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(54) Title: IMMERSIVE GAMING

FIG. 1

(57) Abstract: Various systems and methods for providing
immersive gaming are provided herein. A portable comput-
ing system for providing an immersive experience com-
prises a display; a graphics unit to present the immersive ex-
perience to a user on the display; a communication subsys-
tem to determine a resource level of a resource coupled to
the portable computing system; wherein the graphics unit is
to present a representation of the resource level to the user
in the immersive experience; wherein the communication
subsystem is to: detect that the resource was replaced with a
replacement resource, the replacement caused by a real-
world interaction with the resource by the user; and determ-
ine a replacement resource level of the replacement re-
source; and wherein the graphics unit is to present a repres-
entation of the replacement resource level in the immersive
experience on the display.
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IMMERSIVE GAMING

5
PRIORITY APPLICATION

[8681] This application claims the benefit of priority to U.S. Application
Serial No. 15/078,821, filed March 23, 2016, which is incorporated herein by
reference in its entirety.

10

TECHNICAL FIELD

{8682] Embodiments described herein generally relate to gaming interfaces
apparatus and in particular, to immersive gaming.

15 BACKGROUND

[B663] Augmented reality (AR) viewing may be defined as a live view of a
real-world environment whose elements are supplemented (e.g., augmented) by
computer-generated sensory input such as sound, video, graphics, or haptic
feedback. Virtual reality (VR) takes AR one step further and provides a fully

20 immersive virtual world for the user. A head-mounted display (HME), also
sometimes referred to as a helmet-mounted display, is a device worn on the head
or as part of a helmet that is able to project images in front of one or both eyes of
a user. An HMD may be used for various applications including sugmented
reality or virtual reality simulations. HMDs are used in a variety of fields such as

25 military, gaming, sporting, engineering, and training.

BRIEF DESCRIPTION OF THE DRAWINGS

{86841 In the drawings, which are not necessarily drawn to scale, like

nurnerals may describe similar components in different views. Like numerals
30 having different letter suffixes may represent different instances of similar

components. Some embodiments are illusirated by way of example, and not

limnitation, in the figures of the accompanying drawings in which:

[6005]  FIG. 1 is an HMD system for immersive experiences, according to an

embodiment;

35 {6606} FIG. 2 is an HMD, according to an embodiment;
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[6607] FIG. 3 is another HMD, according to embodiment;
[8088] FHIG. 4 is an illostration of a system that incorporates a host computing
unit and a battery assembly, according to an embodiment;
(6609]  FIG. 5 is an example user interface of a VR expericnce, according to
5 an embodiment;
[0618] FIG. 6 is a schematic drawing Ulustrating a head-mounted display
system, according to an embodiment;
{86611] FIG. 7 is a flowchart illustrating control and data flow, according to an
embodiment;
10 [6612] FIG. 8 is a block diagram tllustrating a system, according to an
embodiment;
(6613] FIG. 9 is a flowchart iHustrating a method for providing an immersive
experience, according to an embodiment; and
[4814] FIG. 1015 a block diagram illustrating an example machine upon
15 which any one or more of the techniques (e.g., methodologies) discussed herein

may perform, according to an example embodiment.

DETAILED DESCRIPTION
[6615] In the following description, for purposes of explanation, numerous
20 specific details are set forth in order to provide a thorough understanding of
some example embodiments. It will be evident, however, o one skilled in the art
that the present disclosure may be practiced without these specific details.
[6616] Head-mounted displays (HMDs) use significant computing power o
run. The computing power requires a large capacity battery to obtain reasonable
25  wireless operation {e.g., untethered from main power). Multiple batteries may be
used to further increase battery capacity, but such configurations may encumber
the user or detract from the inmersive nature of AR or VR experience.
{86177  In many AR or VR experiences the user consumes resources within
the experience, which may need to be replenished as part of the ongoing
30 experience. For example, in a gaming confext a user may fire a gun or operate a
vehicle, where the gun expends rounds or the vehicle expends fuel. In order to
contine playing the user periodically reloads the weapon or refuels the vehicle.
Various actions may cause the reload or refuel, for example, maneuvering the

virtual vehicle to pass over a refuel pod or o touch a button on a controller to
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reload a weapon. These actions are unnatural and remove some of the inunersive
nature of the experience. What is needed is a mechanism to enhance the virtual
experience and maintain immersion in the environment.
{6618] Systems and methods described herein implernent immersive

5 gameplay. Although the examples included in this document primarily refer to
gaming and game play, it is understood that the same or similar functionality
may be implemented with other AR or VR experiences, such as shopping, virtual
traveling, social media interactions, teleconferences, or the like. In general, a rea
world depletable or consumable resource may be represented electronically in an

10 AR or VR environment. In order to replenish the resource, the user manipulates
a physical object in the real world, which is then represented in a revised
presentation in the AR or VR environment. As an example, a battery charge
level may be represented as a weapon energy level in a game. As the battery
charge depletes, the weapon’s energy level correspondingly depletes. In order to

15 recharge (e.g., reload) the weapon, the user physically replaces the battery in the
real world. The battery may be formed in the shape of a gun magarine in order to
further immerse the user in the experience. Multiple batterigs may be used to
power the AR or VR system in order to ensure continuous aptime. In a maltiple-
battery system, the user may replace a single battery at a time to increase in-

20 game resources {e.g., ammo, vehicle fuel, magic capacity, weapon charge, etc.).
{66197 FIG. 1 is an BMD system 100 for immersive experiences, according
to an embodiment. The system 100 includes a host computing unit 102, which is
used to operate a head-mounted display (HMD) 104, and is powered by a battery
assembly 106. The battery assembly 106 may include one or more batteries, any

25  of which may be hot swappable by the user. The host computing anit 102 may
inchude a main battery 103 that is incorporated into the host computing unit 102
and used as a reserve battery. For example, during operation, the batteries in the
battery assembly 106 may be expended first, and then while they are being
swapped out or when they are depleted, the main battery 108 may be used 1o

30  power the host computing unit 102 and the HMD 104.

186287 The host computing unit 102 and HMD 104 may be physically
coupled, such as with a cable 110 to provide power, video signals, and audio
signals to the HMD 104 from the computing unit 162, and control and data

signals from the HMD 104 to the computing unit 162, Alternatively, the HMD
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104 may be self-powered using one or more batteries or other power sources.
When the HMD 104 is self-powered, a wireless connection may be used in place
of a wired connection in order to provide a greater freedom of motion for the
user.

5 [6621] The host computing unit 102 may take on various forms, such as a
breastplate, a belt pack, or be incorporated into wearable devices such as
clothing, belmets, backpacks, wrist-based devices, or the like. Because of the
power and computational requirements to provide AR or VR experiences,
conventional units may be relatively large and may be incorporated or worn in

10 larger packages. As technology advances, the size of the host corputing umnit
102 may be miniaturized to a point where the host computing unit 104 may be
incorporated into a wrist watch-type form factor.

{6622] The HMD 104 may come in a variety of form factors including
goggies, visors, glasses, helmets with face shields, and the hike. As techmology

15 improves, HMDs are becoming more affordable for consumer devices and
smaller and lighter to accommaodate various applications.

{86231 FIG. 215 an HMD 104, according to an embodiment. The HMD 104
includes a display surface 200, a camera array 202, and processing circuitry (not
shown). An image or multiple images may be projected onto the display surface

28 200, such as by a micro-display. Alternatively, some or all of the display surface
2(0 may be an active display (e.g., an organic light-emitting diode (OLED))
display able to produce an image in front of the user. The display also may be
provided using retinal projection of various types of light, using a range of
mechanisms, inchiding (but not limited to) waveguides, scanning raster, color-

25  separation and other mechanisms.

[6624]  The camers array 202 may include one or more cameras able to
capture visibie light, infrared, or the like, and may be used as 2D or 3D cameras
{e.g., depth camera). The camera array 104 may be configured to detect a gesture

made by the user (wearer).

[ 9]
<

[6625] Aninward-facing camera array (not shown) may be used to track eve
movement and determine directionality of eye gaze. Gaze detection may be
performed using a non-contact, optical method to determine eye motion. Infrared
light may be reflected from the user’s eye and sensed by an inward-facing video

camera or some other optical sensor. The information is then analyzed to extract
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eye ratation based on the changes in the reflections from the user’s retina.
Another implementation may use video to track eye movement by analyzing a
corneal reflection {(e.g., the first Purkinje image) and the center of the pupil. Use
of multiple Purkinje reflections may be used as a more sensitive eye tracking

5 method. OGther tracking methods may also be used, such as tracking retinal blood

vessels, infrared tracking, or near-infrared tracking techniques. A aser may
calibrate the user’s eye positions before actual use.

18626] HIG. 3 is another HMD 300, according to embodiment. The HMD 300
in FIG. 3 is in the form of eyeglasses. Similar to the HMD 104 of FIG. 2, HMD

10 300 includes two display surfaces 302 and a camera array 304. Processing
circuitry and inward facing cameras (not shown) may perform the functions
described above.

{86627]  FIG. 4 is an illustration of a system that incorporates a host computing
unit 102 and a battery assembly 106, according to an embodiment. The host

15 computing unit 102 may be attached to support apparel, which may be a vest,
saspenders, belt, coat, pants, cloak, or the like. In the example illustrated in FIG.
4, the support apparel is a vest 400. The battery assembly 106 may also be
attached or supported by the same support apparel that the computing unit 102 is
attached to or supported by, or may be attached to or supported by a different

20 apparel member. For example, the hattery assembly 106 may be supported by a
holster worn around the user’s waist or leg, and the computing unit 102 may be
supported by a backpack-like apparel worn on the user’s back and suspended
over the user’s shoulders. Various other form factors may be used without
departing from the scope of the present disclosure.

25 {6628}  In use, the computing unit 102 and battery assembly 106 are coupled
by a power line cord, where the battery assembly 106 is used to provide at least a
portion of the power needed to operate the computing unit 102. Other sources of
power may be available for the computing unit 102, such as an integrated battery
inside the housing of the computing unit 102, or a second battery assembly

30 separate from the battery assembly 106. As another example, batteries may be
stored in a weapon-shaped controler such that replacing the battery simulates
reloading the weapon. Batteries may have a form similar to a Ymm magazine. In
this example, when the user replaces a battery, it is similar in action and function

as replacing a magazine to reload a weapon. Thus, as the user is experiencing the
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AR or VR experience provided by the host computing unit 102 via the HMD
102, the user may swap out one or more batteries from the battery assembly 106
{or a secondary battery assembly, etc.) in a manner consistent within the AR or
YR experience.

5 8629 FIG. 5 is an example aser interface 500 of a VR experience, according
to an embodiment. In the user interface 560 illustrated, a resource meter 502 is
displayed. The resource meter S02 may be independent from the namber of
rounds used to fire the weapon 504, and instead be tied to the amount of battery
charge left in the batteries currently situated in the battery assembly 106. As the

10 battery charge depletes, the resource meter 502 is updated to reflect the current
battery charge. The user monitors the weapon’s rounds, the player’s health, and
ather statistics or metrics of gameplay along with the battery charge indicated by
the resource meter 302. If the resource meter 302 completely depletes, the user
may lose a hife, for example, in gameplay. As such, the aser is incentivized to

15 monitor the resource meter 502 and when appropriate, change out one or more
batteries in the battery assembly 106. Based on the example tHustrated in FIG. 4,
the user may store backup batteries in one or more pouches on the vest. In this
manner, as the user is experiencing the virtual reality interaction of the game
world, the user is also manipulating real-world objects, thereby further

20 enhancing the immersion in the VR experience.

[6638]  While battery charge s used in these examples, other resources may
be represented in the AR or VR experience, such that the user is prompted or

understands the need to replenish, change out, or otherwise perform actions on
real-world objects in order to further gameplay. For example, a user may swap

25  out a USE drive as log data fills it to capacity. As another example, a user may
swap out a processing core when the working processing core’s temperature
reaches thermal thresholds.

[8631] FIG. 615 a schematic drawing tllustrating a head-mounted display
system 600, according to an embodiment. The HMD system 600 includes a

30 visual display unit 602, an accelerometer 604, a gyroscope 606, a gaze detection
unit 608, a world-facing camera array 610, and a microphone array 612.

[6032]  The visual display unit 602 is operable to present a displayed image to
the wearer (e.g., user) of the HMD system 600, For AR, the visual display unit

602 may operate in any manner including projecting images onto a translucent
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surface between the user’s eye(s) and the outer world, the translucent surface
may implement mirrors, lenses, prisms, color filters, or other optical apparatus to
generate an image. The visual display unit 602 may operate by projecting images
directly onto the user’s retinas. In general, the visual display unit 602 may
operate to provide an augmented reality { AR) experience where the user is able
to view most of the real world around her with the computer generated image
{CGD {e.g., AR content) being a relatively small portion of the user’s field of
view. The mixture of the virtual reality images and the real-world experience
provides an immersive, mobile, and tlexible experience. For VR, the visual
display unit 602 may project imagery onto an opaque surface or surfaces,
presenting a completely artificial environment to the user.

{6633] The HMD system 600 includes an inertial tracking system that
employs a sensitive inertial measarement unit {IMU). The IMU may include the
accelerometer 604 and the gyroscope 606, and optionally includes a
magnetometer. The IMU is an electronic device that measures a specific force,
angular rate, and sometimes magnetic field around the HME system 600. The
IMU may calculate six degrees of freedom allowing the HMD system 600 to
align AR content to the physical world or to generally determine the position or
movement of the user’s head.

[6634] The gaze detection unitf 608 may employ an eye tracker to measure the
point of gaze, allowing the HMD sysiem 600 to determine where the user is
Iooking. Gaze detection may be performed using a non-contact, optical method
to determine eve motion. Infrared light may be reflected from the user’s eye and
sensed by an inward-tacing video camera or some other optical sensor. The
information is then analyzed to extract eye rotation based on the changes in the
reflections from the user’s retina. Another implementation may use video to
track eye movement by analyzing a corneal reflection {e.g., the first Purkinje
image) and the center of the puptl. Use of maltiple Purkinje retlections may be
used as a more sensitive eye tracking method. Other tracking methods may also
be used, such as tracking retinal blood vessels, infrared tracking, or near-infrared
tracking techniques. The gaze detection unit 608 may calibrate the user’s eye
positions before actual use.

[6635] The world-facing camera array 610 may include one or more infrared

or visible light cameras, able to focus at long-range or short-range with narrow
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or large fields of view. The world-facing camera array 610 may be used to
capture user gestures tor gesture control input, environmental landmarks,
people’s faces, or other information to be used by the HMD system 600.
{6636]  In operation, while the user is wearing the HMD system 600, the user
5 may be interacting with several people, each of whom are talking. When the user
looks at one of the talking people, the microphone array 612 is configured to
capture audible data emanating from the direction corresponding with the user’s
gaze. An automatic speech recognition {ASR) unit 614 may be configured to
identify apeech from the audible data. The ASR unit 604 may interface with a
10 language translation unit 616, which may be used in some cases to iransiate the
received sound data from a first language to a second language.
{86371  The microphone array 612 may include two or more raicrophones. For
example, to cover the span of a user’s forward gaze (e.g., roughly 180 degrees),
eighteen microphones may be used in the mucrophons array 612, with each
15 microphone covering approximately ten degrees of arc.
[8038] Portions of the HMD system 600 may be physically embodied in
separate apparatus or devices. For example, the visual display unit 602 may
inchide one or more specialized processor (e.g., graphics processing units
(GPUs)). Alternatively, the GPUs may be housed in a separate apparatus {e.g.,
28 host computing unit 102) that provides video signals to the visual display unit
602.
[6639]  The HMD system 600 may also optionally include one or more
batteries 618, one or more storage devices 620, or other auxiliary devices 622.
The HMD system 600 may also optionally include swappable processing cores
25 624, such as swappable GPUs. A processing core 624 may inclade circuitry to
down step processing power when thermal thresholds are exceeded. This is
commonly referred to as thermal throttling. For example, some processors
inciade circuitry to prevent overheating during heavy use by stepping down the

operating clock speed of the processor. By reducing clock speed, the operating

[ 9]
<

voltage may also be reduced, thereby reducing heat output. However, the
reduction in clock speed also reduces the processor’s performance. As such, in
an example, the user is able to hot swap a GPU or other co-processor in order (o
maintain or increase the processing power available for video rendering. In such

an example, the temperature of the swappable processor may be represented in
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the virtual experience and integrated into gameplay or other aspects of the virtual
environment.
[6640]  Similarly, a storage device 620 may be hot-swappable. For example, a
USB storage device may be connected to the HMD system 600, During the

5 immersive experience {e.g., AR or VR event), the storage device 620 may be
written to and begin to fill up. For example, log files, photos, video, or other data
may be writlen to the storage device 620. As the storage device 620 fills a
representation of the remaining storage capacity is presented to the user. When
the storage capacity is exhausted, the user may experience some effect in the AR

10 or VR experience. For example, when the storage capacity is full, the user may
not be able to drive their virtual vehicle until a new storage device is inserted
into a USB port. As such, to continue using in-game or in-¢XpCrience 1esources
{e.g.. a vehicle, weapon, or the like), the user has to interact with the real-world
storage device 620 and swap in a new USB drive. The storage device 620 may

15 take any form, including but not limited to a USB drive, a secure digital (8D
card, a mini SD card, a micro SD card, a CompactFlash (CF) card, a Memory
Stick card, or the like.

[6641] FIG. 7 is a flowchart iHustrating control and data flow 700, according
to an embodiment. An immersive experience is presented {operation 702) to a

20 user. The immersive experience may be a gaming environment, for example, or
other virtual or augmented reality experience. The experience may be presented
using an HMD. During the experience, a resource level of a device (704)
coupled to the HMD is monitored (operation 706) and presented to the user
(operation 708).

25  [60642] In one case the device 704 is a battery and the resource Jevel is a
rematning or current charge of the battery. The battery charge level may be
presented in the immersive experience, for example, using a bar meter,
numerical indication, or the like. To monitor the battery charge jevel, one of a

variety of methods may be used. Battery state-of-charge is the percentage of

[ 9]
<

charge remaining in a batiery, and ranges from 0% to 100%. A coulomb counter
or battervy gas gauge may be used o determine the battery state-of-charge. For
example, using a current-based method, the coulomb counter tracks the change
in charge remaining in the battery by measuring discharge and charge currents.

Using a voltage-based method to determine state-of-charge measures battery
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voltage and relates that value to charge level In this case, the systera measures
voltage of the battery either connected to an external load or in open circuit.
Other methods, such as model-based methods, may be used.

{80643]  In another case the device 704 is a storage device and the resource

5 level is a representation of the remaining storage capacity or current storage

usage of the storage device. Storage usage, capacity, and remaining capacity
may be provided by referencing a file system table or other use table.

{8044] In another case the device 704 is a processor, subprocessor, Co-
processor, graphical processing unit, or the like. In this case, the resource level

10 may indicate an operating clock speed of the processor, an operating
temperature, an operating voltage, or other aspects of the processing device.
{6645]  Based on game play or other in-experience events, the user may be
incentivized, asked, or prompted to change out the device 704 with a different
replacement device 710. The replacement device 710 may be of the same type as

15 the device 704, for example, a same or similar battery. Alternatively, the
replacement device 710 may be compatible with the device 704, but not
specifically the same. For example, the replacement device 710 maybe a2 GB
USB flash drive and the initial device 704 may be a USB hard disk drive (HDD).
[60646] Referring to FIG. 5, which 15 a first-person shooting game, once the

20 battery energy is depleted (as indicated by the resource meter 502), the user may
not be able to fire the weapon until a replacement battery is inserted into the
battery assembly 106 to raise the resource level over a threshold.

[6847] Rewrning to FIG. 7, at operation 712, the control and data flow 700
detects that there was a change to the coupled device. The replacement device’s

25  resource level is displayed in the immersive experience {operation 714). When
there is a gameplay or other functionality linked to the resource level, then the
gameplay or experience may be altered based on the new resource level of the
replacement device 710. As an example, the user’s weapon may be functional
and able to shoot after replacing the battery.

30 (6048} FIG. 8 is a block diagram tllustrating a systern 800, according to an
embodiment. The system 800 may include a display 802, a graphics unit 804,
and a commumication subsystern 806. The display 802 may be any type of
display device, including display surface 200, In an embodiment, the portable

computing system comprises a head-mounted display system.

10
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{664%] In an embodiment, the graphics unit 804 is configured to present the
immersive experignce to a user on the display. In an embodiment, the immersive
experience COmprises a game.
{66568] The comuunication subsystem 806 is configured to determine a
5 resource level of a resource coupled to the portable computing system. The
graphics unit is to present a representation of the resource level to the user in the
immersive experience. This may be performed by presenting a bar meter,
numerical indication, or the like.
[80651] In an embodiment, the resource coupled to the portable computing
10 system comprises a battery, and the resource level comprises a remaining battery
charge. In another embodiment, the resource coupled to the portable computing
system comyprises a processing unit, and the resource level comprises an
operating temperature of the processing unit. In another embodiment, the
resource coupled to the portable computing system comprises a storage device,
15 and the resource level comprises a remaining storage space on the storage
device.
{6652]  In an embodiment, (o determine the resource level of the resource
coupled to the portable computing system, the communication subsystern 306 is
to query the resource for the resource level and receive a response from the
20 resource inchuding the resource level.
[6653]  The communication subsystem 806 is to detect that the resource was
replaced with a replacement resource, the replacement caused by a real-world
interaction with the resource by the user {e.g., swapping batteries), and
determine a replacement resource leve] of the replacement resource {e.g., a
25  replacement battery charge).
[6654]  In an embodiment, to detect that the resource was replaced with the
replacement resource, the communication subsystem 806 is to detect a circuit
discontinuity tollowed by a circuit re-establishment, the circuit including the

resource.

[ 9]
<

{66551  In an embodiment, to detect that the resource was replaced with the
repiacement resource, the communication subsystem 806 is to detect a first state
change indicating that the resource has been disconnected followed by detecting
a second state change indicating that the replacement resource has been

connected to the portable computing system.

11
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{8656] The graphics unit 804 is then to present a representation of the
replacement resource level in the immersive experience on the display.

[6657]  In an embodiment, to present the representation of the resource level
to the user in the immersive experience, the graphics unit 804 is to present a
graphical meter representing the resource level on the display 802.

[06658]  In an embodiment, the immersive experience includes a gaming
experience, and to determine the resource level of the resource, the
communication subsystem 806 is to determine that the resource level of the
resource violates a threshold, and in response, the gaming experience is altered
when the resource violates the threshold. In a further embodiment, the
communication subsystern 806 is to determine that the replacement resource
level of the replacement resource satisfies the threshold, and in response, the
gaming experience is altered when the replacement resource level satisfies the
threshold. For example, the gaming experience may be returned to a previous
state before the threshold was violated. The threshold may be a certain amount
of remaining battery life (e.g., 5%, 10%, etc.}, an operating temperature of a
processor {e.g., 100 degrees Celsius), a remaining storage amount {e.g., 5%
remaining storage space, S00MB remaining storage space, e{c.}, or any other
aspect of a depletable or dynamic resource.

{0659]  In a further embodiment, the graphics unit 804 is to alert the user that
the resource violates the threshold. For example, the user may be presented with
a flashing resource meter, a message in their field of vision, or the like. The
notification may also include haptic feedback, audio, or combinations of video,
audio, haptic, and other notification mechanisms.

[8068] FIG. 9is a flowchart itustrating a method 900 for providing an
immersive experience, according to an embodiment. At block 902, the
immersive gxperience is presented to a user via a portable computing system. In
an embodiment, the immersive experience comprises a game. In an embodiment,
the portable computing system cornprises a head-mounted display system.
[6861]  Atbhlock 904, a resource level of a resource coupled to the portable
computing system is determined. In an embodiment, determining the resource
level of the resource coupled to the portable computing systern comprises
querying the resource for the resource level and receiving a response from the

resource including the resource level. For example, a storage device may have a
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memory controller that maintains the amount of storage used or free. The
portable computing system may guery the storage device as part of a mounting
process.
[6662] At block 906, a representation of the resource level is presented to the
S user in the immersive experience. In an embodiment, presenting the
representation of the resource level to the user in the immersive experience
comprises presenting a graphical meter representing the resource level.
180631 Atblock 908, it is detected that the resource was replaced with a
replacement resource, the replacement caused by a real-world interaction with
10 the resource by the user. For example, the user may physically remove one
battery from the battery assembly and replace it with a battery with more charge.
{6664] In an embodiment, detecting that the resource was replaced with the
replacement resource comprises detecting a circuit discontinuity followed by a
circuit re-establishment, the circuit including the resource. For example, the
15 presence of a bhattery may be determined using a low voltage or low current
circuit, which when completed indicates that a battery is inserted into the battery
assembily.
[8665] In an embodiment, detecting that the resource was replaced with the
replacement resource comprises detecting a first state change indicating that the
20 resource has been disconnected followed by detecting a second state change
indicating that the replacement resource has been connected to the portable
computing system. The state change may be a file system dismount followed by
a file system mount, a battery circuit discontinuity, or the like.
[8066] Atblock 918, a replacement resource level of the replacement
25  resource is determined. This may be performed similarly to operation 904. At
block 912, a representation of the replacement resource level is presented in the
immersive experience. This may be performed simnilarly to operation 906.
{88671  In an embodiment, the resource coupled to the portable computing

system comprises a battery, and the resource level comprises a remaining battery

[ 9]
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charge. In another embodiment, the resource coupled to the portable computing
system comprises a processing unit, and the resource level comprises an
operating ternperatare of the processing unit. In another embodiment, the

resource coupled o the portable computing system comprises a storage device,
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and the resource level comprises a remaining storage space on the storage
device.

[8668] In an embodiment, the immersive experience includes a gaming
experience, and wherein determining the resource level of the resource

5 comprises determining that the resource level of the resource is violates a

threshold, and wherein the method further comprises altering the gaming
experience when the resource violates the threshold. For example the user may
not be able to perform some actions in the game until the real-world resource is
replenished.

160 [666%9]  In an embodiment, the method 900 includes alerting the user that the
resource 1s below the threshold. For example, when the battery is below a certain
charge level, the game may notify the user by blinking the resource meter,
providing an in-game sound, providing a voice alert {e.g., “You're running low
on power”) or the like. The notification may be a combination of different

15 sensations, such as visual, sound, and haptics. For example, the haptic sensation
and sound from firing a gun in the game may diminish in strength/loudness as
the resource is being depleted.

[6678] In a further embodiment, the method 900 includes determining that the
replacement resource level of the replacement resource satisfies the threshold

20 and altering the gaming experience when the replacement resource level satisfies
the threshold. As an example, the user may be notified that there is less than 3%
battery charge remaining (the threshold being 5%) and when the battery is
replaced, the battery charge is 92%, which satisfies the threshold value.

{8071] Embodiments may be implemented in one or a combination of

25  hardware, firmware, and software. Embodiments may also be implemented as
instructions stored on a machine-readable storage device, which may be read and
executed by at least one processor o perform the operations described herein. A
machine-readable storage device may include any non-transitory mechanism for

storing information in a form readable by a machine (e.g., a computer). For

[ 9]
<

example, a machine-readable storage device may include read-only memory
{ROM), random-access memory (RAM), magnetic disk storage media, optica
storage media, flash-memory devices, and other storage devices and media.
[6672] A processor subsystem may be used o execute the instruction on the

machine-readable medium. The processor subsystem may inchide one or more
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processors, each with one or more cores. Additionally, the processor subsystem
may be disposed on one or more physical devices. The processor sebsystem may
inchide one or more specialized processors, sach as a graphics processing unit
(GPU), a digital signal processor (DSP), a field programmable gate array
5 (FPGA), or a fixed function processor.
{8673] Examples, as described herein, may include, or may operate on, logic
or a mamber of components, modules, or mechanisms. Modules may be
hardware, software, or firmware communicatively coupled to one or more
processors in order o carry out the operations described herein. Modules may be
10 hardware modules, and as such modules may be considered tangible entities
capable of performing specified operations and may be configured or arranged in
a certain manner. In an example, circuits may be arranged {(e.g., internally or
with respect to external entities such as other circuits) in a specified manner as a
module. In an example, the whole or part of one or more computer systems {e.g.,
15  astandalone, client or server computer system) or one or more hardware
processors may be configured by firmware or software (e.g., instructions, an
application portion, or an application) as a module that operates to perform
specified operations. In an example, the software may reside on a machine-
readable medium. In an example, the software, when executed by the underlying
20 hardware of the module, causes the hardware to pertorm the specified
operations. Accordingly, the term hardware module is understood to encompass
a tangible entity, be that an entity that is physically constructed, specifically
configured (e.g., hardwired), or temporarily (e.g., transitorily) configured (e.g.,
programmed) to operate in a specified manner or to perform part or all of any
25  operation described herein. Considering examples in which modules are
temporarily configured, each of the modules need not be instantiated at any one
moment in time. For example, where the modules comprise a general-purpose
hardware processor configured using software; the general-purpose hardware

processor may be configured as respective different modutles at different times.

[ 9]
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Software may accordingly configure a hardware processor, for example, to
constitute a particuiar module at one instance of time and o constitute a different
module at a different instance of time. Modules may also be software or
firmware modules, which operate to perform the methodologies described

herein.
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[6674] FIG. 10 is a block diagram illustrating a machine in the example form
of a computer system 1000, within which a set or sequence of instructions may
be executed o cause the machine to perform any one of the methodologies
discussed herein, according to an example embodiment. In alternative
embodiments, the machine operates as a standalone device or may be connected
{e.g.. networked) to other machines. In a networked deployment, the machine
may operate in the capacity of either a server or a client machine in server-client
network environments, or it may act as a peer maching in peer-to-peer {or
distributed) network environments. The machine may be an onboard vehicle
system, wearable device, personal computer {(PC), a tablet PC, a hybrid tablet, a
personal digital assistant (PDA), a mobile telephone, or any machine capable of
executing instructions (sequential or otherwise) that specify actions to be taken
by that machine. Forther, while only a single machine is illustrated, the term
“machine” shall also be taken to include any collection of machines that
individually or jointly execute a set (or multiple sets) of instructions to perform
any one or more of the methodologies discussed herein. Similarly, the term
“processor-based system” shall be taken to include any set of one or more
machines that are controlled by or operated by a processor {e.g., a computer) to
individually or jointly execute instructions to perform any one or more of the
methodologies discussed herein.

[6675]  Example computer system 1000 inclades at least one processor 1002
{e.g., a central processing unit (CPU), a graphics processing unit (GPU) or hoth,
processor cores, compute nodes, etc.), a main memory 1004 and a static memory
1006, which communicate with each other via a ink 1008 (e.g., bus). The
computer system 1000 may further include a video display unit 1010, an
alphanumeric input device 1012 (e.g., a keyboard), and a user interface (Ul
navigation device 1014 (e.g., a mouse). In one embodiment, the video display
unit 13010, input device 1012 and Ul navigation device 1014 are incorporated
into a touch screen display. The computer system 1000 may additionally include
a storage device 1016 (e.g., a drive unit), a signal generation device 1018 (e.g., a
speaker}, a network interface device 1020, and one or more sensors {(not shown},
such as a global positioning system ((GPS) sensor, compass, accelerometer,

gyrometer, magnetometer, or other sensor.
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18676] The storage device 1416 includes a machine-readable medium 1022
on which is stored one or more sets of data structures and instructions 1024 {(e.g.,
software) embodying or utilized by any one or more of the methodologies or
functions described herein. The instructions 1024 may also reside, completely or
5 atleast partially, within the main memory 1004, static memory 1006, and/or
within the processor 1002 during execuation thereof by the computer system
1600, with the main memory 1004, static memory 1006, and the processor 1002
also constituting machine-readable media.
{86777 While the machine-readable medium 1022 is illustrated in an example
10 embodiment to be a single mediam, the term “machine-readable medium™ may
inclhude a single medium or multiple media (e.g., a centralized or distributed
database, and/or associated caches and servers) that store the one or more
instructions 1024. The term “machine-readable medium” shall also be taken to
inciade any tangible medium that is capable of storing, encoding or carrying
15 instructions for execution by the machine and that cause the machine to perform
any one or more of the methodologies of the present disclosure or that is capable
of storing, encoding or carrying data stroctures utilized by or associated with
sach instructions. The term “machine-readable medium™ shall accordingly be
taken to include, but not be limited to, solid-state memories, and optical and
20 magnetic media. Specific examples of machine-readable media inclade non-
volatile memory, including but not imited to, by way of example,
semiconductor memory devices (e.g., electrically programmable read-only
memory {EPROM), electrically erasable programumable read-only memory
(EEPROM)) and flash memory devices: magnetic disks such as internal hard
25  disks and removable disks; magneto-optical disks; and CD-ROM and DVD-
ROM disks.
{8078]  The instructions 1024 may further be transmitted or received over a
communications network 1026 using a transmission medium via the network

interface device 1020 utilizing any one of a number of well-known transfer

[ 9]
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protocols (e.g., HT'TP). Examples of communication networks include a local
area network (LAN), a wide area network (WAN), the Internet, mobile
telephone networks, plain old telephone (POTS) networks, and wireless data
networks {(e.g., Bluetooth, Wi-Fi, 3G, and 4G LTE/LTE-A or WiMAX

networks). The term “transmission medium” shall be taken to include any
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intangible medium that is capable of storing, encoding, or carrying instructions
for execution by the maching, and inclodes digital or analog communications

signals or other intangible medium to factlitate communication of such software.

5 Additional Notes & Fxamples:

{6679] Example 1 inclades subject matter for providing an immersive
experience (such as a device, apparatus, or machine) comprising: a display; a
graphics unit to present the immersive experience to a user on the display; and a
communication subsystem to determing a resource level of a resource coupled to

10 the portable computing system; wherein the graphics umit is to present a
representation of the resource level to the user in the immersive experience;
wherein the communication subsystem is to: detect that the resource was
replaced with a replacement resource, the replacement caused by a real-world
interaction with the resource by the user; and determine a replacement resource

15 level of the replacement resource; and wherein the graphics unit is to present a
representation of the replacement resource level in the immersive experience on
the display.

[8088] In Example 2, the subject matter of Example 1 may include, wherein
the immersive experience comprises a game.

20 [8881] In Example 3, the subject matter of any one of Examples 1 to 2 may
inciade, wherein the resource coupled o the portable computing system
comprises a battery, and wherein the resource level comprises a remaining
battery charge.

[8082] In Example 4, the subject matter of any one of Examples 1 to 3 may

25  include, wherein the resource coupled to the portable computing system

comprises a processing unit, and wherein the resource level comprises an

operating temperature of the processing unit.

[G083] In Example 3, the subject matter of any one of Examples 1 10 4 may

inciade, wherein the resource coupled o the portable computing system

[ 9]
<

comprises a storage device, and wherein the resource level comprises a
remaining storage space on the storage device.

[6684] In Example 6, the subject matier of any one of Examples 1 to S may
inclhude, wherein to determine the resource level of the resource coupled to the

portable computing system, the communication subsystem is to: guery the
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resource for the resource level; and receive a response from the resource
inchuding the resource level

[8085] In Example 7, the subject matter of any one of Exaraples | to 6 may
include, wherein to present the representation of the resource level to the user in
the immersive experience, the graphics unit is to present a graphical meter
representing the resource level on the display.

[6086] In Example &, the subject matter of any one of Examples 1 10 7 may
inchude, wherein to detect that the resource was replaced with the replacement
resource, the communication subsystem is to detect a circuit discontinuity
followed by a circuit re-establishment, the circuit the resource.

[6687] In Example 9, the subject matter of any one of Exaraples | t0 8 may
include, wherein to detect that the resource was replaced with the replacement
resource, the commumnication sabsystem is to detect a first state change
indicating that the resource has been disconnected followed by detecting a
second state change indicating that the replacement resource has been connected
to the portable computing system.

[6088] In Example 10, the subject matter of any one of Examples 1 to 9 may
inchide, wherein the portable computing system comprises a head-mounted
display system.

[6689] In Example 11, the sabject matter of any one of Examples | to 10 may
incinde, wherein the immersive experience includes a gaming experience, and
wherein to determine the resource level of the resource, the communication
subsystem is to determine that the resource level of the resource violates a
threshold, and wherein the gaming experience is altered when the resource
violates the threshold.

[6690] In Example 12, the subject matter of any one of Examples 1 to 11 may
inciude, wherein the communication subsystem is to determine that the
replacement resource level of the replacement resource satisfies the threshold;
and wherein the gaming experience is altered when the replacement resource
level satisfies the threshold.

{66%1] In Example 13, the subject matter of any one of Examples 1 to 12 may
inchide, wherein the graphics unit is to alert the user that the resource violates

the threshold.
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16692] Example 14 includes subject matter for providing an immersive
experience (such as a method, means for performing acts, machine readable
medium including instructions that when performed by a machine cause the
machine to performs acts, or an apparatus to perform) comprising: presenting, in
a portable computing system, the immersive experience to a user; determining a
resource level of a resource coupled to the portable computing system;
presenting a representation of the resource level to the user in the immersive
experience; detecting that the resource was replaced with a replacement
resource, the replacement caused by a real-world interaction with the resource by
the user; determining a replacement resource level of the replacement resource;
and presenting a representation of the replacement resource level in the
immersive gxperience.

{6693]  In Example 13, the sabject matter of Example 14 may include,
wherein the immersive experience comprises a game.

[6094] In Example 16, the subject matter of any one of Examples 14 1o 15
may inclade, wherein the resource coupled to the portable computing system
comprises a battery, and wherein the resource level comprises a remaining
battery charge.

[6695] In Example 17, the subject matter of any one of Examples 14 to 16
may include, wherein the resource coupled to the portable computing system
comprises a processing unit, and wherein the resource level comprises an
operating temperature of the processing unit.

[6096] In Example 18, the subject matter of any one of Examples 14 10 17
may inclade, wherein the resource coupled to the portable computing system
comprises a storage device, and wherein the resource level comprises a
remaining storage space on the storage device.

{6697]  In Example 19, the subject matter of any one of Examples 14 to 18
may include, wherein determining the resource level of the resource coupled to
the portable computing system comprises: guerying the resource for the resource
level; and receiving a response from the resource including the resource level.
{6698] In Example 20, the subject matter of any one of Examples 14 to 19
may inclade, wherein presenting the representation of the resource level to the
user in the immersive experience comprises presenting a graphical meter

representing the resource level.
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{6699] In Example 21, the subject matter of any one of Examples 14 to 20
may inclade, wherein detecting that the resource was replaced with the
replacement resource comprises detecting a circuit discontinuity followed by a
circuit re-establishment, the circutt the resource.

5 [66166] In Example 22, the subject matter of any one of Examples 14 to 21
may inclade, wherein detecting that the resource was replaced with the
replacement resource comprises detecting a first state change indicating that the
resource has been disconnected followed by detecting a second state change
indicating that the replacement resource has been connected to the portable

10 computing system.

[66101] In Example 23, the subject matter of any one of Examples 14 to 22
may inclade, wherein the portable computing system comprises a head-mounted
display system.

[66102] In Example 24, the subject matter of any one of Examples 14 to 23

15 may include, wherein the immersive experience includes a gaming experience,
and wherein determining the resource level of the resource comprises
determining that the resource level of the resource violates a threshold, and
wherein the method further comprises altering the gaming experience when the
resource violates the threshold.

20 [88103] In Example 235, the subject matter of any one of Examples 14 to 24
may include, determining that the replacement resource level of the replacement
resource satisfies the threshold; and altering the gaming experience when the
replacement resource level satisfies the threshold.

[80104] In Example 26, the subject matter of any one of Examples 14 to 25

25  may include, alerting the user that the resource violates the threshold.

[66105] Example 27 includes at least one machine-readable medium including
instructions, which when executed by a machine, cause the machine to perform
operations of any of the Examples 14-26.

[68106] Example 28 includes an apparatus comprising means for performing

[ 9]
<

any of the Examples 14-26.

{86107] Example 29 includes subject matter for providing an immersive
experience (such as a device, apparatus, or maching) comprising: means for
presenting, in a portable computing system, the immersive experience to a user;

means for determining a resource level of a resource coupled to the portable
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computing system; means for presenting a representation of the resource level to
the user in the immersive experience; means for detecting that the resource was
replaced with a replacement resource, the replacement caused by a real-world
interaction with the resource by the user; means for determining a replacement
resource level of the replacement resource; and means for presenting a
representation of the replacement resource level in the immersive experience.
[GO108] In Example 30, the subject matter of Example 29 may include,
wherein the immersive experience Comprises a game.
[86109] In Example 31, the subject matter of any one of Examples 29 to 30
may inclade, wherein the resource coupled o the portable computing system
comprises a battery, and wherein the resource level comprises a remaining
battery charge.
{66110] In Example 32, the sabject matter of any one of Examples 29 to 31
may include, wherein the resource coupled to the portable computing system
comprises a processing unit, and wherein the resource level comprises an
operating temperature of the processing unit.
[86111] In Example 33, the subject matter of any one of Examples 29 to 32
may inclade, wherein the resource coupled o the portable computing system
comprises a storage device, and wherein the resource level comprises a
remaining storage space on the storage device.
[66112] In Example 34, the subject matter of any one of Examples 29 to 33
may include, wherein the means for determining the resource level of the
resource coupled to the portable computing system comprise: means for
querying the resource for the resource level; and means for receiving a response
from the resource inchuding the resource level
[66113] In Example 35, the subject matter of any one of Examples 29 to 34
may inclade, wherein the means for presenting the representation of the resource
level to the user in the immersive experience comprise means for presenting a
graphical meter representing the resource level.
[60114] In Example 36, the subject matter of any one of Examples 29 1o 35
ay inclade, wherein the means for detecting that the resource was replaced
with the replacement resource comprise means for detecting a circuit

discontinunity followed by a circuit re-establishment, the circuit the resource.
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{866115] In Example 37, the subject matter of any one of Examples 29 to 36
may inclade, wherein the means for detecting that the resource was replaced
with the replacement resource comprise means for detecting a first state change
indicating that the resource has been disconnected followed by detecting a

5 second state change indicating that the replacement resource has been connected

to the portable computing system.
[66116] In Example 3§, the subject matter of any one of Examples 29 to 37

ay include, wherein the portable computing system comprises a head-mounted
display system.

10 [66117] In Example 39, the subject matter of any one of Examples 29 to 38
may inclade, wherein the immersive experience includes a gaming experience,
and wherein the means for determining the resource level of the resource
comprise means for determining that the resource level of the resource violates a
threshold, and wherein the apparatus further comprises means for altering the

15 gaming experience when the resource violates the threshold.

[86118] In Example 40, the subject matter of any one of Examples 29 to 39
may inclade, means for determining that the replacement resource level of the
replacement resource satisfies the threshold; and means for altering the gaming
experience when the replacement resource level satisfies the threshold.

20 [88119] In Example 41, the subject matter of any one of Examples 29 to 40
may include, means for alerting the user that the resource violates the threshold.
[60120] The above detailed description includes references to the
accompanying drawings, which form a part of the detailed description. The
drawings show, by way of illustration, specific embodiments that may be

25  practiced. These embodiments are also referved to berein as “exaroples.” Such
examples may include elements in addition to those shown or described.
However, also contemplated are examples that include the elements shown or
described. Moreover, also contermplated are examples using any combination or

permutation of those elements shown or described (or one or more aspects

[ 9]
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thereof]}, either with respect to a particular example (or one or more aspects
thereot), or with respect to other examples {or one or more aspects thereof)
shown or described herein.

[661231] Publications, patents, and patent documents referred to in this

document are incorporated by reference herein in their entirety, as though
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individually incorporated by reference. In the event of inconsistent usages
between this document and those documents so incorporated by reference, the
usage in the incorporated reference(s) are supplementary to that of this
document; for ireconcilable inconsistencies, the usage in this document
5  controls.
(661221 In this document, the terms “a” or “an’ are used, as is common in
patent documents, to include one or more than ong, independent of any other
instances or usages of “at lgast one” or “one or more.” In this document, the term
“or” is used to refer to a nonexclusive or, such that “A or B” includes “A but not
10 B,” “Bbutnot A,” and “A and B,” unless otherwise indicated. In the appended

¢

claims, the terms “including” and “in which” are used as the plain-English
equivalents of the respective terms “comprising” and “wherein.” Also, in the
following claims, the terms “including” and “comprising” are open-ended, that
is, a system, device, article, or process that includes elements in addition to those

15 listed after such a term in a claim are still deemed to fall within the scope of that
claim. Moreover, in the following claims, the terms “first,” “second,” and
“third,” ete. are used merely as labels, and are not intended to suggest a
numerical order for their objects.
[60123] The above description is intended to be iHlustrative, and not restrictive.

20 For example, the above-described examples (or one or more aspects thereot)
may be used in combination with others. Other emsbodiments may be used, such
as by one of ordinary skill in the art upon reviewing the above description. The
Abstract is to allow the reader to quickly ascertain the nature of the technical
disclosure. It is submitted with the understanding that it will not be used to

25  interpret or limit the scope or meaning of the claims. Also, in the above Detailed
Description, various features may be grouped together to streaniline the
disclosure. However, the claims may not set forth every feature disclosed herein
as embodiments may feature a subset ot said features. Further, embodiments

may include fewer features than those disclosed in a particular example. Thus,

30 the following claims are hereby incorporated info the Detailed Description, with
a claim standing on its own as a separate embodiment. The scope of the
embodiments disclosed herein is to be determined with reference o the
appended claims, along with the full scope of equivalents to which such claims
are cntitled.

35
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CLAIMS

What is claimed is:

i. A portable computing system for providing an immersive experience, the
5 portable computing system comprising:
a display;
a graphics unit to present the immersive experience (o a user on the
display; and
a communication subsystem to determine a resource level of a resource
10 coupled w the portable computing system;
wherein the graphics unit is to present a representation of the resource
level to the user in the immersive experience;
wherein the communication subsystem is to:
detect that the resource was replaced with a replacement resource,
15 the replacement caused by a real-world interaction with the resource by
the user; and
determine a replacement resource level of the replacement
resource; and
wherein the graphics unit is to present a representation of the replacement

20 resource level in the immersive experience on the display.

2. The system of claim 1, wherein the immersive experience comprises a
game.
25 3. The system of claim 1, wherein the resource coupled o the portable

computing system comprises a battery, and wherein the resource level comprises

a remaining battery charge.

4. The system of claim 1, wherein the resource coupled to the portable

[ 9]
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computing system comprises a processing unit, and wherein the resource level

comprises an operating temperature of the processing unit.
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5. The system of claim 1, wherein the resource coupled (o the portable
computing system comprises a storage device, and wherein the resource level

comprises a remaining storage space on the storage device.

5 6. The system of claim 1, wherein to determine the resource level of the
resource coupled to the portable computing system, the communication
subsystem is to:

query the resource for the resource level; and
receive a response from the resource including the resource level
10
7. The systerm of claim 1, wherein to present the representation of the
resource level to the user in the inmersive experience, the graphics unit is to

present a graphical meter representing the resource level on the display.

15 8. The system of claim 1, wherein to detect that the resource was replaced
with the replacement resource, the communication subsystem is to detect a
circuit discontinuity followed by a circuit re-establishment, the circuit including

the resource.

206 9. The system of claim 1, wherein to detect that the resource was replaced
with the replacement resource, the communication subsystem is to detect a first
state change indicating that the resource has been disconnected followed by
detecting a second state change indicating that the replacement resource has been
connected to the portable computing system.

25
1d. The systerm of claim 1, wherein the portable computing system comprises

a head-mounted display systen.

11 The system of claim 1, wherein the immersive experience includes a

[ 9]
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garning experience, and wherein to determine the resource level of the resource,
the communication subsystem is to determine that the resource level of the
resource violates a threshold, and wherein the gaming experience is altered when

the resource violates the threshold.
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i2. The system of cleim: 11, wherein the communication subsystem is o
determine that the replacement resource level of the replacement resource
satisfies the threshold; and

wherein the gaming experience is altered when the replacement resource

5 level satisfies the threshold.

3. The system of claim 11, wherein the graphics unit is to alert the aser that

the resource violates the threshold.

10 14, A method for providing an immersive experience, the method
comprising:
presenting, in a portable computing system, the immersive experience (o
a user;
determining a resource level of a resource coupled w the portable
15 computing system;
presenting a representation of the resource level to the user in the
immersive experience;
detecting that the resource was replaced with a replacement resource, the
replacement caused by a real-world interaction with the resource by the user;
20 determining a replacement resource level of the replacement resource;
and
presenting a representation of the replacernent resource level in the

UNMErsive experience.

25 15 The method of claim 14, wherein the immersive experience comprises a
game.
I6. The method of claim 14, wherein the resource coupled to the portable

computing system comprises a battery, and wherein the resource level comprises

[ 9]
<

a remaining battery charge.
17. The method of claim 14, wherein the resource coupled to the portable

computing system comprises a processing unit, and wherein the resource level

comprises an operating temperature of the processing unit.
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I8. The method of claim 14, wherein the resource coupled to the portable
computing system comprises a storage device, and wherein the resource level

comprises a remaining storage space on the storage device.

19. The method of claim 14, wherein detecting that the resource was
replaced with the replacement resource comprises detecting a first state change
indicating that the resource has been disconnected followed by detecting a
second state change indicating that the replacement resource has been connected

10 to the portable compuling system.

24 The method of claim 14, wherein the portable computing system

comprises a head-mounted display system.

15 21 The method of claim 14, wherein the immersive experience includes a
gaming experience, and wherein determining the resource level of the resource
comprises determining that the resource level of the resource violates a
threshold, and wherein the method further comprises altering the gaming
experience when the resource violates the threshold.

20
22. The method of claim 21, further comprising:

determining that the replacement resource level of the replacement
resource satisfies the threshold; and
altering the gaming experience when the replacement resource level

25 satisfies the threshold.

23. The method of claim 21, further comprising alerting the user that the

resource violates the thresholkd.

[ 9]
<

24, At least one machine-readable medium including instructions, which
when executed by a machine, cause the machine to perform operations of any of

the methods of claims 14-23.

28
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25. An apparatus comprising means for performing any of the methods of

claims 14-23.

29



WO 2017/165054 PCT/US2017/018911

1/9

108

FIG. 1



WO 2017/165054 PCT/US2017/018911

29

104

200

FIG. 2



WO 2017/165054 PCT/US2017/018911

39

3502 302

FIG. 3



WO 2017/165054 PCT/US2017/018911

400
N (e /,
. /
\ V4
‘ 7\
P A\
000000000 )
102 00000000 /N
000000000 ! L
cocoooooo JL . L=
000000000
cooocococe /[ | .
o~
106
[




PCT/US2017/018911

WO 2017/165054

59

008 .\&




WO 2017/165054

f 000

PCT/US2017/018911

HEAD-MOUNTED DISPLAY SYSTEM

- 002

- 604

VISUAL DISPLAY UNIT

ACCELEROMETER

- 006 - o058
GYROSCOPE GAZE DETECTION UNIT
/ ol10 / 012

CAMERA ARRAY

MICROPHONE ARRAY

614 616
LANGUAGE
A {
ASRUNIT TRANSLATION UNIT
— 618 620
BATTERY STORAGE DEVICE
/“ 022 /“ 024
AUX DEVICE PROCESSING CORE

FIG. 6



WO 2017/165054 PCT/US2017/018911

7/9

700
P/-
/ 702

PRESENT IMMERSIVE
EXPERIENCE

| 701

MONITOR RESOURCE LEVEL | [+—.
/\./
™ | or coupLED DEVICE 700

l

PRESENT RESOURCE LEVEL | >~~—08
IN IMMERSIVE EXPERIENCE

'

DETECT CHANGE CF
COUPLED DEVICE ~_ 12

'

DISPLAY RESOURCE LEVEL
OF NEW DEVICE IN ~—J14 REPLACEMENT 710
IMMERSIVE EXPERIENCE DEVICE

FIG. 7



WO 2017/165054 PCT/US2017/018911

&9

f 800

PORTABLE COMPUTING SYSTEM

(o ™~ 804
DISPLAY GRAPHICS UNIT
COMMUNICATION | 7800
SUBSYSTEM

FIG. &
P/ 900

PRESENT AN IMMERSIVE EXPERIENCE

'

DETERMINE RESOURCE LEVEL OF RESCURCE

'

PRESENT A REPRESENTATION OF THE RESOURCE LEVEL INTHE [ 9%
IMMERSIVE EXPERIENCE

'

DETECT THAT THE RESOURCE WAS REPLACED WITHA [ %%
REPLACEMENT RESOURCE

l

DETERMINE RESOURCE LEVEL OF REPLAGEMENT RESOURCE

'

PRESENT A REFRESENTATION OF THE REPLACEMENT RESOURGE [ 912
LEVEL IN THE IMMERSIVE EXPERIENCE

FIG. 9

N 902

N 904

N 910




WO 2017/165054 PCT/US2017/018911

99

P/moo
1008
f X 1010
10 a
VINED DISE A
SROCESSOR -« VIDEO DISPLAY
L1094 )
/ < > /1()12
SOFTWARE ALPHANUMERIC INPUT
< > DEVICE
KMM /1014
MAIN MEMORY
/’1024 —» LI NAVIGATION DEVICE
P>
SOFTWARE
f]m
1006
/ STORAGE DEVICE /—1022
STATIC MEMORY :]024 > o [ | MACHINE-READABLE
/] 5 MEDIUM
SOFTWARE //—1024
/ 1090 SOFTWARE
ETWO “OEALE 1018
thugaé j?JTEER ACE /
N SIGNAL GENERATION
< > DEVICE
1026

N

FIG. 10



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2017/018911

A. CLASSIFICATION OF SUBJECT MATTER
AG63F 13/20(2014.01)i, GOGF 3/01(2006.01)i, GO6F 1/16(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)
AG63F 13/20; GO6F 3/00; H02J 7/00; GO6F 1/26; GO1IR 31/36; HO4B 1/40; GO6F 3/01; GO6F 1/16

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: head-mounted display (HMD), battery, processing unit, storage, replacement, level, graphic,
and similar terms.

C. DOCUMENTS CONSIDERED TO BE RELEVANT

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

Y US 8,836,274 B2 (GREGORY JOHN EVANS et al.) 16 September 2014 1-25
See column 2, lines 41-46; column 3, lines 28-48; column 4, lines 38-57;
column 5, lines 10-25; claims 7-8; and figures 2-4.

Y KR 10-1035034 B1 (LG ELECTRONICS INC.) 19 May 2011 1-25
See paragraphs [0019], [0083], and [0096]; and figures 8-9.

Y KR 10-1054817 B1 (LG ELECTRONICS INC.) 05 August 2011 4,17
See paragraphs [0041]-[0049]; claim 1; and figures 4-5.

Y US 2005-0138218 A1 (PAO-JEAN CHEN) 23 June 2005 5,18
See paragraph [0015] and figure 3.

A US 2008-0072083 A1 (EVAN WESTSTRATE et al.) 20 March 2008 1-25
See paragraphs [0023]-[0028] and figures 3-5.

. . . . N .
|:| 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
29 May 2017 (29.05.2017) 29 May 2017 (29.05.2017)
Name and mailing address of the [SA/KR Authorized officer

International Application Division
Korean Intellectual Property Office NHO, Ji Myong
189 Cheongsa-ro, Seo-gu, Daejeon, 35208, Republic of Korea

Facsimile No. +82-42-481-8578 Telephone No. +82-42-481-8528

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



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US2017/018911

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 8836274 B2 16/09/2014 EP 2381359 A2 26/10/2011
EP 2381359 A3 01/02/2012
US 2011-0264899 Al 27/10/2011

KR 10-1035034 B1 19/05/2011 KR 10-2006-0056763 A 25/05/2006

KR 10-1054817 B1 05/08/2011 KR 10-2006-0010299 A 02/02/2006

US 2005-0138218 Al 23/06/2005 None

US 2008-0072083 Al 20/03/2008 US 7900068 B2 01/03/2011
WO 2008-033496 A2 20/03/2008
WO 2008-033496 A3 14/08/2008

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




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

