriual phone. The user
may test the application by interacting with the environment and/or the virtual
phone. For example, in a situation where the AUT provides a map of the slore
and navigates the user 1o a particular product, the user may move around within
the virfual store, observing the behavior of the AUT on the virtual phone. in this
example, many aspects of the AUT may be tested, such as the accuracy of
positional fracking, the accuracy of the deslination with respect o the particular
product, the usability of the AUT, interactions between the user and the virtual

phone and/or the AUT, and the overall user expsrience.

(00107 The system for lesting applications may be configured in g variely of
ways, with functionalily being spread across mulliple devices or included in &
single device. Further details regarding potential configurations, and for the
testing applications using virtual reglily, are described in further detaill in the

paragraphs that follow.

[0011] Referring now to the drawings, FIG. 1 is a block diagram of an example

computing device 100 for testing applications using virtual reality. Computing
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device 100 may be, for example, a server computer, a personal computer, 3
mobile computing device, a virtual realily device, or any other slecironic device
suiiable for processing data. In the embaodiment of FIG. 1, compuling device 100

includes hardwars processor 110 and machine-readable siorage medium 120,

{00127 Hardware processor 110 may be one or more central processing unils
{CPUs), semiconductor-based microprocessors, and/or other hardware devices
sultable for retrieval and execution of insfructions stored in machine-readable
storage medium 120. Hardware processor 110 may fetch, decode, and executs
instructions, such as 122-130, o conirol the process for testing an application
using virtual reality. As an alternative or in addition 1o relrieving and executing
instructions, hardware processor 110 may include one or more electronic circuits
that include slectronic componentis for performing the funclionality of one or more

of instructions.

[0013] A machine-readable storage medium, such as 120, may be any
slectronic, magnetic, optical, or other physical storage device that contains or
stores executable instructions. Thus, machine-readable storage medium 120 may
be, for example, Random Access Memory (RAM), an Eleclrically Erasable
FProgrammable Read-Only Memory {(EEPROM), a storage device, an optical disc,
and the like. In some implemeniations, storage medium 120 may be & non-
transitory storage medium, where the term "non-transitory” does not encompass
transitory propagating signals. As described in detail below, machine-readable
storage medium 120 may be encoded with a series of sxecutable instructions:

122-130, for testing applications using virtual reality.

(00147 A VR display 140 is In communication with the computing device 100,
and is operable to display data for a user, such as a virtual environment, a virtual
computing device, and a virtual representation of an application being fested. In
implementations where the computing device 100 is included in a VR device, the

VR display 140 may be the soreen.

(00151  In some implementations, VR device hardware 150 may be
communication with the computing device 100, and is operable o provide

feedback to the compuiing device 100. For example, the VR device hardware 150

3
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may be a controller for controlling movement of the user within a virtual
environment or sensors for fracking head movements and orlentation. While VR
device hardware 150 is represented in FIG. 1 by a single box, multiple and varying
types of VR device hardware 150 may be used for providing Teedback to the

computing device 100.

[0016] in some implementations, test device 1680 may be in communication
with the computing device 100, and is operable o provide feadback to the
computing device 100. For example, the test device 160 may be a computing
device on which an AUT is running, and the feedback may data that comes from

the AUT or from other applications running on the test device 160.

{00171  As shown in FIG. 1, the computing device 100 executes instructions
{(122) o cause display of a viewable portion of a virtual environment on a VR
display 140, e.g., of a VR device. Using the example situation of an application
being tested within a virtual store, the virtual environment may be a representation
of the store using thres dimensional graphics. The viewable portion may be the
portion of the virtual environment within the user’s field of view, e.g., the portion of
the virtual store than the user wearing a VR device would ses. The computing
device 100 provides the VR display 140 with first display data 132 that causes the

dispiay of the viewable portion of the virtual environment.

{00181  The source of the first display dala 132 may vary. For example, the
computing device 100 may slore pre-configured first display data 132 on an
attached or remote machine-readable storage medium, such as slorage medium
120. in some implementations, a separate virtual envirenment simulation moduls,
running on the computing device 100 or a separate device, may provide the first
display dala 132 and/or data including a configuration of the virtual environment.
For example, the developer of the AUT may provide the computing device with
details of a virtual store environment, such as the placement and attributes of
objecls within the environment, and thal information may be used by ihe

comptiting device o produce the particular virtual environment.

{00197 The virtual environment is designed to simulate a real world

environment, and may include a variely of objecls and details o make the

4
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simulation more realistic. For example, a virlual store environmeni may include
various products on shelves, customers moving throughout the store, shopping
carls, checkout lanes, store emplovees, and, in some implemeniations, may
incorporate sounds, smelis, and other sensory aspects capable of being simulated
by technology in communication with the VR device. The virtual snvironment may
also include virtual representations of objects that inferact with the AUT. For
example, wirsless beacons, such as Wi-Fi and/or Bluetooth devices placed
throughout the virtual store, may be included in the virtual environment for tracking
the position of a user of the AUT. Other examples devices may include other
devices running the AUT or other applications, point-of-sale devices and
applications, smart tags capable of being scanned by a device running the AUT,

and other types of obhiects capable of interacting with the AUT.

(00207  The virtual environment may include additional aspects that affect the
AUT andior the virtual device on which the AUT runs. For example, wireless
beacons included in the virtual environment may have simulated signal patterns
and simulated strength. Cther objects within the environment, such as store
shelving units, may have simulated interference attributes {0 simulate signal
interference, e.gq., between wireless beacons and the virtual device running the
AUT. The additional aspecis may vary greally, and may be designad o make the
virtual environment as realistic as possible or 1o simulaie specific situations to be

tastad.

(00217  The computing device 100 executss instructions (124} to cause display
of a virtual user device within the viewable portion of the virfual environment. The
virtual user device corresponds to a hardware device that is running an application
under test (AUT). For example, when lesting a mobile phone application, the
instructions 124 may send second display data 134 {o the VR display, the sscond
dispiay data 124 including date operable to cause the VR display to display, within
the viewable portion of the virtual environment, a virtual phone. The virtual user
device io be displayed may vary, e.¢., depending on the type of device on which
the AUT is to be tested. In some implementations, the second display data 134,
or data used by the computing device 160 to generate the second display dats,

may be provided by the hardware device thatl is running the AUT.
5



WO 2016/195648 PCT/US2015/033441

{00221  The computing device 100 execules instructions {128} to cause dispiay,
on the virtual user device, of a virtual user interface of the AUT. In the example
situation where the AUT is a mobile phone application for navigating through a
refall store, the third display data 136 may cause display of a map of the slorg,
including a marker for the position of the user within the store and a destination
where a particular product is localed. The user interface is displayed on the virtual

user device, £.g., on the virtlual mobile phone.

{00231  In soms implementations, the third display data 136 is provided to the
computing device 100 by the hardware device running the AUT. For example, a
mobile phone running the AUT may “cast” it's screen to the computing device 100,
which may in tum cause the VR display 140 to depict the screen cast, s.q.,
enabling the virtual user interface shown on the VR display to match the user

interface displayed on the aciual mobile phone.

{00241 The compuling device 100 executes instructions {128} to recsive
feedback data 138 indicating i} a change in the virtual environment, i} a change in
a state of the AUT, or i) an interaction with the virtual user device. As shown in
FIG. 1, feedback data 138 may be provided by a VR hardware device 150 andior
a test device 160. in some implementations, the VR hardware device 150 may
be, for example, a controller used 1o move the user within the virlual environment
or a combination of sensors used o determing the origniation of the user's head.
In some implementations, the test device 160 may be a computing device on
which the AUT is running, such as a mobile phone or g iest computing running the
AUT.

[00258] Feedback that indicates a change in the virtual environment may be, for
example, the addition, removal, or change of an object within the viewable or non-
viewable portion of the virtual environment, including any change in the virtual
representation of the user. In the retall store example, this may include the
addition or removal of shelving units, other virlual shoppers and/or emplovees,
adding or removing wireless beacons or changing their signal strength, and adding
or removing point-of-sale devices with which the AUT may interact, 1o name a few.

Ancther example of feedback that indicates a change in the virtual environment

§)
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includes a change in a position, within the virtual environment, of a virtual user of
the VR device or a change In a view orlentation of a virtual user of the VR device.
These changes may be fracked, for example, by the VR device itself and used, for
example, o determine location based accuracy of the AUT and for testing

movement-based aspects of an AUT.

[0026] Feedback that indicates a change in the slate of the AUT may be, for
example, changes that occur in the AUT without a change in the environment or
usear inferaction, such as timed relesasss of information or changes to AUT ssttings
or preferences.  Using the relall store example, this may include pericdically
pushing a coupon or advertisement to the AUT for viewing by the user. Feedback
that indicates an interaction with the virtual user device may be, for example, data
sent to the virtual user device by another virtual object or an interaction with the
virtual user device, or real user device running the AUT, by user input. Using the
retall store example, this may include pushing a coupon or advertisement to the
AUT for display when the user is within a certain rangs — e.g., determined by
signal sirength — of a beacon, or a butlon press or gesture or spoken instructions
provided by the user of the virtual user device, e.g., delected by user input
provided to the actual hardware device that corresponds 1o the virtual user device.
Many other types of feedback data 138 may be provided o the computing device

100 instead of or in addition io the examples described above.

{00271 The computing device 100 executes instructions {130) to cause, in
response o receiving the feedback data 138, display of an updated viewable
poriion of the virtual environment on the VR display 140. The fourth display data
142 provided to the VR display 140 may be, for example, data that causss a
change to the user inlerface of the virlual user device depicled in the example
environment. In the retail store example, in a sitluation where feedback data 138
indicates the position of the virtual user is within a cerlain range of a particuiar
beacon, the fourth display data 142 may cause a coupon 0 be displayed on the
virtual user device, e.g., a coupon for a product located near the user's virtual

location within the virtual environment.
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[0028]  The computing device 100, using the foregoing instructions, is designed
to produce a virtual experience that closely simulates a real-world experience for a
user of the VR device, which enables lesting of the AUT in conditions that
resemble those that may be encountered by a user in the real world. In the virtual
store example, a lester may delermine how varicus things affect the user
experience. For example, by tracking the user's gaze, tesiers may be able fo
determineg if pushing a coupon to the virtual user device causes the user 10 a) look
at the virtual user device, and/or b} find the product associated with the coupon. A
distance threshold from a wireless beacon may be adjusted o help testers identify
a threshold designed to maximize the chance that a user will find the product
associated with the coupon. The speed with which a user moves throughout the
virtual environment — measured, for example, by the VR device — may also have
ohservable value to a lesler, 2.¢., in the relaill store example, a user may be
moving too quickly for beacons o provide timely data, which may resull in AUT
developers implementing a speed threshold for determining when a coupon is
aligible t0 be served 1o a nearby user. In addition, testers may be able to
determine how signal interference and/or degradation affecis the user experience.
For example, if there are portions of the virtual store where signal is weak, testers
may be able to determine if users are able o find what they are looking for or
follow navigation instructions accurately. Teslers may add, remove, or change the
position of wireless beacons used for navigation throughout the virtual
environment and determine how various configurations affect the user experience.
in addition, interactions with other virtual devices, such as virtual point-ofsale
devices, smarf tags on skore shelving units or products, or other virtual user
devices running the AUT, may all be tested in the simulated reabworld

environment.

(00201  While the compuiing device 100 implemenis one possible configuration
of a device for using virtual reality o test applications, further examples and details
regarding the use of virtual realily in application testing are provided in the

paragraphs that follow.

(00307 FIG. 2 s an example data flow 200 for testing applications using virtual

reality. The data flow 200 depicts a testing device 210, which may be
8
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implemented in a computing device, such as the computing device 100 described
above with respect to FIG. 1. In some implementations, the testing device 210 is
the hardware device that corresponds 1o the virlual hardware device, e.g., the
device on which the AUT 220 is 1o be tested. In some implementations, the
testing device 210 emulates or simulates the hardware device that corresponds to
the virtual hardware device, e.g., a compuier may run the AUT 220, alone or an
addition to other testing tools, on an emulator that emulates a hardware device.
The AUT 220 may be running on the testing device 210 and/or on a separate
device in communication with the tesling device 210. For example, the tesling
device 210 may be a computing device running testing tools while the AUT 220 is

running on a hardware devics in communicaiion with the lesting device 210,

{00317  The VR device 230 is in communication with the testing device 210, and
is the device responsible for displaying the virtual environment 232 to g user. For
example, the VR device 230 may be a virtual reality headset, which may include,
among other things, a display screen andfor speakers. The VR device 230 is
oplionally in communication with one or more control devices, such as control
device 235, for providing input 1o the VR device 230, For example, a user may
remain stationary in the real world and use a joystick controller to move the virtual
representation of the user within the virtual environment 232. Other foms of
controliing the VR device 230 may also be used and may include, for example,
sensors for detecling movement andior orentation of the user's head, butions, &

touchpad, and/or a microphons for receiving voice commands, o name a few.

[0032]  The virtual environment simulation module 240 is in communication with
the testing device 210 and a virtual environment data 242 storage device. The
virtual environment simulation module 240 may be used (o provide the test device
210 with data o be represented in the virtual environment 232, In the relall store
application festing example, the data may include the layout of the virtual store,
the placement of all objects — including shelves, wireless beacons, other people,
ele. — within the storg, and altribules of those objects. The data may also include
the virtual assets, e.g., the graphic components and art required o produce the
virtual environment on the VR device. Movements of virtual people within the

store, sounds that occur in the sfore, and other sensations that can be simulated
g
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may also be included in the virtual environment data 242 for use in simulating a
real-world environment. The virtual environment simulation module 240 may be
implemented, in whole or in parl, in the lesling device 210 and/or a separate
comptiting device. In some implementations, the virtual environment simuiation

module 240 is included in or in communication with the VR device 230.

[0033] While the tesling device 210, AUT 220, VR device 230, virtual
anvironment simulation module 240, and virtual environment data 242 are all
depicted separately, mulliple configurations are possible. And indicated by box

250, each of the Toregoing componenis may be implemenied in single device.

(00341  In the sxample data flow 200, when the AUT is o be lesied, the test
device 210 provides virtual environment (VE) data 212 o the VR device 230. The
virtual environment dala 212 specifies the virlual environment 232 in which the
AUT 220 is to be tested. As discussed above, in the virtual retail store example,
this includes data specifving the detalls of the virlual store layout and objscis

within the virtual siore.

(00351 In the example data flow 200, the testing device 210 also provides
virtual computing device (VCD) data 214 to the VR device 230. The virtual
computing device daia 214 specifies the virtual computing device 234 on which
the AUT 220 is {0 be tested. The virtual computing device 234 corresponds o the
computing device, e.q., the aciual mobile phone on which the AUT 220 is to be run
and/or tested. For example, VCD data 214 for a mobile phone may include
graphical data required 1o produce a virtual version ¢of the mobile phong and, in
some implementations, fealures of the mobile phone t© be used during testing,
e.g., an sarpiece if one is being used, a curent slate of the mobile phone
including other applications running on i, and setlings — such as phone volume

tevel andfor screen brightness level.

[0036]  The lest device 210 also provides virtual user interface (VUL dala 216
to the VR device 230. The virtual user interface data 216 specilies data o be
dispiaved, by the VIR device 230, on the virtual display 236 of the virtual computing
device 234. For example, the VU data 216 may include the user interface of the

AUT 220 for reproduction on the virtlual mobile phone display 238, As discussed

10
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above, the VU dala may be provided by screen casting from the testing device
210 or, in implemeniations where the testing device is separate from the hardware
device on which the AUT is being simulated, the separate hardware device, e.g.,

an actual mobile phone running the AUT.

{00377 The virtual environment 232 depicted in the example data flow 200
depicts a scene that places a user of the VR device 230 in a virtual store near
shelving units. The virtual environment 232 includes a beacon device 238, which
may be a Bluetooth enabled beacon that, in the example AUT 200, is designed o
push a coupon to display when the virtual user device 234 is within range of the

beacon device 238.

{00387 The VR device 230 provides feedback data 218 o the fesling device
210. The feedhack dala 218 indicates i} a change in position, within the virtual
environment 232, of the virtual user of the VR device 230, or ii) a change in a view
orientation of a virtual user of the VR device 230. For example, if the user either
causes the virtual user to move within the virtual environment 232 or looks around
within the virtual environment 232, feedback data 218 indicaling the changs is

sent to the testing device 210,

[0038] The testing device 210 provides the virlual environment simulation
module 240 with sensory data 222 that is based on the feedback data 218. The
sensory data indicates the position and/or orentation of the virtual user of the VR
device 230. in some implemeniations, the virlual environment simulation module
240, alone or in conjunction with the testing device 210, may use the sensory data
222 1o determine a new state of the virtual computing device 234, For exampls,
when if the virtual user moved closer 1o the beacon 238, the virtual environment
simulation module 240 may determine a simulated signal strength level for

wireless signal received by the virtual user device 234.

(00407 The virlual environment simulation module 240 provides the testing
device 210 with computing device state data 224 that indicates the change in the
simulated state of the computing device being simulated. The testing device 216
may use the computing device state data 224 and the AUT 220 to obiain updated

VUl data. For example, in a siluation where the AUT 220 is configured to display

11
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a coupon when the viriual computing device 234 is within a cerlain signal strength,
when the computing device state change data 224 indicales that the virlual
computing device 234 is within the certain signal strength level, the AUT 220 may
provide updated VUI daia that includes a graphical representation of a coupon for

dispiay on the virtual display 236,

(004117  The updated VUI data is provided 1o the VR device 230, which causes
the virtual display 236 of the virtual user device 234 to be updated. For exampile,
the coupon may be displayed. Other example use cases in the retail store
example may include: prompling the user 1o inleract with the beacon 238 using a
NFC connection {o obiain a coupon, using the beacon 238 and other beacons to
determine the user's location within the virfual store and provide a map indicating
the location for display, permitting the user {0 use the virtual computing device 234
to scan a smart {ag, e.q., by taking a picture of a virtual representation of a smart
tag that causes the AUT to display more information about a particular product,
and facilitating a virtual interaction between the virtual computing device 234 and

ancther virtual device, such as a point-of-sale devics.

(00421  In some implementations, the lesting device 210 may obtain data
indicating an interaclion with the virtual user device 234. For example, if a user
interacis with the virtual user device 234 - e.g., within the virtual environment 232
or in the real world with a real computing device that is screen casting to the virtual
computing device, the VR device 230 or computing device running the AUT -
whichever was used to interact — may provide datla indicating the inleraction to the
testing device 210, in this situation, the lesting device 210 may again obfain
updated AUT state data that is based on the interaction. For example, if a user
inferacis with the AUT by using voice commands to search for a product within the
virtual store, the AUT may change stale by displaving a search or navigaiional
interface. The testing device 210 may then provide data to the VR device 230 that

causgs display of the updated user interface within the virtual environment 232.

(00431  In some implementations, an update o the state of the AUT and virtual
environment display may be caused by a changs in the virtual environment 232.

For example, if a tester changes the configuration of the virtual environment or

12
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objects within if, this may affect the siate of the AUT, which may cause anocther
update to the AUT display. In some implementations, the AUT may cause a
change in ihe state of the AUT. For example, in situations where the AUT uses a
time-based release of information, the AUT may determine o updale the display
based on its configuration. As with the examples above, in this situation the
testing device 210 will also cause the VR device 230 1o update the virtual display

236 of the virtual computing device 234,

{00441  As discussed above, many aspects of the user experience with the AUT
may be tested when using virtual reality. For example, the range at which certain
evenis are triggered may affect the user's ability to find a particular beacon or
product; audible noise within the virtual environment may aflect the user’s ability to
hear any audible nolifications the AUT causes the virtual computing device 234 {o
produce; and inaccurate positional tracking may affect how a user interacts with
the AUT or moved around the virtual gnvironment 232, Many other aspects of an

AUT may be tested in a wide variely of environmenis.

(00451 FIG. 3 is an illusiration of an example virtual environmaent 310 depicting
the use of virtual reality to test an application. The application being tested, e.q.,
the AUT, is a heads-up-display {(HUD) for a vehicle. The AUT causes a semi-
transparent HUD o display various information about the vehide, such as the
travelling speed, fugl level, and navigational information. Testing the AUT using
virtual reality may, in this example, be safer for a user than testing the AUT would
be in the real world, and many conditions — such as weather, obstructions, other
vehicles, and distractions — may be included in the virtual environment 310 for

testing situations that might not be encountered often in the real world.

[00468] The sxample virtual environment 310, depicts a cellular tower 330 and a
sateliite 340, which may be in communication with the virtual computing device
causing display of the HUD, such as a computer included in the automobile.
Many things may affect the signal between the celiular fower 330, sateliiile 340,
other celliular towers and satsllites that are not depicted, and the virtual computing
device. As noted above, weather may affect signal, e.g., GPS signal sent from a

GPS; obstructions, such as bridges and buiidings, may also affect signal. Many
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other aspects, aside from how signals affect vehicle navigation, may be tested,
such as the user experience wilh respect {0 various nolifications or other
information that is displayed on the HUD. Eye tracking technology may be used to
determine where user’s direct their attention, allowing developers of the AUT 1o
determine, for gxample, which notifications are most useful to users without being
disruptive or distracting. Faclal expression tracking and emotion measurement
technology may be implemented o determine how a user reacts or feels in

different situations.

(00477 Many other applications in many different seltings and on many different
devices may be tfeslted using virtual reslity. For example, a smart watch
application may be used to navigate through a theme park and receive location-
based content, testing of which may be performed using virtual reality. As another
example, a medical application designed to run on a tablet compuler and assist
with medical procedures may be iested using virtual reality, allowing it {0 be tested
on a virtual patient.  In addition, the flexibility of virtual reality configurations may
allow for a single VR lesting system 0 be used to simulate and test a variety of

different applications on a variety of different devices.

(00487 FIG. 4 is a flowchart of an example method 400 for testing applications
using virlual reality. The method may be implementad by a computing device,

such as computing device 100 described above with reference to FIG. 1.

[0048]  Virtual environment data is provided o a virtual reality (VR) device, the
virtual environment data specifying a virtual environment in which an application
under test (AUT) is 10 be lested (402). In the vehicle HUD sxample, the virtual
environment may specify the virfual environment as the inside of an automobile on

a road or in a parking lot,

(00501 Virtual computing device data is provided to the VR device, the virtual
computing device data specifying a virtual computing device on which the AUT is
to be tesied {404). For example, a fest computing device may provide dala
specifying that an on-board computer of the vehicle is the computing device on

which the HUD application is o be tesied.
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{00511 Virtual user interface data is provided 1o the VR device (408). The
virtual user interface data is i) based on a current siate of the AUT, and i)
specifies data fo be dispiaved, by the VR device, on a virtual display of the virtual
computing device. For example, virtual interface data for the vehicle HUD
application may be based on a simulated location and status of the vahicle, as well
as the status of the HUD application, e.g., actively navigating and/or tracking
speed, and the dala displayed on the HUD may be specified by the virtual user

interface data.

[0052]7  Updated AUT slate data is oblained from the AUT, indicating a change
in the current siate of the AUT {408). For example, the AUT running on the test
computing device may change state, e.g., a tester may change the AUT while HHis

running, altering the data to be displayed on the vehicle HUD.

[0053] Updsated virtual user interface data is provided to the VR devics for
display on the virtual display of the virtual computing device (410). In the gxample
situation where the information o be displayed on the vehicle HUD is to be
changed, the tesi computing device may provide, 1o the VR device, the information

necessary o update the virtual HUD.

[0054]7 The foreqoing disclosure describes a number of  example
implementations for testing applications using virtual reality. As detailed above,
examples provide a mechanism for simulating the real world and applications
within a virtual environment and potential applications of a system that is capable

of providing a mechanism o test applications using virtual reality.
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CLams

We claim:
1. A non-transitory maching-readable storage medium encoded with
instructions executable by a hardwarg processor of a virtual reality (VR) device
for lesiing applications using virtual reality, the machine-readable storage
medium comprising instructions to cause the hardware processor (o

cause display of a viewable portion of & virlual environment on a VR
display of the VR device;

cause display of a virtual user device within the viewable portion of the
virfual environment, the virtual user device corresponding {0 a hardwarg device
that is running an application under test (AUTY;

cause dispiay, on the virtual user device, of a virtual user interface of the
AUT,

receive feedback data indicating i) a change in the virtual environment, i)
a change in a state of the AUT, or i} an interaction with the virtual user device;
and

in response o receiving feedback data, cause display of an updated

vigwabie portion of the virtual environment on the VR display.

2. The storage medium of claim 1, wherein the fesedback data indicates a
change in the virtual environment, the change in the virtual environment
comprising at leasi one of

a change in a position, within the virlual environment, of a virlual user of
the VR device;

a change in a view orientation of a virtual user of the VR device;

an addition, removal, or change of an object within the viewable portion
of the virtual environment; or

an addition, removal, or change of an object within a non-viewable

portion of the virtual environment,

3. The storage medium of claim 2, wherein the updated viewable portion of

the virtual environment includes an updated virtual user interface of the AUT.
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4, The storage medium of claim 1, wherein:
the feedback dala is received from a separate compuling device;
the feedback data indicates a change in the state of the AUT, and
the updated viewable portion of the virtual environment includes an

updated virtual user interface of the AUT.

5. The storage medium of claim 1, wherein:

the feedback data indicates an interaction with the virtual user device,
and

the updaled viewable portion of the virtual environment includes an

updated virtual user interface of the AUT,

8. The storage medium of olaim 1, wherein the virlual environment includes
a segcond virtual device that corresponds 1o a second AUT, and wherein the
instructions further cause the hardware processor 1!

receive second AUT data from a separate computing device; and

in response o receiving second AUT data, cause display, on the virtual

user device, of an updated virtual user interface of the AUT.

7. The storage medium of claim 1, wherein:
the feedback data indicates a change in posilion, within the virlual
gnvironment, of a virtual user of the VR device, and
the updated viewable portion of the virtual environment is based on the
change in position, and wherein the instructions further cause the hardware
processor {o:
send data indicatling the change in position to the hardware device
running the AUT;
receive, from the hardware device, AUT user interface data, the
AT user interface data being based on the change in position; and
cause display of an updatled virtual user inferface of the AUT, the

updated virtual user interface being based on the AUT user interface data.
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8. A compuling device for lesting applications using virtual reality, the
computing device comprising:
a hardware processor; and
a data storage device storing instructions that, when sxecuted by the

hardware processor, cause the hardware processor o

provide virtual environment data o a virtual reality (VR) device,
the virtual environment data specilfving a virtual environment in which an
application under test (AUT) is o be tesled;

provide virtual computing device dala o the VR device, the virtual
compuling device data specifying a virtual computing device on which the AUT
is 1o be lested, the virtual computing device corresponding to the computing
device;

provide virtual user inferface data o the VR device, the virtual
user interface data specifying data o be displaved, by the VR device, on a
virtual display of the virtual computing device;

receive, from the VR device, feadback data indicating i) a change
in position, within the virtual environment, of a virtual user of the VR devics, or
i) a change in a view orientation of a virtual user of the VR device;

provide a virtual environment simulation module with sensory data
indicating at least one of a position or orientation of the virtual user of the VR
device, the sensory data being hased on the feedback data;

receive, from the virlual environment simulation module,
computing device stale data indicating a change in a simulated slate of the
computing device;

obtain, using the AUT, updated virtual user interface data that is
based on the change in the simulated state of the computing device; and

provide, o the VR device, the updated virtual user interface data

for display on the virtual display of the virtual computing device,

9. The computing device of claim 8, wherein the instructions further cause

the hardware processor to:
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obtain interaction lest data indicating an interaction with the virtual user
device;

obtain updated AUT state dala using the interaction test dala, the
updated AUT siate data indicating a change in a state of the AUT,; and

provide, o the VR devics, updated display data for display on a2 VR
display of the VR device, the updated display data being based on the updated
AUT stale data.

10.  The computing device of claim 8, wherein the instructions further cause
the hardware processor to:

obtain environment fest data indicaling a change in the virtual
gnvironment;

obiain updated AUT siate dala using the environment test data, the
updated AUT state dala indicating a change in a state of the AUT,; and

provide, to the VR device, updaled digplay data for display on a VR
display of the VR device, the updated display data being based on the updatsd
AUT state data.

11.  The computing device of claim 8, wherein the insiructions further cause
the hardware processor {o:

recaive, from the AUT, updated AUT slate dala indicating a change in a
staie of the AUT,; and

providg, 1o the VR device, updated display data for display on & VR
display of the VR device, the updated display data being based on the updated
AUT state data.

12. A method for testing applications using virlual reality implemented by at
least one data processor, the method comprising:

providing virtual environment data to a virtual reality {(VR) device, the
virtual environment data specifying a virtual environment in which an application
under test (AUT) is to be tested;

providing virtual computing device data o the VR device, the virtual
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computing device data specifying a virtual computing device on which the AUT
is o be lested;

providing virtual user interface data to the VR device, the virtual user
interface data i) being based on a cumrent state of the AUT, and i) specifying
data to be displayed, by the VR dsvice, on a virtual display of the virtual
computing device;

obtain, from the AUT, updated AUT stale data indicating a change in the
current state of the AUT,; and

provide, o the VR device, updated virtual interface data for display on
the virtual display of the virtual compuling device, the updated virtual interface

data being based on the updated AUT state data.

13. The method of claim 12, further comprising:

receiving, from the VR device, feedback data indicating i) a change in
position, within the virtual environmenti, of a virlual user of the VR device, orii) a
change in a view orientation of a virlual user of the VR devics;

providing a virtual environment simulation module with sensory data
indicating at irast one of a position or orientation of the virtual user of the VR
device, the sensory data being based on the feedback data;

receive, from the virlual environment simulation module, compuiling
device state data indicating a change in a simulated stale of the computing
device;

obtain, using the AUT, second updated virtual user interface data that is
based on the change in the simulaled state of the computing device; and

provide, o the VR device, the second updated virtual user interface daia

for display on the virtual display of the virtual computing device.

4. The method of claim 12, further comprising:

oblaining interaction test data indicating an interaction with the virtual
user device;

obtaining second updated AUT stale dala using the interaction test data,

the second updated AUT state data indicating a second change in the current

20



WO 2016/195648 PCT/US2015/033441

staie of the AUT,; and

provide, o the VR device, updated display data for display on a VR
display of the VR device, the updated display data being based on the second
updated AUT siate data.

15, The method of claim 12, further comprising:

oblaining environment test dala indicaling a change in the virual
gnvironment;

obtaining updated AUT state dala using the environment lest dals, the
updated AUT siate data indicaling a change in a state of the AUT,; and

providing, to the VR device, updaied display data for display on a VR
display of the VR device, the updated display data being based on the updated
AUT state data.
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4i4

400

Provide virtual environment date to g virtual reality
(VR device, the virtual environment data
specifying a virtual environment in which an
appiication under test {AUT) is o be tested

-~ 42

¥

Provide virlual computing device data to the VR

device, the virtual computing device data 404

specifying a virtual computing device on which
the AUT is {o be tested

Frovide virtual user inferface data to the VR 1— 408
device

‘

Obtain, from the AUT, updated AUT state data
indicating a change in the current state of the 408
AUT

4

Provide, 1o the VR device, updated virlual
interface data for display on the virtual display of §-410
the virtual computing device

FiG. 4



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2015/033441

A. CLASSIFICATION OF SUBJECT MATTER
GOGF 9/455(2006.01)i, GO6T 17/00(2006.01)i

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
GOOF 9/455; GOGF 15/16; GOGF 9/44; GO6T 17/00

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & Keywords: application, test, virtual environment, simulation

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 2010-0146487 A1 (CHUN, I. et al.) 10 June 2010 1-15
See abstract; paragraphs [0067]-[0084]; and figs. 5 and 6.
A US 2014-0180666 A1 (MUTTIK, I.) 26 June 2014 1-15
See abstract; paragraphs [0020]-[0028]; and fig. 5.

A US 2013-0275945 A1 (KOLLBERG, D. et al.) 17 October 2013 1-15
See abstract; paragraphs [0017]-[0033]; and fig. 3.

A US 2006-0212540 A1 (CHON, K. et al.) 21 September 2006 1-15
See abstract; paragraphs [0068]-[0072]; and fig. 5.

A US 2011-0083122 A1 (CHEN, J. et al.) 07 April 2011 1-15
See abstract; paragraphs [0045]-[0050]; and fig. 2.

|:| Further documents are listed in the continuation of Box C. See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" carlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referting to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
11 February 2016 (11.02.2016) 12 February 2016 (12.02.2016)
Name and mailing address of the [SA/KR Authorized officer
International Application Division
¢ Korean Intellectual Property Office YU, Jintae

189 Cheongsa-ro, Seo-gu, Daejeon, 35208, Republic of Korea

inb;imile No. +82-42-472-7140 Telephone No. +82-42-481-8530

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



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US2015/033441
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2010-0146487 Al 10/06/2010 KR 10-2010-0065046 A 15/06/2010
US 8549491 B2 01/10/2013
US 2014-0180666 Al 26/06/2014 WO 2014-099623 Al 26/06/2014
US 2013-0275945 Al 17/10/2013 US 2014-372991 Al 18/12/2014
US 8782615 B2 15/07/2014
US 2006-0212540 Al 21/09/2006 US 7441236 B2 21/10/2008
WO 2006-047741 A2 04/05/2006
WO 2006-047741 A3 07/05/2009
US 2011-0083122 Al 07/04/2011 None

Form PCT/ISA/210 (patent family annex) (January 2015)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - wo-search-report
	Page 28 - wo-search-report

