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User is wearing spatial compuling system which may comprise

components such as a head-worn component (23, a hand-held - /U
controliier component (4), and/or an auxiliary computing or
controlier component (B)
Local environment 10 (he User (such as Teatures of the local | 7 /e

rooms is meshned

System is configured such thal one component, such as a
hand-held controller component (4), may be utilized by the User | (4
as a piicting control master nput device for a virlual odject,
SUCH as a spaceship in a spatial compuling vigeo game

System is configured {© have a virtual object, such as the
spaceship in the spatial computing video game, teature
simuiated thrust funclionalily with simuiated video thrust output
and thrust thermal and/or velocity exposure envelopes, such | /8
that real and/or virtual objects in the vicinity of the thrust
thermal and/or velocily exposure envelopes may pe shown 1o
pe physically reaciing 1o the thrust, such as by appearing to
pecome heatled, bumed, moved, andgd/or geformed

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

System is configured {0 simulate the physics of thrust exposure
10 the real andior virtual objects in the vicinity of the thrust 78
inermal and/or velocity exposure envelopes, such as by ol
ShoOWINg a heated, bumed, moved, and/or geformed reaction
St one or more of such objects 1o change over time

-G, ©
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Liser 18 wearing spatial compuling system which may comprise

components such as a head-worn component (2, a hand-heid - /0
controier component (4), andg/or an auxiliary computing or
controlier component ()
Local environment 1o the User (such as features of the local | 7 72

room) IS mesned

system is configured such thal one component, such as a
hand-held controller component (4), may be utilized by the User | ~ /4
as a plicting controi master inpul device for a virtual object, such

as a spaceship in a spatial compuling video game

System is configured 1o have a virtual object, such as the
spaceship in the spatial computing video game, fealure
simuiated thrust functionalily with simuiated video thrust oculput
and thrust thermal and/or velocily exposure envelopes, such | s =
that real and/or virtual objects in the vicinity of the thrust
thermal and/or velocily exposure envelopes may de shown 1o
pe physically reacting 1o the thrust, such as by appearing o
pecome healed, bumed, moved, ang/or geformed

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

system is configured to simulate the physics of thrust exposure
10 the real and/or virtual opiects in the vicinity of the thrust 78
thermal and/or velocity exposure envelopes, such as by ol
Showing a hegled, pumed, moved, and/or deformed reaction
of one or more of such objects {0 changs over time

oystem is configured to simuiate the physics of thrust exposure
10 the real and/or virtual objects pased upon a pregiction of
the material properties of such real and/or virtual objects as ~80
responsive 1o thrust, such prediction may be pased at leastin |
part upon one or more factors such as object deteclion, objedct
identification, obiect location, object orientation, and object
materials characterization

o CHY
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1100
4

Obtaining a sensor output from a sensor system of the | ~ 1102
nead-worm image gispiay aevice

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

dentifying a physical obiject in an environment in which a . 1104
user of the nead~-worm dispiay device s iocated pasedq on
the sensor cutput

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

LIsSpiaying a graphicat item in a8 transparent screen of the
nead-worn image display device so that the graphical tem | -11086
will appear to be in a spatial relationship with respect to the 7

physical opjedct in the environment as viewed ihrougn
ihe transparent screen

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

Determining a virtual distance between a reference position | 1108
associated with the graphical item and the physical obiect |

-
-
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

Lisplaying a neat visuahization upon a salistfaction of g L~ 110
criteria by the virtual distance ‘
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{«ﬁSG
Sensing a characteristic of a physical object in an -~ 1104
environmeant N which 3 user is iocated
Lisplaying a user-controliapie object in a transparent Ve 1104

screen of the egd-worm iImage qisplay gavice

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

Lispiaving an image of a feature that is resuited from
a virtual interaclion petween the user-controliabie object
and the physical obiect as viewed through the transparent 1156
screen of the nead-worn image gisplay device, so that the +
teature will appear 1o be a parl of the physical opject in
ihe environment or appear 10 be emanating from the
onysical objedt
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SYSTEMS AND METHODS FOR VIRTUAL
AND AUGMENTED REALITY

RELATED APPLICATION DATA

[0001] This application 1s a divisional of U.S. patent
application Ser. No. 17/095,666, entitled “SYSTEMS AND

METHODS FOR VIRTUAL AND AUGMENTED REAL-
ITY” and filed on Nov. 11, 2020, which claims priority to
and the benefit of U.S. Provisional Patent Application No.
62/935,587, entitled “SYSTEMS AND METHODS FOR
VIRTUAL AND AUGMENTED REALITY” and filed on
Nov. 14, 2019. The contents of the aforementioned U.S.
patent application and U.S. provisional patent application
are hereby explicitly and fully incorporated by reference 1n
their entireties for all purposes, as though set forth in the
present disclosure 1n full.

FIELD

[0002] The present disclosure relates to connected mobile
computing systems, methods, and configurations, and more
specifically to mobile computing systems, methods, and
configurations featuring at least one wearable component
which may be utilized for virtual and/or augmented reality
operation.

BACKGROUND

[0003] Modern computing and display technologies have
tacilitated the development of “mixed reality” (MR) systems
for so called “virtual reality” (VR) or “augmented reality™
(AR) experiences, wheremn digitally reproduced images or
portions thereof are presented to a user 1n a manner wherein
they seem to be, or may be perceived as, real. A VR scenario
typically mvolves presentation of digital or virtual image
information without transparency to actual real-world visual
input. An AR scenario typically involves presentation of
digital or virtual 1mage information as an augmentation to
visualization of the real world around the user (1.e., trans-
parency to real-world visual input). Accordingly, AR sce-
narios involve presentation of digital or virtual 1image infor-
mation with transparency to the real-world visual mnput.
[0004] MR systems may generate and display color data,
which increases the realism of MR scenarios. Many of these
MR systems display color data by sequentially projecting
sub-images in different (e.g., primary) colors or “fields”
(e.g., Red, Green, and Blue) corresponding to a color image
in rapid succession. Projecting color sub-images at suili-
ciently high rates (e.g., 60 Hz, 120 Hz, etc.) may deliver a
smooth color MR scenario 1n a user’s mind.

[0005] Various optical systems generate images, including
color 1images, at various depths for displaying MR (VR and

AR) scenarios. Some such optical systems are described in
U.S. Utility patent application Ser. No. 14/555,585 filed on

Nov. 27, 2014 (attorney docket number ML.20011.00), the
contents of which are hereby expressly and fully incorpo-
rated by reference in their entirety, as though set forth 1n full.
[0006] MR systems may employ wearable display devices
(c.g., head-worn displays, helmet-mounted displays, or
smart glasses) that are at least loosely coupled to a user’s
head, and thus move when the user’s head moves. If the
user’s head motions are detected by the display device, the
data being displayed can be updated (e.g., “warped”) to take
the change 1n head pose (1.e., the orientation and/or location
of user’s head) into account.
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[0007] As an example, 1 a user wearing a head-womn
display device views a virtual representation of a virtual
object on the display and walks around an area where the
virtual object appears, the virtual object can be rendered for
cach viewpoint, giving the user the perception that they are
walking around an object that occupies real space. If the
head-worn display device 1s used to present multiple virtual
objects, measurements of head pose can be used to render
the scene to match the user’s dynamically changing head
pose and provide an increased sense of immersion.

[0008] Head-worn display devices that enable AR provide
concurrent viewing of both real and virtual objects. With an
“optical see-through™ display, a user can see through trans-
parent (e.g., semi-transparent or full-transparent) elements
in a display system to view directly the light from real
objects 1n an environment. The transparent element, often
referred to as a “combiner,” superimposes light from the
display over the user’s view of the real world, where light
from by the display projects an image of virtual content over
the see-through view of the real objects in the environment.
A camera may be mounted onto the head-worn display
device to capture images or videos of the scene being viewed
by the user.

[0009] Current optical systems, such as those in MR
systems, optically render virtual content. Content 1s “virtual”
in that 1t does not correspond to real physical objects located
1n respective positions in space. Instead, virtual content only
exist 1n the brains (e.g., the optical centers) of a user of the
head-worn display device when stimulated by light beams
directed to the eyes of the user.

[0010] In some cases, a head-worn 1image display device
may display virtual objects with respect to a real environ-
ment, and/or may allow a user to place and/or mampulate
virtual objects with respect to the real environment. In such
cases, the 1mage display device may be configured to
localize the user with respect to the real environment, so that
virtual objects may be correctly displaced with respect to the
real environment.

[0011] It 1s desirable that mixed reality, or augmented
reality, near-eye displays be lightweight, low-cost, have a
small form-factor, have a wide virtual image field of view,
and be as transparent as possible. In addition, 1t 1s desirable
for these displays to present virtual 1image information 1in
multiple focal planes (for example, two or more) 1n order to
be practical for a wide variety of use-cases.

SUMMARY

[0012] Methods and apparatuses for displaying object
image (virtual object) on a transparent screen of an 1mage
display device are described herein. The virtual object 1s
displayed so that it appears to be interacting with real
physical object as viewed by a user through the screen.
Methods and apparatuses for displaying interaction image
representing the interaction between the virtual object and
the real physical object are also described herein. Providing
interaction 1mage 1s advantageous because 1t enhances the
user’s experience when using the image display device. In
some cases, the interaction image may provide realism 1n
representing the nature of interaction between the virtual
object and the real physical object. In gaming applications,
such features may provide a more enjoyable and fun expe-
rience for the user of the image display device.

[0013] An apparatus configured to be head-worn by a user,
includes: a transparent screen configured to allow the user to
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se¢ therethrough; a sensor system configured to sense a
characteristic of a physical object 1n an environment 1n
which the user 1s located; and a processing unit coupled to
the sensor system, the processing unit configured to: cause
the screen to display a graphical item so that the graphical
item will appear to be 1n a spatial relationship with respect
to the physical object 1n the environment, determine a virtual
distance between a reference position associated with the
graphical item and the physical object, and cause the screen

to display a heat visualization upon a satisfaction of a criteria
by the virtual distance.

[0014] Optionally, a configuration of the heat visualization
1s variable depending on the determined virtual distance
between the reference position associated with the graphical
item and the physical object.

[0015] Optionally, the heat visualization has a first con-
figuration when the virtual distance between the reference
position associated with the graphical item and the physical
object has a first value; and wherein the heat visualization
has a second figuration when the virtual distance between
the reference position associated with the graphical 1item and
the physical object has a second value that 1s different from
the first value.

[0016] Optionally, the heat visualization comprises an
image ol a burnt mark positioned in correspondence with the
physical object so that the physical object has an appearance
of being burnt.

[0017] Optionally, the heat visualization has a {first con-
figuration when the virtual distance between the reference

position associated with the graphical 1tem and the physical
object 1s less than a first threshold.

[0018] Optionally, the heat visualization has a second
configuration that i1s different from the first configuration
when the virtual distance between the reference position
associated with the graphical 1item and the physical object 1s
less than a second threshold, wherein the second threshold
1s less than the first threshold.

[0019] Optionally, the first configuration of the heat visu-
alization comprises a first burnt mark, and the second
configuration of the heat visualization comprises a second
burnt mark that 1s more severe than the first burnt mark.

[0020] Optionally, the first configuration of the heat visu-
alization comprises a burnt mark, and the second configu-
ration of the heat visualization comprises an image of {ire,
an 1mage ol a destroyed structure, or an image of an
explosion.

[0021] Optionally, the processing umt 1s configured to
receive a user input, and to adjust a position of the graphical
item being displayed on the screen based on the user input.

[0022] Optionally, the sensor system comprises a depth
sensor configured to provide a sensor output; and wherein
the processing unit 1s configured to determine the virtual
distance between the reference position associated with the
graphical 1item and the physical object based on the sensor
output.

[0023] Optionally, the sensor system comprises a camera
configured to provide an image of the environment; and
wherein the processing umit 1s configured to identify the
physical object 1n the image.

[0024] Optionally, the graphical 1item comprises an image
of a vehicle.

[0025] Optionally, the graphical 1item comprises an image
of a thrust.
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[0026] Optionally, the graphical 1item comprises an image
of a vehicle, and wherein the processing unit 1s also con-
figured to receive a user mput, and to cause the screen to
display a thrust visualization in association with the image
of the vehicle 1n response to the user mput.

[0027] Optionally, the processing unit 1s configured to
cause the screen to display a change 1n the thrust visualiza-
tion 1n response to a change 1n the user mput.

[0028] Optionally, the processing unit 1s configured to
cause the screen to display a transformation of the heat
visualization so that the heat visualization disappears over
time.

[0029] Optionally, the processing umt 1s configured to
cause the screen to display the heat visualization as a
permanent overlay over the physical object.

[0030] Optionally, the heat visualization comprises an
image of a burnt mark.

[0031] Optionally, the heat visualization comprises an
image of an explosion.

[0032] Optionally, the heat visualization comprises an
image ol a destroyed structure.

[0033] Optionally, the heat visualization comprises an
image ol smoke.

[0034] An apparatus configured to be head-worn by a user,
includes: a transparent screen configured to allow the user to
see therethrough; a sensor system configured to sense a
characteristic of a physical object 1n an environment 1n
which the user 1s located; and a processing unit coupled to
the sensor system, the processing unit configured to: cause
the screen to display a user-controllable object, and cause
the screen to display an 1mage of a feature that 1s resulted
from a virtual iteraction between the user-controllable
object and the physical object, so that the feature will appear
to be a part of the physical object 1n the environment or
appear to be emanating from the physical object.

[0035] Optionally, the image of the feature comprises an
image of a burnt mark for the physical object.

[0036] Optionally, the 1image of the feature comprises an
image ol an explosion for the physical object.

[0037] Optionally, the 1image of the feature comprises an
image ol a destroyed structure for the physical object.
[0038] Optionally, the image of the feature comprises an
image of smoke for the physical object.

[0039] Optionally, the processing umt 1s configured to
cause the screen to display a transformation of the feature so
that the feature disappears over time.

[0040] Optionally, the processing umt 1s configured to
cause the screen to display the image of the feature as a
permanent overlay over the physical object.

[0041] Optionally, the processing umt 1s configured to
change a configuration of the image of the feature based on
a viewing orientation of the user.

[0042] Optionally, the virtual interaction between the user-
controllable object and the physical object comprises a
direction interaction or an indirect interaction.

[0043] Optionally, the image of the feature comprises a
heat visualization.

[0044] Optionally, a configuration of the heat visualization
1s variable depending on a virtual distance between a refer-
ence position associated with the user-controllable object
and the physical object.

[0045] Optionally, the heat visualization has a {first con-
figuration when a virtual distance between a reference
position associated with the user-controllable object and the
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physical object has a first value; and wherein the heat
visualization has a second figuration when the virtual dis-
tance between the reference position associated with the
user-controllable object and the physical object has a second
value that 1s different from the first value.

[0046] Optionally, the heat visualization has a {first con-
figuration when a virtual distance between the reference
position associated with the user-controllable object and the
physical object 1s less than a first threshold.

[0047] Optionally, the heat visualization has a second
configuration that 1s different from the first configuration
when the virtual distance between the reference position
associated with the user-controllable object and the physical

object 1s less than a second threshold, wherein the second
threshold 1s less than the first threshold.

[0048] Optionally, the first configuration of the heat visu-
alization comprises a first burnt mark, and the second
configuration of the heat visualization comprises a second
burnt mark that 1s more severe than the first burnt mark.

[0049] Optionally, the first configuration of the heat visu-
alization comprises a burnt mark, and the second configu-
ration of the heat visualization comprises an image of {ire,
an 1mage ol a destroyed structure, or an image of an
explosion.

[0050] Optionally, the sensor system comprises a depth
sensor configured to provide a sensor output; and wherein
the processing unit 1s configured to determine a position of
the physical object based on the sensor output.

[0051] Optionally, the sensor system comprises a camera
configured to provide an image of the environment; and
wherein the processing umt 1s configured to identify the
physical object 1n the image.

[0052] Optionally, the user-controllable object comprises
an 1mage of a vehicle.

[0053] Optionally, the user-controllable object comprises
an 1mage of a thrust.

[0054] Optionally, the user-controllable object comprises
an 1mage ol a vehicle, and wherein the processing unit 1s also
configured to receive a user input, and to cause the screen to
display a thrust visualization in association with the image
of the vehicle 1n response to the user mput.

[0055] Optionally, the processing unit 1s configured to
cause the screen to display a change 1n the thrust visualiza-
tion 1n response to a change 1n the user input.

[0056] Optionally, the processing umt 1s configured to
receive a user mput, and to adjust a position of the user-
controllable object being displayed on the screen based on
the user input.

[0057] A method performed by a head-worn image display
device, includes: obtaining a sensor output from a sensor
system of the head-worn 1image display device; identifying
a physical object 1n an environment in which a user of the
head-worn display device 1s located based on the sensor
output; displaying a graphical item 1n a transparent screen of
the head-worn image display device so that the graphical
item will appear to be 1n a spatial relationship with respect
to the physical object 1n the environment as viewed through
the transparent screen; determimng a virtual distance
between a reference position associated with the graphical
item and the physical object, and displaying a heat visual-
ization upon a satisfaction of a criteria by the wvirtual
distance.

Feb. &, 2024

[0058] Optionally, a configuration of the heat visualization
1s variable depending on the determined virtual distance
between the reference position associated with the graphical
item and the physical object.

[0059] Optionally, the heat visualization has a first con-
figuration when the virtual distance between the reference
position associated with the graphical item and the physical
object has a first value; and wherein the heat visualization
has a second figuration when the virtual distance between
the reference position associated with the graphical 1item and
the physical object has a second value that 1s different from
the first value.

[0060] Optionally, the heat visualization comprises an
image ol a burnt mark positioned in correspondence with the
physical object so that the physical object has an appearance
ol being burnt.

[0061] Optionally, the heat visualization has a {first con-
figuration when the virtual distance between the reference
position associated with the graphical 1tem and the physical
object 1s less than a first threshold.

[0062] Optionally, the heat visualization has a second
configuration that i1s different from the first configuration
when the virtual distance between the reference position
associated with the graphical item and the physical object 1s
less than a second threshold, wherein the second threshold
1s less than the first threshold.

[0063] Optionally, the first configuration of the heat visu-
alization comprises a first burnt mark, and the second
configuration of the heat visualization comprises a second
burnt mark that 1s more severe than the first burnt mark.

[0064] Optionally, the first configuration of the heat visu-
alization comprises a burnt mark, and the second configu-
ration of the heat visualization comprises an image of {ire,
an 1mage ol a destroyed structure, or an i1mage of an
explosion.

[0065] Optionally, the method further includes receiving a
user mput, and adjusting a position of the graphical item
being displayed on the screen based on the user mnput.
[0066] Optionally, the sensor system comprises a depth
sensor configured to provide a sensor output; and wherein
the virtual distance between the reference position associ-
ated with the graphical item and the physical object is
determined based on the sensor output.

[0067] Optionally, the sensor system comprises a camera
configured to provide an image of the environment; and
wherein the physical object 1s 1dentified based on the image.
[0068] Optionally, the graphical item comprises an image
ol a vehicle.

[0069] Optionally, the graphical 1item comprises an image
of a thrust.

[0070] Optionally, the graphical item comprises an image
of a vehicle, and wherein the method further comprises
receiving a user input, and displaying a thrust visualization
in association with the image of the vehicle 1n response to
the user mnput.

[0071] Optionally, the method further includes changing
the thrust visualization 1n response to a change in the user
input.

[0072] Optionally, the method further includes displaying

a transformation of the heat visualization so that the heat
visualization disappears over time.

[0073] Optionally, the heat visualization 1s displayed as a
permanent overlay over the physical object.
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[0074] Optionally, the heat visualization comprises an
image of a burnt mark.

[0075] Optionally, the heat visualization comprises an
image of an explosion.

[0076] Optionally, the heat visualization comprises an
image ol a destroyed structure.

[0077] Optionally, the heat visualization comprises an
image of smoke.

[0078] A non-transitory medium includes stored instruc-
tions, an execution of which by a processing unit of a
head-worn 1mage display device will cause a method to be
performed, the method comprising: obtaining a sensor out-
put from a sensor system of the head-worn image display
device; 1dentifying a physical object 1n an environment 1n
which a user of the head-worm display device 1s located
based on the sensor output; displaying a graphical 1tem in a
transparent screen of the head-worn image display device so
that the graphical item will appear to be 1n a spatial rela-
tionship with respect to the physical object 1n the environ-
ment as viewed through the transparent screen; determining,
a virtual distance between a reference position associated
with the graphical item and the physical object, and display-
ing a heat visualization upon a satisfaction of a criteria by
the virtual distance.

[0079] A method performed by a head-worn image display
device, includes: sensing a characteristic of a physical object
in an environment in which a user 1s located; displaying a
user-controllable object i a transparent screen of the head-
worn 1mage display device, and displaying an image of a
teature that 1s resulted from a virtual interaction between the
user-controllable object and the physical object as viewed
through the transparent screen ol the head-worn i1mage
display device, so that the feature will appear to be a part of
the physical object in the environment or appear to be
emanating from the physical object.

[0080] Optionally, the image of the feature comprises an
image of a burnt mark for the physical object.

[0081] Optionally, the 1image of the feature comprises an
image ol an explosion for the physical object.

[0082] Optionally, the 1image of the feature comprises an
image ol a destroyed structure for the physical object.
[0083] Optionally, the image of the feature comprises an
image of smoke for the physical object.

[0084] Optionally, the method further includes displaying
a transformation of the feature so that the feature disappears
over time.

[0085] Optionally, the image of the feature 1s displayed as
a permanent overlay over the physical object.

[0086] Optionally, the method further includes changing a
configuration of the image of the feature based on a viewing
orientation of the user.

[0087] Optionally, the virtual interaction between the user-
controllable object and the physical object comprises a
direction 1nteraction or an indirect interaction.

[0088] Optionally, the image of the feature comprises a
heat visualization.

[0089] Optionally, a configuration of the heat visualization
1s variable depending on a virtual distance between a refer-
ence position associated with the user-controllable object
and the physical object.

[0090] Optionally, the heat visualization has a {first con-
figuration when a virtual distance between a reference
position associated with the user-controllable object and the
physical object has a first value; and wherein the heat
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visualization has a second figuration when the virtual dis-
tance between the reference position associated with the
user-controllable object and the physical object has a second
value that 1s diflerent from the first value.

[0091] Optionally, the heat visualization has a first con-
figuration when a virtual distance between the reference
position associated with the user-controllable object and the
physical object 1s less than a first threshold.

[0092] Optionally, the heat visualization has a second
configuration that i1s different from the first configuration
when the virtual distance between the reference position
associated with the user-controllable object and the physical

object 1s less than a second threshold, wherein the second
threshold 1s less than the first threshold.

[0093] Optionally, the first configuration of the heat visu-
alization comprises a first burnt mark, and the second
configuration of the heat visualization comprises a second
burnt mark that 1s more severe than the first burnt mark.

[0094] Optionally, the first configuration of the heat visu-
alization comprises a burnt mark, and the second configu-
ration of the heat visualization comprises an 1image of fire,
an 1mage ol a destroyed structure, or an i1mage of an
explosion.

[0095] Optionally, the sensor system comprises a depth
sensor configured to provide a sensor output; and wherein
the method further includes determining a position of the
physical object based on the sensor output.

[0096] Optionally, the sensor system comprises a camera
configured to provide an image of the environment; and
wherein the method further includes 1dentitying the physical
object 1n the 1mage.

[0097] Optionally, the user-controllable object comprises
an 1mage of a vehicle.

[0098] Optionally, the user-controllable object comprises
an 1mage of a thrust.

[0099] Optionally, the user-controllable object comprises
an 1mage ol a vehicle, and wherein the method further
includes receiving a user input, and displaying a thrust
visualization 1n association with the image of the vehicle in
response to the user mput.

[0100] Optionally, the method further includes displaying
a change 1n the thrust visualization 1n response to a change
in the user input.

[0101] Optionally, the method further includes recerving a
user iput, and adjusting a position of the user-controllable
object being displayed on the screen based on the user input.

[0102] A non-transitory medium includes stored instruc-
tions, an execution of which by a processing unit of a
head-worn 1image display device will cause a method to be
performed, the method comprising: sensing a characteristic
of a physical object 1n an environment in which a user 1s
located; displaying a user-controllable object 1n a transpar-
ent screen of the head-worn image display device, and
displaying an image of a feature that 1s resulted from a
virtual interaction between the user-controllable object and
the physical object as viewed through the transparent screen
of the head-worn 1mage display device, so that the feature
will appear to be a part of the physical object 1n the
environment or appear to be emanating from the physical
object.

[0103] Additional and other objects, features, and advan-
tages of the disclosure are described 1n the detail description,
figures and claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0104] The drawings illustrate the design and utility of
various embodiments of the present disclosure. It should be
noted that the figures are not drawn to scale and that
clements of similar structures or functions are represented
by like reference numerals throughout the figures. In order
to better appreciate how to obtain the above-recited and
other advantages and objects of various embodiments of the
disclosure, a more detailed description of the present dis-
closures briefly described above will be rendered by refer-
ence to specific embodiments thereof, which are 1llustrated
in the accompanying drawings. Understanding that these
drawings depict only typical embodiments of the disclosure
and are not therefore to be considered limiting of 1ts scope,
the disclosure will be described and explained with addi-
tional specificity and detail through the use of the accom-
panying drawings in which:

[0105] FIG. 1A 1llustrates an image display system having
an 1mage display device 1n accordance with some embodi-
ments.

[0106] FIG. 1B illustrates an 1image display device dis-
playing frames in multiple depth planes.

[0107] FIG. 2 illustrates an example of a view as seen
through a screen of the image display device of FIG. 1A.

[0108] FIGS. 3A-311llustrates examples of diflerent views
as seen through a screen of the image display device of FIG.
1A.

[0109] FIGS. 4A-4D 1illustrates examples of different

views as seen through a screen of the image display device
of FIG. 1A.

[0110] FIGS. 5A-5E illustrates examples of different
views as seen through a screen of the image display device
of FIG. 1A.

[0111] FIG. 6 1llustrates a flowchart 1n accordance with
some embodiments.

[0112] FIG. 7 illustrates another flowchart 1n accordance
with some embodiments.

[0113] FIG. 8Aillustrates an example of a graphical object
having a trust element.

[0114] FIG. 8B illustrates another example of a graphical
object having a thrust element.

[0115] FIG. 9A 1llustrates the graphical object of FIG. 8B,
particularly showing the thrust element having two different
configurations.

[0116] FIG. 9B illustrates the graphical object of FIG. 8B,

particularly showing the thrust element having three differ-
ent configurations.

[0117] FIG. 10 illustrates a processing unit of an 1mage
display device 1n accordance with some embodiments.

[0118] FIG. 11A illustrates a method performed by the
processing unit of FIG. 10.

[0119] FIG. 11B illustrates another method performed by
the processing unit of FIG. 10.

[0120] FIG. 12 illustrates a specialized processing system
in accordance with some embodiments.

DETAILED DESCRIPTION

[0121] Various embodiments of the disclosure are directed
to methods, apparatuses, and articles of manufacture for
providing mput for head-worn video 1mage devices. Other
objects, features, and advantages of the disclosure are
described in the detailed description, figures, and claims.

Feb. &, 2024

[0122] Various embodiments are described hereinafter
with reference to the figures. It should be noted that the
figures are not drawn to scale and that elements of similar
structures or functions are represented by like reference
numerals throughout the figures. It should also be noted that
the figures are only intended to facilitate the description of
the embodiments. They are not intended as an exhaustive
description of the invention or as a limitation on the scope
of the invention. In addition, an illustrated embodiment
needs not have all the aspects or advantages shown. An
aspect or an advantage described 1n conjunction with a
particular embodiment 1s not necessarily limited to that
embodiment and can be practiced in any other embodiments
even 1f not so 1llustrated, or 1f not so explicitly described.

[0123] The description that follows pertains to an illustra-
tive VR, AR, and/or MR system with which embodiments
described herein may be practiced. However, it 1s to be
understood that the embodiments also lends themselves to
applications in other types of display systems (including
other types of VR, AR, and/or MR systems), and therefore
the embodiments are not to be limited to only the 1llustrative
examples disclosed herein.

[0124] Referring to FIG. 1A, an augmented reality system
1 1s illustrated featuring a head-worn viewing component
(1mage display device) 2, a hand-held controller component
4, and an interconnected auxiliary computing or controller
component 6 which may be configured to be worn as a belt
pack or the like on the user. Each of these components may
be operatively coupled (10, 12, 14, 16, 17, 18) to each other
and to other connected resources 8 such as cloud computing
or cloud storage resources via wired or wireless communi-
cation configurations, such as those specified by IEEE
802.11, Bluetooth®, and other connectivity standards and
configurations. As described, for example, in U.S. patent
application Ser. Nos. 14/555,5835, 14/690,401, 14/331,218,
15/481,235, 62/627,155, 62/518,539, 16/229,532, 16/155,
564, 15/413,284, 16/020,541, 62,702,322, 62/206,763,
15,597,694, 16/221,065, 15/968,673, 62/682,788, and
62/899,678 each of which 1s incorporated by reference
herein 1n 1ts entirety, various aspects of such components are
described, such as various embodiments of the two depicted
optical elements 20 through which the user may see the
world around them along with visual components which
may be produced by the associated system components, for
an augmented reality experience. As illustrated 1n FIG. 1A,
such a system 1 may also comprise various sensors config-
ured to provide information pertaining to the environment
around the user, including but not limited to various camera
type sensors (such as monochrome, color/RGB, and/or ther-
mal 1imaging components) (22, 24, 26), depth camera sen-
sors 28, and/or sound sensors 30 such as microphones. There
1s a need for compact and persistently connected wearable
computing systems and assemblies such as those described
herein, which may be utilized to provide a user with the
perception of rich augmented reality experiences, along with
development tools related thereto.

[0125] The system 1 also includes an apparatus 7 for
providing mput for the image display device 2. The appa-
ratus 7 will be described 1n further detail below. The image
display device 2 may be a VR device, an AR device, a MR
device, or any of other types of display devices. As shown
in the figure, the 1mage display device 2 includes a frame
structure worn by an end user, a display subsystem carried
by the frame structure, such that the display subsystem 1s
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positioned 1n front of the eyes of the end user, and a speaker
carried by the frame structure, such that the speaker is
positioned adjacent the ear canal of the end user (optionally,
another speaker (not shown) 1s positioned adjacent the other
car canal of the end user to provide for stereo/shapeable
sound control). The display subsystem 1s designed to present
the eyes of the end user with light patterns that can be
comiortably perceived as augmentations to physical reality,
with high-levels of image quality and three-dimensional
perception, as well as being capable of presenting two-
dimensional content. The display subsystem presents a
sequence of frames at high frequency that provides the
perception of a single coherent scene.

[0126] In the illustrated embodiments, the display subsys-
tem employs “optical see-through” display through which
the user can directly view light from real objects via trans-
parent (or semi-transparent) elements. The transparent ele-
ment, often referred to as a “combiner,” superimposes light
from the display over the user’s view of the real world. To
this end, the display subsystem comprises a partially trans-
parent display or a complete transparent display. The display
1s positioned 1n the end user’s field of view between the eyes
of the end user and an ambient environment, such that direct
light from the ambient environment 1s transmitted through
the display to the eyes of the end user.

[0127] Intheillustrated embodiments, an image projection
assembly provides light to the partially transparent display,
thereby combining with the direct light from the ambient
environment, and being transmitted from the display to the
eyes of the user. The projection subsystem may be an optical
fiber scan-based projection device, and the display may be
a waveguide-based display into which the scanned light
from the projection subsystem 1s 1njected to produce, e.g.,
images at a single optical viewing distance closer than
infinity (e.g., arm’s length), images at multiple, discrete
optical viewing distances or focal planes, and/or 1mage
layers stacked at multiple viewing distances or focal planes
to represent volumetric 3D objects. These layers in the light
field may be stacked closely enough together to appear
continuous to the human visual subsystem (1.e., one layer 1s
within the cone of confusion of an adjacent layer). Addi-
tionally or alternatively, picture elements may be blended
across two or more layers to increase perceived continuity of
transition between layers 1n the light field, even 11 those
layers are more sparsely stacked (1.e., one layer 1s outside the
cone ol confusion of an adjacent layer). The display sub-
system may be monocular or binocular.

[0128] The image display device 2 may also include one
or more sensors mounted to the frame structure for detecting
the position and movement of the head of the end user and/or
the eye position and inter-ocular distance of the end user.
Such sensors may include image capture devices (such as
cameras), microphones, inertial measurement units, accel-
crometers, compasses, GPS units, radio devices, and/or
gyros), or any combination of the foregoing. Many of these
sensors operate on the assumption that the frame on which
they are aflixed 1s 1n turn substantially fixed to the user’s
head, eyes, and ears.

[0129] The image display device 2 may also include a user
orientation detection module. The user orientation module
detects the instantaneous position of the head of the end user
(e.g., via sensors coupled to the frame) and may predict the
position of the head of the end user based on position data
received from the sensors. Detecting the instantaneous posi-
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tion of the head of the end user facilitates determination of
the specific actual object that the end user 1s looking at,
thereby providing an indication of the specific virtual object
to be generated 1n relation to that actual object and further
providing an indication of the position in which the virtual
object 1s to be displayed. The user orientation module may
also track the eyes of the end user based on the tracking data
received from the sensors.

[0130] The mmage display device 2 may also include a
control subsystem that may take any of a large variety of
forms. The control subsystem includes a number of control-
lers, for mstance one or more microcontrollers, micropro-
cessors or central processing units (CPUs), digital signal
processors, graphics processing units (GPUs), other inte-
grated circuit controllers, such as application specific inte-
grated circuits (ASICs), programmable gate arrays (PGAs),
for instance field PGAs (FPGAs), and/or programmable

logic controllers (PLUs).

[0131] The control subsystem of the image display device
2 may include a central processing unit (CPU), a graphics
processing unit (GPU), one or more frame bullers, and a
three-dimensional data base for storing three-dimensional
scene data. The CPU may control overall operation, while
the GPU may render frames (1.e., translating a three-dimen-
sional scene 1nto a two-dimensional 1mage) from the three-
dimensional data stored in the three-dimensional data base
and store these frames in the frame buflers. One or more
additional integrated circuits may control the reading into
and/or reading out of frames from the frame buflers and
operation of the image projection assembly of the display
subsystem.

[0132] The apparatus 7 represents the various processing
components for the system 1. In the figure, the apparatus 7
1s illustrated as a part of the image display device 2. In other
embodiments, the apparatus 7 may be implemented in the
handheld controller component 4, and/or 1n the controller
component 6. In turther embodiments, the various process-
ing components of the apparatus 7 may be implemented 1n
a distributed subsystem. For example, the processing com-
ponents of the apparatus 7 may be located 1n two or more of:
the mmage display device 2, in the handheld controller
component 4, 1n the controller component 6, or in another
device (that 1s 1n communication with the image display
device 2, the handheld controller component 4, and/or the
controller component 6).

[0133] The couplings 10, 12, 14, 16, 17, 18 between the
various components described above may include one or
more wired interfaces or ports for providing wires or optical
communications, or one or more wireless interfaces or ports,
such as via REF, microwave, and IR for providing wireless
communications. In some implementations, all communica-
tions may be wired, while 1n other implementations all
communications may be wireless. Thus, the particular
choice of wired or wireless communications should not be
considered limiting.

[0134] Some image display systems (e.g., VR system, AR
system, MR system, etc.) use a plurality of volume phase
holograms, surface-relief holograms, or light guiding optical
clements that are embedded with depth plane information to
generate 1mages that appear to originate from respective
depth planes. In other words, a diffraction pattern, or dii-
fractive optical element (“DOE”) may be embedded within
or imprinted/embossed upon a light gmiding optical element

(“LOE”; e.g., a planar waveguide) such that as collimated
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light (light beams with substantially planar wavetronts) 1s
substantially totally internally reflected along the LOE, 1t
intersects the diffraction pattern at multiple locations and
exits toward the user’s eye. The DOEs are configured so that
light exiting therethrough from an LOE are verged so that
they appear to originate from a particular depth plane. The
collimated light may be generated using an optical condens-
ing lens (a “condenser™).

[0135] For example, a first LOE may be configured to
deliver collimated light to the eye that appears to originate
from the optical infinity depth plane (0 diopters). Another
LOE may be configured to deliver collimated light that
appears to originate from a distance of 2 meters (1/2
diopter). Yet another LOE may be configured to deliver
collimated light that appears to originate from a distance of
1 meter (1 diopter). By using a stacked LOE assembly, 1t can
be appreciated that multiple depth planes may be created,
with each LOE configured to display images that appear to
originate from a particular depth plane. It should be appre-
ciated that the stack may include any number of LOEs.
However, at least N stacked LOEs are required to generate
N depth planes. Further, N, 2N or 3N stacked LOEs may be
used to generate RGB colored images at N depth planes.

[0136] In order to present 3-D virtual content to the user,
the 1mage display system 1 (e.g., VR system, AR system,
MR System etc.) projects images of the virtual content into
the user’s eye so that they appear to originate from various
depth planes 1n the Z direction (i.e., orthogonally away from
the user’s eye). In other words, the virtual content may not
only change 1n the X and Y directions (i.e., 1n a 2D plane
orthogonal to a central visual axis of the user’s eye), but 1t
may also appear to change 1n the Z direction such that the
user may perceive an object to be very close or at an infinite
distance or any distance in between. In other embodiments,
the user may percerve multiple objects simultaneously at
different depth planes. For example, the user may see a
virtual dragon appear from infinity and run towards the user.
Alternatively, the user may simultaneously see a virtual bird
at a distance of 3 meters away from the user and a virtual
collee cup at arm’s length (about 1 meter) from the user.

[0137] Multiple-plane focus systems create a perception
of variable depth by projecting images on some or all of a
plurality of depth planes located at respective fixed distances
in the Z direction from the user’s eye. Referring now to FIG.
1B, 1t should be appreciated that multiple-plane focus sys-
tems may display frames at fixed depth planes 150 (e.g., the
s1x depth planes 150 shown in FIG. 1B). Although MR
systems can include any number of depth planes 150, one
exemplary multiple-plane focus system has six fixed depth
planes 150 1n the Z direction. In generating virtual content
one or more of the six depth planes 150, 3-D perception 1s
created such that the user perceives one or more virtual
objects at varying distances from the user’s eve. Given that
the human eye 1s more sensitive to objects that are closer in
distance than objects that appear to be far away, more depth
planes 150 are generated closer to the eye, as shown 1n FIG.
1B. In other embodiments, the depth planes 150 may be
placed at equal distances away from each other.

[0138] Depth plane positions 150 may be measured 1n
diopters, which 1s a unit of optical power equal to the inverse
of the focal length measured in meters. For example, in some
embodiments, depth plane 1 may be 1/3 diopters away,
depth plane 2 may be 0.3 diopters away, depth plane 3 may
be 0.2 diopters away, depth plane 4 may be 0.15 diopters
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away, depth plane 5 may be 0.1 diopters away, and depth
plane 6 may represent mfinity (1.e., O diopters away). It
should be appreciated that other embodiments may generate
depth planes 150 at other distances/diopters. Thus, 1n gen-
erating virtual content at strategically placed depth planes
150, the user 1s able to perceive virtual objects in three
dimensions. For example, the user may perceive a first
virtual object as being close to im when displayed in depth
plane 1, while another virtual object appears at infinity at
depth plane 6. Alternatively, the virtual object may first be
displayed at depth plane 6, then depth plane 5, and so on
until the virtual object appears very close to the user. It
should be appreciated that the above examples are signifi-
cantly simplified for illustrative purposes. In another
embodiment, all six depth planes may be concentrated on a
particular focal distance away from the user. For example, 1T
the virtual content to be displayed 1s a coflee cup half a meter
away from the user, all six depth planes could be generated
at various cross-sections of the coflee cup, giving the user a
highly granulated 3-D view of the coflee cup.

[0139] In some embodiments, the image display system 1
(e.g., VR system, AR system, MR system, etc.) may work as
a multiple-plane focus system. In other words, all six LOEs
may be 1lluminated simultaneously, such that images appear-
ing to originate from six fixed depth planes are generated 1n
rapid succession with the light sources rapidly conveying
image information to LOE 1, then LOE 2, then LOE 3 and
so on. For example, a portion of the desired 1mage, com-
prising an 1mage of the sky at optical infinity may be mnjected
at time 1 and the LOE retaining collimation of light (e.g.,
depth plane 6 from FIG. 1B) may be utilized. Then an image
ol a closer tree branch may be 1njected at time 2 and an LOE
configured to create an 1mage appearing to originate from a
depth plane 10 meters away (e.g., depth plane 3 from FIG.
1B) may be utilized; then an 1image of a pen may be injected
at time 3 and an LOE configured to create an image
appearing to originate from a depth plane 1 meter away may
be utilized. This type of paradigm can be repeated 1n rapid
time sequential (e.g., at 360 Hz) fashion such that the user’s
eye and brain (e.g., visual cortex) perceives the mnput to be
all part of the same 1mage.

[0140] The image display system 1 may project images
(1.e., by diverging or converging light beams) that appear to
originate from various locations along the Z axis (1.e., depth
planes) to generate images for a 3-D experience/scenario. As
used 1n this application, light beams include, but are not
limited to, directional projections of light energy (including
visible and invisible light energy) radiating from a light
source. Generating 1mages that appear to originate from
various depth planes conforms the vergence and accommo-
dation of the user’s eye for that image, and minimizes or
climinates vergence-accommodation contlict.

[0141] In some cases, 1n order to localize a user of a
head-worn 1mage display device with respect to the user’s
environment, a localization map of the environment 1is
obtained. In some embodiments, the localization map may
be stored in a non-transitory medium that 1s a part of the
system 1. In other embodiments, the localization map may
be recerved wirelessly from a database. After the localization
map 1s obtained, real-time mmput image from the camera
system of the image display device 1s then matched against
the localization map to localize the user. For example corner
teatures of the mnput image may be detected from the mput
image, and match against corner features of the localization
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map. In some embodiments, 1n order to obtain a set of
corners as features from an image for use 1n localization, the
image may {irst need to go through corner detection to obtain
an 1nitial set of detected corers. The initial set of detected
corners 1s then further processed, e.g., go through non-
maxima suppression, spatial binning, etc., 1n order to obtain
a 1inal set of detected corners for localization purposes. In
some cases, liltering may be performed to i1dentily a subset
of detected corners 1n the 1nitial set to obtain the final set of
corners.

[0142] Also, in some embodiments, a localization map of
the environment may be created by the user directing the
image display device 2 at different directions (e.g., by
turning his/her head while wearing the image display device
2). As the image display device 2 1s pointed to different
spaces 1n the environment, the sensor(s) on the image
display device 2 senses characteristics of the environment,
which characteristics may then be used by the system 1 to
create a localization map. In one implementation, the sensor
(s) may include one or more cameras and/or one or more
depth sensors. The camera(s) provide camera 1images, which
are processed by the apparatus 7 to identily different objects
in the environment. Additionally or alternatively, the depth
sensor(s) provide depth information, which are processed by
the apparatus to determine different surfaces of objects in the
environment.

[0143] Referring to FIG. 2, a view 32 as seen by a user
through a system such as that shown i FIG. 1A 1s illus-
trated, depicting an augmented reality gaming scenario
wherein the user not only sees aspects of the room around
the user, but also visualizes virtual assets that appear to be
present 1n the room, such as flying robots 92, 86 and
ambulating robots 94, 90, which may be configured to move
toward the user as the user tries to shoot 88 them using an
input device 84 (in the shape of a toy gun) that may be held
and controlled by the hand 82 of the user. Such a game 1s
available under the tradename “Dr. Grordbort’s Invaders™ ™
from Magic Leap®, Inc. With such a configuration, the hand
controller 82, while having a different outer shape, may
feature similar components as the hand-held controller 4
component of the system of FIG. 1A, such that it may be
tracked 1n space by the spatial computing system 1n multiple
degrees of freedom. For example, 1n various embodiments
the hand-held controller 4 may be tracked 1n six degrees of
freedom, such as X, Y, Z position and yaw, pitch, roll
orientation, 1n real or near-real time relative to other com-
ponents and/or a coordinate system. Thus the configuration
of FIG. 2 allows for the user to aim the hand-held controller

component 84 to execute shooting toward the virtual objects
90, as shown 1n FIG. 2.

[0144] Referring to FIGS. 3A-9B, in other embodiments,

a hand-held controller component 4, 84 may be utilized to
navigate a virtual asset, such as a spaceship, in space around

the user. FIGS. 3A-31, 4A-4D, SA-SE, and 8A 1illustrate
views (34, 36, 38,40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60,
62, 64, 66, 68, 69) as seen by a user through a system such
as that shown in FIG. 1A, wherein a user sees aspects of the
room around the user, such as a couch 102, a chair 104, and
a carpeted floor 100, while the user also visualizes virtual
clements such as a spaceship 96, a launching/landing pad 98,
one or more asteroid, or “Gubbin”, elements 112, 113, a
spaceship rocket thrust visualization 110, various aspects of
explosive visualization 118, 120, and various aspects of

heat/burn visualization (114, 116, 118, 120, 122, 124 which
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may be overlaid upon actual elements of the room, such as
a couch 102, chair 104, or carpeted tloor 100, to provide the
user with the simulated experience that the user 1s navigating,
the spaceship 96 around the room, such as by using motions
of a hand-held control component 4, 84 in space, and that
exposure of actual and/or virtual elements to the thrust
output of the spaceship 96 can result 1n thermodynamic
impacts to such actual and/or virtual elements, including but
not limited to visualized heating, burning, and heat scarring,
which may be configured to change with time, to simulate,
for example, thermodynamic cooling after a heating by the
spaceship thrust output. The spaceship 96 may also be
termed a “rocketship”.

[0145] Referring to FIG. 3A, the room of the user is
viewed with a chair 104, floor 100, couch 102, and virtual
launching/landing pad 98 with virtual spaceship 96 clement
positioned thereupon. In one embodiment, a hand-held con-
troller component 4 may be configured to have a trigger
clement to allow for thrust control, while repositioming and
reorienting the hand-held controller component 4 1n space
relative to a coordinate system of, for example, the room,
may be utilized by the user to provide navigational mputs
(such as instructions to change or retain position or orien-
tation) as the trigger provides thrust control to work against
variations of gravity, 1nertia, friction, or other environmental
variables may be present 1n the simulated environment. FIG.
3 A illustrates a scenario wherein the user 1s not commanding
thrust, so that there 1s no 106 visible thrust visualization.
Referring to FIG. 3B, with a thrust command from the user,
an 1nitial “light-up” thrust visualization 108 1s shown, and
referring to FIG. 3C, as the spaceship launches up, the thrust
visualization 1s shown, such as by an orange (when 1n color)
tapering glow extending from the spaceship 96. Referring to
FIGS. 3D and 3E, with further thrust commanded by the
user, and movement and/or reorientation of the hand-held
controller component 4 relative to the room, the spaceship
96 may be navigated about the room and visualized relative
to the room by the user. Referring ahead to FIG. 6 and FIG.
7, prerequisite to having the spaceship and any other virtual
clements being relationally positioned/repositioned and ori-
ented/reoriented relative to actual elements of the room,
such as the floor 100, a couch 102, and/or a chair 104, the
local environment (such as the room around the user) may
be “meshed” or mapped, such as by the use of depth and/or
optical camera analysis of the features around the user as the
user orients his or her head around the room while wearing

the spatial computing system (i.e., such as that shown in
FIG. 1).

[0146] Thus referring to FIG. 3F, as the user navigates the
virtual spaceship 96 toward the actual couch 102 and actual
floor 100 of the room, the spatial computing system may be
detect such proximity, and eclements close to the thrust
output visualization 110 may be depicted as becoming
heated, burned, and/or heat scarred, as shown in FIG. 3F
wherein heating, burning, and/or heat scarring may be
shown 114, 116 with alternative color visualization, such as
variations or orange and/or red when 1n color. Referring to
FIG. 3G, when the virtual spaceship 1s navigated so that 1t
drifts toward a collision with the actual couch 102, a
visualization of heating, burming, and/or heat scarring 114,
116 may be shown, and upon collision, as shown in FIGS.
3H-31, the spaceship may be visualized to turn to a heated
explosion 118 which may also be shown to create thermo-
dynamic impacts 118, 120 for the local environment.
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[0147] Similarly, referring to FIGS. 4A-4D, a virtual
spaceship 96 1s shown visualized to the user navigating a
meshed room near a chair 104, and when the spaceship turns
adjacent to the chair with the thrusters activated, the chair 1s
shown to have visible thermodynamic impacts 122, 124,
such as by heating, burning, and/or heat scarring which may
be modulated with time. For example, the heating impacts
may be visualized to eflectively be “cooling off” with time
as the exposure to the thrusters 1s discontinued, by succes-
sively less visible virtual heat signature. In other words, 11 an
clement such as a chair 1s freshly heated, 1t may be shown
to have bright red or orange heat visualization; with time and
discontinued exposure to the thruster heat source, 1t may be
shown to have less bright red or orange visualization, and
this may continue to decrease over time. In one variation,
with suflicient cooling the heat visualization may entirely be
discontinued; 1n another variation, remaining damage (such
as 1 an actual burned but cooled off scenario, for example
with gray colored remnant materials when in color) may
remain visualized.

[0148] In various embodiments, simulated thermody-
namic physics may be imparted to various elements which
may be heated, burned, and/or heat scarred. For example,
certain materials may be simulated to have greater thermal
inertia (1.e., they require more heat mput to gain tempera-
ture, and cool down over longer periods of time), or may be
more susceptible to burning or heat scarring, for example. In
one embodiment, the spatial computing system may be
configured to 1dentily certain objects, such as by computer
vision/matching/identification  techniques. In another
embodiment, the spatial computing system may be config-
ured to utilize depth and/or picture cameras to detect surface
profiles or microprofiles that may be associated with thermal
and burning materal properties. In another embodiment, ray
casting techniques, such as sweeping, oscillating, spiral
pattern, figure-8 pattern, or other pattern one or more rays to
detect adjacent surface positions of a particular element,
may be utilized to detect surface profiles and microprofiles
that may be associated with thermal and burning material
properties. In other embodiments, two or more of the above
techniques may be utilized together with hybridized analysis
to assist in predicting thermal and/or burning material prop-
erties pertinent to a particular object.

[0149] For example, 1n one vanation, ray casting tech-
niques utilizing rays originating, for example, from a head-
wearable component 2 or hand-held component 4 and ter-
minating at the surface of a viewed or selected element may
be utilized along with computer vision/matching/identifica-
tion techniques to i1dentify that an actual couch element in
the room 1s likely to be an Ikea® “Model 55 sofa, which 1s
likely to comprise flammable pine wood arms and a flam-
mable cotton seating surface, with confirmation from the ray
tracing sweeping to indicate that the arms appear to be
planar and hardened relative to the highly textured and likely
rumpled seating surface. When an active spaceship thruster,
say on full throttle, 1s passed nearby, the system may be
configured to heat, burn, and/or scar the couch as though the
arms are made of pine wood and the seating surface 1s made
of flammable cotton.

[0150] Referring to FIGS. 5A-SE, one or more asteroid
112, 113 or other virtual elements may be present and
visualized by the user, and the user may be rewarded in
game-style fashion by capturing or coming into close
enough three-dimensional spatial proximity to such ele-
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ments 112, 113. In one embodiment, as shown in the
depicted variation of FIGS. SA-5E adjacent a fireplace 126
in a user’s room, as the spaceship 96 1s navigated close
enough to an asteroid element 112, 113, the nearby asteroid
clement 112 becomes pulled or attracted to the spaceship
and disappears, followed by a visualization of an i1ncremen-
tal score (1.e., 1 more point; 128). At the end of the game,
upon landing of the spaceship 96 on the landing pad 98, the
final score may be visualized 130 for the user.

[0151] Referring to FIG. 6, a flowchart 1llustrates various
such aspects. A user may be wearing spatial computing
system which may comprise components such as a head-
worn component 2, a hand-held controller component 4,
and/or an auxihiary computing or controller component 6,
70. The local environment to the User (such as features of
the local room) may be meshed such that the user’s spatial
computing system has a map of the geometry of the room
around the user and elements therein 72. The system may be
configured such that one component, such as a hand-held
controller component 4, may be utilized by the User as a
piloting control master input device for a virtual object, such
as a spaceship 1n a spatial computing video game 74. The
system may be configured to have a virtual object, such as
the spaceship in the spatial computing video game, feature
simulated thrust functionality with simulated video thrust
output (output visualization 110; element 132 1n FIGS. 8A,
8B, 9A, and 9B represents the “envelope” or outer bounds,
or the thrust output visualization) and thrust thermal and/or
velocity exposure envelopes (elements 134 and 136 of
FIGS. 9A and 9B represent successive envelopes; proximity
of an object to the outer envelope 136 may be utilized by the
system to simulate heat exposure at a first level, while
proximity of an object to the inner envelope 134 may be
utilized by the system to simulate heat exposure at a first
level; 1n other words, in one variation, 1f a couch element
intersects the outer envelope 136 1t may be simulated to start
to burn at a first level or rate; 1t 1t intersects the inner
envelope 134, 1t may be simulated to burn at a second level
or rate that 1s more accelerated or hotter than the first level
or rate), such that real and/or virtual objects 1n the vicinity
of the thrust thermal and/or velocity exposure envelopes
may be shown to be physically reacting to the thrust, such
as by appearing to become heated, burned, moved, and/or
deformed 76. The system may be configured to simulate the
physics of thrust exposure to the real and/or virtual objects
in the vicinity of the thrust thermal and/or velocity exposure
envelopes, such as by showing a heated, burned, moved,
and/or deformed reaction of one or more of such objects to
change over time 78.

[0152] Referring to FIG. 7, another embodiment similar to
that of FIG. 6 1s 1llustrated, with the additional element, such
as 1s discussed above 1n reference to FIGS. SA-5E that the
system may be configured to simulate the physics of thrust
exposure to the real and/or virtual objects based upon a
prediction of the material properties of such real and/or
virtual objects as responsive to thrust; such prediction may
be based at least 1n part upon one or more factors such as
object detection, object 1dentification, object location, object
orientation, and object materials characterization 80.

[0153] Thus 1n a gaming instantiation configuration, when
the game, which may be termed “Dr. Grordbort’s Boost-

ers’™, 15 started using a spatial computing system such as
that illustrated 1n FIG. 1, sensors (such as 22, 24, 26, 28) on
the head-wearable component 2 may be utilized to “mesh”
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(1.e., to create a model of the geometry of the room and
aspects/Teatures thereof, such as a triangular mesh), or create
or update a mesh, of the room around the user. In one
embodiment the system may be configured to be continu-
ously scanning so that a user may navigate a room, move
about into different areas of the room or another room, and
continue to operate the game. In one embodiment, the
user/player may add a meshing volume using the system
interface, scaled this meshing volume up to a size large
enough to capture the mtended gaming environment, and
execute a script to follow the player around this environment
with updated meshing analysis and determination. The
launch/landing pad 98 may be placed by the user, or may be
placed automatically by the system as it identifies a suitable
location, such as a substantially planar floor 100 surface with
an open area or region. As discussed above, with the
spaceship 96 ready to launch from the launch/landing pad
98, the player/user may navigate or direct/redirect the space-
ship 96 using a hand-held control module 4, and as noted
above, the system may be configured such that angle that the
control module 4 1s twisted (or reoriented) to, and/or tlexed
(or repositioned or redirected) to, changes the orientation
and direction of the spaceship 96. The system may be
configured such that pulling a trigger on the hand-held
control module 4 increases the thrust from 0% to 100%
along a curve, with a small flattening of the curve near the
midpoint to create a neutral buoyancy zone where the player
can find a spot that allows them to hover the spaceship 96
within the room. In one embodiment thrust exits from the
bottom of the spaceship 96. In various embodiments, small
re-orienting or maneuvering thruster jets may be positioned
at other locations of the spaceship 96, such as at the nose or
top tip of the spaceship 96. The system may be configured
such that when the user/player gazes through the head-
wearable component 2 at the hand-held component 4, small
visible virtual guides appear (and 1n one variation a glowing,
outline around the hand-held controller 4 to indicate that the
system has determined that the user 1s gazing at the hand-
held controller 4 and may wish to have further information
or instruction), such as textual tool-tips, to assist the user/
player in understanding the controls for the game, and what
the various inputs do. In another embodiment wherein the
hand-held controller comprises a pattern of lights, such as a
circular LED halo, such lighting may be configured to
always point toward the location of the virtual spaceship 96
within the room. In one embodiment, landing gear of the
virtual spaceship 96, such as a plurality of elongate stand
members, may be configured to deploy/extend outward
relative to the main body of the spaceship 96 only when the
spaceship 96 1s within a certain predetermined proximity of
the launching/landing base 98 and 1s 1n a landing orientation,
such as an orientation that 1s substantially normal to the
plane of the launching/landing base 98. In other embodi-
ments, various other small components of the virtual space-
ship 96 may be configured to visibly move relative to the
main body of the spaceship 96 1n accordance with aspects
pertaining to how the spaceship 96 1s being navigated or
where 1t 1s located; for example, in one embodiment, the
system may be configured to plant a small victory flag and
sound a horn when landed on the launching/landing base 98
or any other surface of the environment, and such flag or
flags may be configured to visibly flap in the “wind” (i.e.,
associated with downstream/redirected remnants of thrust)
as the spaceship 96 takes ofl again with thrust—and to

Feb. &, 2024

remain 1n place so that a user/player can gaze around the
room and see where they have successtully landed.

[0154] In one embodiment, when the spaceship 96 1s on
the launch/landing pad 98 and a player moves very close
with their head wearing the head-wearable component 2,
such as a distance at which the system 1s configured to cut
or clip away the virtual content (also known as a “clipping
plane” of the system), the system may be configured to show
the user a diflerent view of the spaceship 96 or other virtual
clements, such as a blueprint of the spaceship 96 with a
character sitting inside at a pilot’s seat.

[0155] In one embodiment, the system may be configured
to make a loud “thonk™ sound if the user navigates the
spaceship 96 such that 1t collides with other elements, such
as the user’s cranium.

[0156] In one embodiment, as noted above, the system
may be configured to show the spaceship 96 exploding upon
certain collision conditions, such as when 1t collides with
objects of the real or virtual world, such as when such
collision happens in excess of certain predetermined speed
limits or angle or impact limits. As discussed 1n reference to
FIG. 31, the explosion may include additional heating,
burning, and virtual damage to the environment; further,
particles and bits of the spaceship may be shown to litter the
area, and even 1f the flames are shown to eventually extin-
guish, the system may be configured to continue showing
exploded spaceship remnants and debris, somewhat akin to
planted flags, so that a user may see where they’ve had
collisions and accidents in their environment. The system
may be configured to facilitate various spaceship 96 modes,
such as a basic mode and an advanced mode with more
thrust and higher spaceship 96 velocities. In one embodi-
ment, different spaceship 96 sizes may also be selected, such
as a size similar to that shown in FIG. 3A relative to the scale
of the nearby turniture 102, 104, or a larger size, such as 1n
one mode which may be termed an “Experimental Giant
Rocket” mode, wherein the spaceship 96 may be displayed
as very large relative to the scale of the room or user.

[0157] Processing Unit

[0158] FIG. 10 illustrates a processing unit 1102 1n accor-
dance with some embodiments. The processing umt 1102
may be an example of the apparatus 7 described herein. As
shown 1n the figure, the processing unit 1002 includes a
communication interface 1010, an object detector 1020, a
graphic generator 1030, a non-transitory medium 1040, and
a controller input 1050. In some embodiments, the commu-
nication interface 1010, the object detector 1020, the graphic
generator 1030, the non-transitory medium 1040, the con-
troller input 1050, or any combination of the foregoing, may
be implemented using hardware. By means of non-limiting
examples, the hardware may include one or more FPGA
processors, one or more ASIC processors, one or more
signal processors, one or more math processors, one or more
integrated circuits, or any combination of the foregoing. In
some embodiments, any components of the processing unit
1102 may be implemented using software.

[0159] In some embodiments, the processing unit 1002
may be implemented as separate components that are com-
municatively coupled together. For example, the processing
umit 1002 may have a first substrate carrying the commu-
nication interface 1010, the object detector 1020, the graphic
generator 1030, and the controller input 1050, and another
substrate carrying the non-transitory medmum 1040. As
another example, all of the components of the processing
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unit 1002 may be carried by a same substrate. In some
embodiments, any, some, or all of the components of the
processing unit 1002 may be implemented at the image
display device 2. In some embodiments, any, some, or all of
the components of the processing unit 1002 may be imple-
mented at a device that 1s away from the image display
device 2, such as at the handheld control component 4, the
control component 6, a cell phone, a server, etc.

[0160] The processing unit 1002 1s configured to receive
one or more sensor output from sensors at the 1mage display
device 2, and control the screen of the image display device
2 to display graphics based on the sensor output. In some
embodiments, the sensor output may include 1image(s) cap-
tured by a camera at the image display device 2. Alterna-
tively or additionally, the sensor output may include distance
data captured by depth sensor(s) at the image display device
2. The distance data may be data generated based on
time-oi-tlight technique. In such cases, a signal generator at
the 1mage display device 2 transmits a signal, and the signal
reflects ofl from an object 1n an environment around the user.
The reflected signal 1s received by a receiver at the image
display device 2. Based on the time 1t takes for the signal to
reach the object and to reflect back to the receiver, the sensor
or the processing unit 1002 may then determine a distance
between the object and the recerver. In other embodiments,
the sensor output may include any other data that can be
processed to determine a location of an object in the envi-
ronment.

[0161] The communication interface 1010 1s configured to
receive the sensor output. In some embodiments, the com-
munication interface 1010 1s communicatively coupled to a
camera and/or depth sensor(s) of the image display device 2.
In such embodiments, the communication interface 1010
receives 1mages directly from the camera, and/or depth
signals from the depth sensor(s). In some embodiments, the
communication interface 1010 may be coupled to another
device, such as another processing unit, which processes
images from a camera, and/or processes depth signals from
the depth sensor(s), before passing them to the communi-
cation 1nterface 1010. Also, 1n some embodiments, the
communication interface 1010 may be configured to obtain
the sensor output wirelessly or via physical conductive
transmission line(s).

[0162] In some embodiments, 1f there are different sensors
at the 1mage display device 2 for providing different types of
sensor outputs, the communication interface 1010 of the
processing unit 1002 may have different respective sub-
communication interfaces for receiving the different respec-
tive sensor outputs.

[0163] The object detector 1020 of the processing unit
1002 1s configured to detect one or more objects i the
environment of the user based on the sensor output received
by the communication interface 1010 of the processing unit
1002. In some embodiments, if the sensor output includes
images from a camera, the object detector 1020 1s configured
to perform 1mage processing on the images to identify one
or more objects in the images. For example, the object
detector 1020 may be configured to 1dentily a table, a chatr,
a bookshell, a rug, a wall, a lamp, an 1tem in a room, etc.
Also, 1n some embodiments, the object being detected may
be a part of an 1tem, such as a corner, an rectilinear edge, a
curvilinear edge, etc. In addition, 1n some embodiments, the
object detector 1020 may be configured to perform image
comparison or image searching to identify one or more
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objects. For example, the object detector 1020 may obtain a
reference object from the non-transitory medium 1040 or
from another device (e.g., a server), and may search a
camera 1image to 1dentily an image of the object having the
same configuration as that of the reference object. In some
cases, the object detector 1020 may compare a part of a
camera image (e.g., 1 a sliding window) with an 1image of
the reference object, and determine whether an 1image of an
object 1n the camera image matches the image of the
reference object. If so, then the object detector 1020 may
determine that there 1s a presence of the object.

[0164] In some embodiments, the object detector 1020
may also 1dentify a maternial or a type of material of an object
detected 1n the camera 1mage. For example, 1in addition to
identifving an object 1n the environment being a chair, the
object detector 1020 may also determine a material from
which the chair 1s made from. By means of non-limiting
examples, the object detector 1020 may determine that the
chair 1s made from leather, a fabric, plastic, wood, or metal.
In one implementation, the object detector 1020 may access
a table of matenials (which may be stored in the non-
transitory medium 1040, or remotely 1n a server), which
includes attributes of the materials, such as colors, textures,
surface temperatures, etc. The object detector 1020 may
identify the material by analyzing the camera image to see
if the color and/or texture matches that in the table. Alter-
natively or additionally, the object detector 1020 may 1den-
tify the material by comparing the surface temperature of the
detected object with the surface temperatures of the mate-
rials 1n the table. The surface temperature of an object may
be determined using infrared temperature sensor, laser tem-
perature sensor, etc., which may be implemented at the
image display device 2.

[0165] Also, in some embodiments, the object detector
1020 may be configured to determine a geometry of the
identified object. In one implementation, the image display
device 2 may include at least two cameras configured to
capture i1mages of objects from two diflerent angles. The
object detector 1020 may process 1mages from the cameras
to determine a three-dimensional configuration of each
object 1n the environment. In other embodiments, the image
display device 2 may include depth sensor(s). In such cases,
the object detector 1020 may process depth information
from the depth sensor(s) to determine three-dimensional
configurations of the objects in the environment. In some
cases, the object detector 1020 may be configured to deter-
mine surtaces of objects in the environment.

[0166] The graphic generator 1030 1s configured to gen-
erate graphics for display on the screen of the image display
device 2 based at least 1n part on the identified object(s)
identified by the object i1dentifier 1020. For example, the
graphic generator 1030 may control the screen of the image
display device 2 to display a virtual object such that the
virtual object appears to be 1n the environment as viewed by
the user through the screen. By means of non-limiting
examples, the virtual object may be a virtual vehicle (e.g., a
car, a plane, a space shuttle, a ship, a rocket, a submarine, a
helicopter, a motorcycle, a bike, a tractor, an all-terrain-
vehicle, a snowmobile), a virtual person (e.g., a cartoon, an
image ol a real person, etc.), a virtual tool, a virtual object
in a room, a bullet, a missile, a fire, a heatwave, etc., etc.
Also, 1n some embodiments, the graphic generator 1030 may
generate an 1image of the virtual object for display on the
screen such that the virtual object will appear to be inter-
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acting with the real physical object 1n the environment. For
example, the graphic generator 1030 may cause the screen
to display the image of the virtual object so that the virtual
object appears to be supported by the physical object in the
environment as viewed by the user through the screen of the
image display device 2. As another example, the graphic
generator 1030 may cause the screen to display the image of
the virtual object so that the virtual object appears to be
deforming or damaging the physical object in the environ-
ment as viewed by the user through the screen of the image
display device 2. In some cases, such may be accomplished
by the graphic generator 1030 generating an interaction
image, such as an 1mage of a deformation mark (e.g., a dent
mark, a fold line, etc.), an 1mage of a burnt mark, an 1mage
showing a heat-change, an 1mage of a fire, an explosion
image, a wreckage 1mage, etc., for display by the screen of
the 1mage display device 2.

[0167] In some embodiments, different interaction images
may be stored in the non-transitory medium 1040 and/or
may be stored 1n a server that 1s 1n communication with the
processing unit 1002. The interaction images may be stored
in association with one or more attributes relating to inter-
action of two objects. For example, an image of a wrinkle
may be stored 1n association with an attribute “blanket”. In
such cases, iI the virtual object 1s displayed as being
supported on a physical object that has been 1dentified as a
“blanket™, then the graphic generator 1030 may display the
image ol the wrinkle between the virtual object and the
physical object as viewed through the screen of the image
display device 2, so that the virtual object appears to have
made the blanket wrinkled by sitting on top of the blanket.

[0168] As another example, an 1image of a crack may be
stored 1n association with an attribute “glass™. In such cases,
if the virtual object 1s displayed as being supported on a
physical object that has been 1dentified as a “glass”, then the
graphic generator 1030 may display the image of the crack
between the virtual object and the physical object as viewed
through the screen of the image display device 2, so that the
virtual object appears to have cracked the glass.

[0169] As a further example, an 1image of a burnt mark
may be stored in association with an attribute “vehicle
thrust”. In such cases, 1 a virtual vehicle 1s displayed as
being in contact or 1n close proximity with a physical object,
then the graphic generator 1030 may display the image of
the burnt mark on the physical object as viewed through the
screen of the image display device 2, so that the physical
object appears to have burnt by the engine thrust of the
virtual vehicle. As used 1n this specification, the term “close
proximity” refers to a distance between two items that
satisfies a criterion, such as a distance that 1s less than a
certain pre-defined value (e.g., S cm, 1 cm, 5 mm, etc.).

[0170] It should be noted that the graphic generator 1030
1s not limited to providing burnt mark as an interaction
image, and that the graphic generator 1030 may be config-
ured to provide other types of damage marks. For example,
in some embodiments, the graphic generator 1030 may be
configured to provide a more severe burnt mark, a burning
image, smoke i1mage, an explosion 1mage, a wreckage
image, etc. In some embodiments, the different types of
damage marks may be used to indicate different degrees of
damage caused by a virtual vehicle’s thermal thrust.

[0171] In some embodiments, the different degrees of
damage may be due to different durations of virtual inter-
action between the virtual vehicle and the real physical
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object. For example, 1f the wvirtual vehicle or its thrust
thermal 1s 1n virtual contact, or 1s 1n virtual close proximity
with the physical object for a first time period, the graphic
generator 1030 may operate the screen of the image display
device 2 to display a first burn mark so that the physical
object appears burnt at the location where the virtual vehicle
or 1ts thrust thermal virtually interacted with the physical
object. It the virtual vehicle or its thrust thermal 1s 1n virtual
contact, or 1s 1n virtual close proximity with the physical
object for a second time period longer than the first time
period, the graphic generator 1030 may operate the screen of
the 1mage display device 2 to display a more sever burn
mark so that the physical object appears more burnt at the
location where the wvirtual vehicle or its thrust thermal
virtually interacted with the physical object. If the virtual
vehicle or its thrust thermal 1s 1n virtual contact, or 1s 1n
virtual close proximity with the physical object for a third
time period longer than the second time period, the graphic
generator 1030 may operate the screen of the image display
device 2 to display smoke 1mage so that the physical object
appears to be about to be 1gnited at the location where the
virtual vehicle or its thrust thermal virtually interacted with
the physical object. If the virtual vehicle or 1ts thrust thermal
1s 1n virtual contact, or 1s 1n virtual close proximity with the
physical object for a fourth time period longer than the third
time period, the graphic generator 1030 may operate the
screen of the image display device 2 to display a fire 1mage
so that the physical object appears to be on fire at the
location where the wvirtual vehicle or its thrust thermal
virtually interacted with the physical object. If the virtual
vehicle or its thrust thermal 1s 1n virtual contact, or 1s 1n
virtual close proximity with the physical object for a fifth
time period longer than the fourth time period, the graphic
generator 1030 may operate the screen of the image display
device 2 to display an explosion image so that the physical
object appears to have been exploded at the location where
the virtual vehicle or 1ts thrust thermal virtually interacted
with the physical object.

[0172] Altematively or additionally, the different degrees
of damage may be due to different degrees ol proximity
between the virtual vehicle and the real physical object. For
example, 11 the virtual vehicle or its thrust thermal has a first
virtual proximity with the physical object, the graphic gen-
crator 1030 may operate the screen of the image display
device 2 to display a first burn mark so that the physical
object appears burnt. If the virtual vehicle or 1its thrust
thermal has a second virtual proximity with the physical
object that 1s closer than the first proximity, the graphic
generator 1030 may operate the screen of the image display
device 2 to display a more sever burn mark so that the
physical object appears more burnt. If the virtual vehicle or
its thrust thermal has a third virtual proximity with the
physical object that 1s closer than the second proximity, the
graphic generator 1030 may operate the screen of the image
display device 2 to display smoke image so that the physical
object appears to be about to be 1gnited. It the virtual vehicle
or 1ts thrust thermal has a fourth virtual proximity with the
physical object that 1s closer than the third proximaity, the
graphic generator 1030 may operate the screen of the image
display device 2 to display a fire image so that the physical
object appears to be on fire. I1 the virtual vehicle or 1ts thrust
thermal has a fifth virtual proximity with the physical object
that 1s closer than the fourth proximaity, the graphic generator
1030 may operate the screen of the image display device 2
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to display an explosion 1mage so that the physical object
appears to have been exploded.

[0173] The controller input 1050 of the processing unit
1002 1s configured to receive user mput from the controller
component 4 and/or the controller component 6. In some
embodiments, the user input 1s utilized by the processing
unit 1002 to move the virtual object being presented 1n the
screen ol the image display device 2. For example, 11 the
virtual object 1s a virtual vehicle, the handheld controller
component 4 may be manipulated by the user to move the
virtual vehicle in the screen, so that the virtual vehicle will
appear to be moving in the real environment as viewed by
the user through the screen of the image display device 2. In
some embodiments, the handheld controller component 4
may be configured to move the virtual object in the two-
dimensional display screen so that the virtual object will
appear to be 1n motion in a virtual three-dimensional space.
For example, in addition to moving the virtual object up,
down, left, and right, the handheld controller component 4
may also move the virtual object in and out of a vision depth
ol the user.

[0174] In some embodiments, as the virtual object 1s being
moved based on the user input received via the controller
input 1050, the processing unit 1002 keeps track of the
position of the virtual object with respect to one or more
objects i1dentified 1 the physical environment. In some
cases, 1f the virtual object comes into contact, or in close
proximity, with the physical object, the graphic generator
1030 may generate graphics to indicate an interaction
between the virtual object and the physical object i the
environment.

[0175] For example, in some embodiments, the virtual
object may be a virtual vehicle with a thruster, wherein the
position of the virtual vehicle 1s controllable by the handheld
controller component 4. In such cases, 11 the virtual vehicle
1s virtually moved so that its thruster comes 1n contact, or 1n
close proximity, with a real physical object as viewed
through the screen of the image display device 2, the
processing umt 1002 will operate the screen to display a
burnt mark (example of an interaction image). The burnt
mark 1s positioned in the screen so that 1t appears to be on
the real physical object (as viewed through the screen of the
image display device 2) at the location where the thruster of
the virtual vehicle has contacted or has come ito close
proximity with the real physical object.

[0176] In some embodiments, the interaction image (e.g.,
the burnt mark) may be permanently associated with the
location of the physical object. In such cases, the non-
transitory medium 1040 may store information regarding the
interaction 1mage, including the type of interaction image
(e.g., burnt mark, fire 1mage, wreckage image, etc.), identi-
fier of physical object on which the interaction i1mage 1s
virtually placed, position of the interaction image with
respect to the physical object, or any combination of the
foregoing. Accordingly, if the user later goes back to the
same environment with the same physical object being
present, the processing umt 1002 will operate the screen of
the 1image display device 2 to present the iteraction image
(e.g., burnt mark) as though the burnt mark 1s permanently
at the physical object.

[0177] In other embodiments, the interaction image (e.g.,
the burnt mark) i1s not permanent. Instead, the interaction
image 1s temporarily displayed, and may disappear in the
screen after a certain period. For example, 1n the situation 1n
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which the interaction image 1s fire, the processing unit 1002
may operate the screen to display a transformation (e.g., a
video) of the fire so that the fire will appear to be gradually
subsiding until 1t 1s gone. In such cases, a video showing the
change of the interaction may be stored in the non-transitory
medium 1040, or may be retrieved from another device (e.g.,
a server).

[0178] In some embodiments, the interaction image (e.g.,
burnt mark, fire 1image, wreckage 1mage, etc.) may have a
three-dimensional configuration, and/or may be based on a
three-dimensional model. For example, the burnt mark may
have a three-dimensional configuration. In such cases,
cependmg on the viewing direction of the image dlsplay
device 2 with respect to the physical object (that has the
displayed burnt mark), the processing unit 1002 may adjust
the presentation of the burnt mark so that 1t corresponds with
the view direction.

[0179] Also, in some embodiments, the configuration
(e.g., orientation, shape, etc.) of the interaction 1image may
be based on a surface orientation and/or surface of the
physical object. For example, if the physical object has a
spherical shape, then the interaction image may have a
curvilinear profile or curvilinear feature so that 1t appears to
be on the curvilinear surface of the spherical object.

[0180] In some embodiments, the wvirtual vehicle may
include one or more thrust thermal, envelope(s), like 1tems
132, 134, 136 shown 1n FIGS. 8-9. The virtual vehicle may
be displayed as having a first thrust thermal envelope 132 in
response to the user operating the handheld controller com-
ponent 4 to provide the virtual vehicle with a first power
level. The virtual vehicle may be displayed as having a
second thrust thermal envelope 134 1n response to the user
operating the handheld controller component 4 to provide
the virtual vehicle with a second power level that 1s higher
than the first power level. The virtual vehicle may be
displayed as having a third thrust thermal envelope 136 1n
response to the user operating the handheld controller com-
ponent 4 to provide the virtual vehicle with a third power
level that 1s higher than the second power level. In some
embodiments, the thrust thermal envelope 132/134/136 may
be considered to be a part of the virtual vehicle. In other
embodiments, the thrust thermal envelope 132/134/136 may
be considered to be virtual object that 1s separate from the
virtual vehicle.

[0181] In some embodiments, as the virtual vehicle 1s
being moved based on the user mput received via the
controller mput 1050, the processing unit 1002 keeps track
of the position of the thrust thermal envelope 132/134/136
with respect to one or more objects 1dentified 1n the physical
environment. In some cases, 1f the thrust thermal envelope
132/134/136 comes 1nto contact, or 1n close proximity, with
the physical object, the graphic generator 1030 may generate
graphics to indicate an interaction between the virtual object
and the physical object 1n the environment. For example, 1f
the virtual vehicle 1s virtually moved so that the thrust
thermal envelope 132/134/136 (which moves together with
the virtual vehicle) comes 1n contact, or 1n close proximity,
with a real physical object as viewed through the screen of
the 1mage display device 2, the processing umt 1002 waill
operate the screen to display a burnt mark (example of an
interaction 1mage). The burnt mark 1s positioned in the
screen so that it appears to be on the real physical object (as
viewed through the screen of the image display device 2) at
the location where the thrust thermal envelope 132/134/136
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associated with the virtual vehicle has contacted or has come
into close proximity with the real physical object.

[0182] In some embodiments, the processing unit 1002
may be configured to determine a virtual distance between
a reference position associated with the graphical item (e.g.,
virtual object being displayed) and the physical object, and
cause the screen to display an interaction image (e.g., heat
visualization) upon a satisfaction of a criteria by the virtual
distance. By means of non-limiting examples, the reference
position associated with virtual object may be a position of
a corner of the virtual object, a position of an edge of the
virtual object, a position on a surface of the virtual object, a
centroid or center of the virtual object, or a point located
away from the virtual object. In the embodiments 1n which
the virtual object 1s a virtual vehicle, the reference position
associated with the virtual vehicle may be a position of a
corner of the virtual vehicle, a position of an edge of the
virtual vehicle, a position on a surface of the virtual vehicle,
a centroid or center of the virtual vehicle, or a point located
away from the virtual vehicle ({or example, the point located
away Ifrom the virtual vehicle may be a point at an edge of
a thermal thrust envelope). Also, 1n some embodiments, the
virtual distance may be measured between the reference
position associated with the graphical 1tem and a surface of
the physical object.

[0183] It should be noted that the virtual object that can
virtually interact with the real physical object 1s not limited
to the examples described, and that the virtual object may be
other items. By means of non-limiting examples, the virtual
object may be a bullet, a missile, a laser beam, energy wave,
a handheld weapon (e.g., a sword, an axe, a hammer, efc.).
Also, as used 1n this specification, the term “virtual object”
1s not limited to virtualized physical items, and may refer to
virtualization of any items, such as virtualized heat, virtu-
alized sound energy, or any other virtualized energy.

[0184] As 1llustrated 1n the above embodiments, methods
and apparatuses for displaying object image (virtual object)
on a transparent screen of an image display device 2 are
provided. The virtual object 1s displayed so that it appears to
be 1nteracting with real physical object as viewed by a user
through the screen. Methods and apparatuses for displaying
interaction 1image representing the interaction between the
virtual object and the real physical object are also described
heremn. For example, as illustrated in the above embodi-
ments, 1t 1s advantageous to provide an image of a feature
that 1s resulted from a virtual interaction between the user-
controllable object and the physical object. In some cases,
the feature will appear to be a part of the physical object
(e.g., a burnt mark, a wreckage, etc. at the physical object)
in the environment, or will appear to be emanating from the
physical object (e.g., as 1n the case of smoke, fire, or broken
pieces flying away from the physical object). Providing
interaction 1mage 1s advantageous because 1t enhances the
user’s experience when using the image display device 2. In
some cases, the interaction image may provide realism 1n
representing the nature of interaction between the virtual
object and the real physical object. In gaming applications,
such features may provide a more enjoyable and fun expe-
rience for the user of the image display device 2.

[0185] Method Performed by the Processing Unit and/or
Application 1n the Processing Unit

[0186] FIG. 11A illustrates a method 1100 1 accordance
with some embodiments. The method 1100 may be per-
formed by an apparatus having an image display device
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(e.g., image display device 2) configured for head-worn by
a user, the apparatus having a screen configured to present
graphics for the user, a sensor system configured to sense a
characteristic of an object in an environment in which the
user 1s located, and a processing unit. In some embodiments,
the method 1100 may be performed by any of the image
display devices described herein. Also, 1 some embodi-
ments, at least a part of the method 1100 may be performed
by the processing unit 1002. The method 1100 includes:
obtaining a sensor output from a sensor system of the
head-worn 1mage display device (item 1102); identifying a
physical object in an environment in which a user of the
head-worn display device 1s located based on the sensor
output (item 1104); displaying, or causing a screen to
display, a graphical item 1n a transparent screen of the
head-worn 1mage display device so that the graphical item
will appear to be 1n a spatial relationship with respect to the
physical object in the environment as viewed through the
transparent screen (item 1106); determining a virtual dis-
tance between a reference position associated with the
graphical item and the physical object (item 1108); and
displaying, or causing the screen to display, a heat visual-
1zation upon a satisfaction of a criteria by the virtual distance
(1item 1110).

[0187] Optionally, 1n the method 1100, a configuration of
the heat visualization 1s variable depending on the deter-
mined virtual distance between the reference position asso-
ciated with the graphical item and the physical object.
[0188] Optionally, 1n the method 1100, the heat visualiza-
tion has a first configuration when the virtual distance
between the reference position associated with the graphical
item and the physical object has a first value; and wherein
the heat visualization has a second figuration when the
virtual distance between the reference position associated
with the graphical item and the physical object has a second
value that 1s different from the first value.

[0189] Optionally, 1n the method 1100, the heat visualiza-
tion comprises an i1mage of a burnt mark positioned in
correspondence with the physical object so that the physical
object has an appearance of being burnt.

[0190] Optionally, 1n the method 1100, the heat visualiza-
tion has a first configuration when the virtual distance
between the reference position associated with the graphical
item and the physical object 1s less than a first threshold.

[0191] Optionally, 1n the method 1100, the heat visualiza-
tion has a second configuration that 1s different from the first
configuration when the virtual distance between the refer-
ence position associated with the graphical item and the

physical object 1s less than a second threshold, wherein the
second threshold 1s less than the first threshold.

[0192] Optionally, in the method 1100, the first configu-
ration of the heat visualization comprises a first burnt mark,
and the second configuration of the heat visualization com-
prises a second burnt mark that 1s more severe than the first
burnt mark.

[0193] Optionally, in the method 1100, the first configu-

ration of the heat visualization comprises a burnt mark, and
the second configuration of the heat visualization comprises
an 1mage of fire, an 1mage of a destroyed structure, or an
image of an explosion.

[0194] Optionally, the method 1100 further includes

receiving a user input, and adjusting a position of the
graphical 1item being displayed on the screen based on the
user mput.
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[0195] Optionally, 1n the method 1100, the sensor system
comprises a depth sensor configured to provide a sensor
output; and wherein the virtual distance between the refer-
ence position associated with the graphical item and the
physical object 1s determined based on the sensor output.
[0196] Optionally, in the method 1100, the sensor system
comprises a camera configured to provide an 1mage of the
environment; and wherein the physical object 1s 1dentified
based on the image.

[0197] Optionally, in the method 1100, the graphical item
comprises an image ol a vehicle.

[0198] Optionally, in the method 1100, the graphical item
comprises an 1image ol a thrust.

[0199] Optionally, in the method 1100, the graphical item
comprises an 1mage ol a vehicle, and wherein the method
1100 further comprises receiving a user input, and display-
ing a thrust visualization 1n association with the image of the
vehicle 1n response to the user mput.

[0200] Optionally, the method 1100 further includes
changing the thrust visualization 1n response to a change 1n
the user input.

[0201] Optionally, the method 1100 further includes dis-

playing a transformation of the heat visualization so that the
heat visualization disappears over time.

[0202] Optionally, 1n the method 1100, the heat visualiza-
tion 1s displayed as a permanent overlay over the physical
object.

[0203] Optionally, 1n the method 1100, the heat visualiza-
tion comprises an 1mage ol a burnt mark.

[0204] Optionally, 1n the method 1100, the heat visualiza-
tion comprises an 1mage ol an explosion.

[0205] Optionally, 1n the method 1100, the heat visualiza-
tion comprises an 1image of a destroyed structure.

[0206] Optionally, 1n the method 1100, the heat visualiza-
tion comprises an 1image of smoke.

[0207] In some embodiments, the method 1100 may be
performed 1n response to a processing unit executing
instructions stored 1n a non-transitory medium. Accordingly,
in some embodiments, a non-transitory medium includes
stored 1nstructions, an execution ol which by a processing
unit of a head-worn 1mage display device will cause a
method to be performed, the method comprising: obtaining,
a sensor output from a sensor system of the head-worn
image display device; 1dentifying a physical object 1n an
environment 1 which a user of the head-worn display
device 1s located based on the sensor output; displaying a
graphical item in a transparent screen of the head-worn
image display device so that the graphical item will appear
to be 1n a spatial relationship with respect to the physical
object 1n the environment as viewed through the transparent
screen; determining a virtual distance between a reference
position associated with the graphical 1tem and the physical
object, and displaying a heat visualization upon a satisiac-
tion of a criteria by the virtual distance.

[0208] FIG. 11B 1llustrates another method 1150 1n accor-
dance with some embodiments. The method 1150 may be
performed by an apparatus having an image display device
(e.g., image display device 2) configured for head-worn by
a user, the apparatus having a screen configured to present
graphics for the user, a sensor system configured to sense a
characteristic of an object in an environment in which the
user 1s located, and a processing unit. In some embodiments,
the method 1150 may be performed by any of the image
display devices described herein. Also, 1 some embodi-
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ments, at least a part of the method 1150 may be performed
by the processing unit 1002. The method 1150 includes:
sensing a characteristic of a physical object in an environ-
ment 1n which a user 1s located (item 1152); displaying, or
causing a screen to display, a user-controllable object 1n a
transparent screen of the head-worn image display device
(1tem 1154); and displaying, or causing the screen to display,
an 1mage ol a feature that 1s resulted from a virtual inter-
action between the user-controllable object and the physical
object as viewed through the transparent screen of the
head-worn 1mage display device, so that the feature will
appear to be a part of the physical object 1n the environment
or appear to be emanating from the physical object (item

1156).
[0209] Optionally, in the method 1150, the image of the
feature comprises an 1mage of a burnt mark for the physical
object.
[0210] Optionally, in the method 1150, the image of the
feature comprises an 1mage of an explosion for the physical
object.
[0211] Optionally, 1n the method 1150, the image of the

feature comprises an 1mage of a destroyed structure for the
physical object.

[0212] Optionally, in the method 1150, the 1image of the
feature comprises an image of smoke for the physical object.
[0213] Optionally, the method 1150 further includes dis-

playing a transformation of the feature so that the feature
disappears over time.

[0214] Optionally, 1n the method 1150, the image of the
teature 1s displayed as a permanent overlay over the physical
object.

[0215] Optionally, the method 1150 further includes
changing a configuration of the image of the feature based
on a viewing orientation of the user.

[0216] Optionally, 1n the method 1150, the virtual inter-
action between the user-controllable object and the physical

object comprises a direction interaction or an indirect inter-
action.

[0217] Optionally, in the method 1150, the image of the
feature comprises a heat visualization.

[0218] Optionally, in the method 11350, a configuration of
the heat visualization 1s variable depending on a virtual
distance between a reference position associated with the
user-controllable object and the physical object.

[0219] Optionally, 1n the method 1150, the heat visualiza-
tion has a first configuration when a virtual distance between
a reference position associated with the user-controllable
object and the physical object has a first value; and wherein
the heat visualization has a second figuration when the
virtual distance between the reference position associated
with the user-controllable object and the physical object has
a second value that 1s different from the first value.

[0220] Optionally, 1n the method 1150, the heat visualiza-
tion has a first configuration when a virtual distance between
the reference position associated with the user-controllable
object and the physical object 1s less than a first threshold.
[0221] Optionally, 1n the method 1150, the heat visualiza-
tion has a second configuration that 1s different from the first
configuration when the virtual distance between the refer-
ence position associated with the user-controllable object
and the physical object 1s less than a second threshold,
wherein the second threshold 1s less than the first threshold.

[0222] Optionally, in the method 1150, the first configu-
ration of the heat visualization comprises a first burnt mark,
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and the second configuration of the heat visualization com-
prises a second burnt mark that 1s more severe than the first
burnt mark.

[0223] Optionally, in the method 1150, the first configu-

ration of the heat visualization comprises a burnt mark, and
the second configuration of the heat visualization comprises
an 1mage of fire, an 1image of a destroyed structure, or an
image of an explosion.

[0224] Optionally, 1n the method 1150, the sensor system
comprises a depth sensor configured to provide a sensor
output; and wherein the method 1150 further includes deter-
mimng a position of the physical object based on the sensor
output.

[0225] Optionally, 1n the method 1150, the sensor system
comprises a camera configured to provide an 1mage of the
environment; and wherein the method 1150 further includes
identifying the physical object 1n the image.

[0226] Optionally, in the method 1150, the user-control-

lable object comprises an 1mage of a vehicle.

[0227] Optionally, in the method 1150, the user-control-
lable object comprises an 1mage of a thrust.

[0228] Optionally, in the method 1150, the user-control-
lable object comprises an 1mage of a vehicle, and wherein
the method 1150 turther includes receiving a user input, and
displaying a thrust visualization in association with the
image of the vehicle 1n response to the user input.

[0229] Optionally, the method 1150 further includes dis-

playing a change in the thrust visualization in response to a
change 1n the user mput.

[0230] Optionally, the method 11350 further includes
receiving a user mnput, and adjusting a position of the
user-controllable object being displayed on the screen based
on the user iput.

[0231] In some embodiments, the method 1150 may be
performed 1n response to a processing unit executing
instructions stored in a non-transitory medium. Accordingly,
in some embodiments, a non-transitory medium 1includes
stored instructions, an execution of which by a processing
unit of a head-worn image display device will cause a
method to be performed, the method comprising: sensing a
characteristic of a physical object 1n an environment 1n
which a user 1s located; displaying a user-controllable object
in a transparent screen of the head-worn image display
device, and displaying an image of a feature that 1s resulted
from a virtual interaction between the user-controllable
object and the physical object as viewed through the trans-
parent screen of the head-worn 1image display device, so that
the feature will appear to be a part of the physical object in
the environment or appear to be emanating from the physical
object.

[0232] Specialized Processing System

[0233] In some embodiments, the method 1100/1150
described herein may be performed by the system 1 (e.g., the
processing unit 1002) executing an application, or by the
application. The application may contain a set of instruc-
tions. In one implementation, a specialized processing sys-
tem having a non-transitory medium storing the set of
instruction for the application may be provided. The execu-
tion of the instruction by the processing unit 1102 of the
system 1 will cause the processing unit 1102 and/or the
image display device 2 to perform the features described
herein. For example, in some embodiments, an execution of
the instructions by a processing unit 1102 will cause the

method 1100/1150 to be performed.
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[0234] In some embodiments, the system 1, the image
display device 2, or the apparatus 7 may also be considered
as a specialized processing system. In particular, the system
1, the image display device 2, or the apparatus 7 1s a
specialized processing system in that it contains 1nstruction
stored 1n 1ts non-transitory medium for execution by the
processing umt 1102 to provide umique tangible effects in a
real world. The features provided by the image display
device 2 (as a result of the processing unit 1102 executing
the 1nstruction) provide improvements 1n the technological
field of augmented reality and virtual reality.

[0235] FIG. 12 1s a block diagram 1illustrating an embodi-
ment of a specialized processing system 1600 that can be
used to implement various features described herein. For
example, in some embodiments, the processing system 1600
may be used to implement at least a part of the system 1, e.g.,
the 1mage display device 2, the processing unit 1002, etc.
Also, 1n some embodiments, the processing system 1600
may be used to implement the processing unit 1102, or one
or more components therein (e.g., the object detector 1020,
the graphic generator 1030, etc.).

[0236] The processing system 1600 includes a bus 1602 or
other communication mechanism for communicating infor-
mation, and a processor 1604 coupled with the bus 1602 for
processing information. The processor system 1600 also
includes a main memory 1606, such as a random access
memory (RAM) or other dynamic storage device, coupled to
the bus 1602 for storing information and instructions to be
executed by the processor 1604. The main memory 1606
also may be used for storing temporary variables or other
intermediate information during execution of mstructions to
be executed by the processor 1604. The processor system
1600 further includes a read only memory (ROM) 1608 or
other static storage device coupled to the bus 1602 for
storing static information and instructions for the processor
1604. A data storage device 1610, such as a magnetic disk,
solid state disk, or optical disk, 1s provided and coupled to
the bus 1602 for storing information and instructions.

[0237] The processor system 1600 may be coupled via the
bus 1602 to a display 1612, such as a screen, for displaying
information to a user. In some cases, if the processing system
1600 1s part of the apparatus that includes a touch-screen, the
display 1612 may be the touch-screen. An iput device
1614, including alphanumeric and other keys, 1s coupled to
the bus 1602 for communicating information and command
selections to processor 1604. Another type of user input
device 1s cursor control 1616, such as a mouse, a trackball,
or cursor direction keys for communicating direction infor-
mation and command selections to processor 1604 and for
controlling cursor movement on display 1612. This input
device typically has two degrees of freedom 1n two axes, a
first axis (e.g., X) and a second axis (e.g., v), that allows the
device to specily positions 1n a plane. In some cases, 11 the
processing system 1600 1s part of the apparatus that includes
a touch-screen, the input device 1614 and the curser control
may be the touch-screen.

[0238] In some embodiments, the processor system 1600
can be used to perform various functions described herein.
According to some embodiments, such use 1s provided by
processor system 1600 1n response to processor 1604
executing one or more sequences of one or more instructions
contained 1n the main memory 1606. Those skilled 1n the art
will know how to prepare such instructions based on the
functions and methods described herein. Such instructions
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may be read into the main memory 1606 from another
processor-readable medium, such as storage device 1610.
Execution of the sequences of mstructions contained 1n the
main memory 1606 causes the processor 1604 to perform
the process steps described herein. One or more processors
in a multi-processing arrangement may also be employed to
execute the sequences of mnstructions contained 1n the main
memory 1606. In alternative embodiments, hard-wired cir-
cuitry may be used in place of or in combination with
soltware 1nstructions to implement the various embodiments
described herein. Thus, embodiments are not limited to any
specific combination of hardware circuitry and software.

[0239] The term “‘processor-readable medium” as used
herein refers to any medium that participates in providing,
instructions to the processor 1604 for execution. Such a
medium may take many forms, including but not limited to,
non-volatile media, volatile media, and transmission media.
Non-volatile media includes, for example, optical, solid
state or magnetic disks, such as the storage device 1610. A
non-volatile medium may be considered an example of
non-transitory medium. Volatile media includes dynamic
memory, such as the main memory 1606. A volatile medium
may be considered an example of non-transitory medium.
Transmission media includes coaxial cables, copper wire
and fiber optics, including the wires that comprise the bus
1602. Transmission media can also take the form of acoustic
or light waves, such as those generated during radio wave
and infrared data communications.

[0240] Common forms of processor-readable media
include, for example, a flexible disk, hard disk, magnetic
tape, or any other magnetic medium, a CD-ROM, any other
optical medium, any other physical medium with patterns of
holes, a RAM, a PROM, and EPROM, a FLASH-EPROM,
solid state disks any other memory chip or cartridge, a
carrier wave as described hereinafter, or any other medium
from which a processor can read.

[0241] Various forms of processor-readable media may be
involved 1n carrying one or more sequences ol one or more
instructions to the processor 1604 for execution. For
example, the instructions may itially be carried on a
magnetic disk or solid state disk of a remote computer. The
remote computer can load the mnstructions 1nto its dynamic
memory and send the instructions over a network, such as
the Internet. The processing system 1600 can receive the
data on a network line. The bus 1602 carries the data to the
main memory 1606, from which the processor 1604
retrieves and executes the instructions. The instructions
received by the main memory 1606 may optionally be stored
on the storage device 1610 either before or after execution
by the processor 1604.

[0242] The processing system 1600 also imcludes a com-
munication nterface 1618 coupled to the bus 1602. The
communication nterface 1618 provides a two-way data
communication coupling to a network link 1620 that is
connected to a local network 1622. For example, the com-
munication interface 1618 may be a local area network
(LAN) card to provide a data commumnication connection to
a compatible LAN. Wireless links may also be implemented.
In any such implementation, the communication interface
1618 sends and receives electrical, electromagnetic or opti-
cal signals that carry data streams representing various types
of information.

[0243] The network link 1620 typically provides data
communication through one or more networks to other
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devices. For example, the network link 1620 may provide a
connection through local network 1622 to a host computer
1624 or to equipment 1626. The data streams transported
over the network link 1620 can comprise electrical, electro-
magnetic or optical signals. The signals through the various
networks and the signals on the network link 1620 and
through the communication iterface 1618, which carry data
to and from the processing system 1600, are exemplary
forms of carrier waves transporting the information. The
processing system 1600 can send messages and receive data,
including program code, through the network(s), the net-
work link 1620, and the communication interface 1618.

[0244] It should be noted that the term “image”, as used 1n
this specification, may refer to image that i1s displayed,
and/or 1mage that 1s not 1 displayed form (e.g., 1image that
1s stored 1n a medium, or that 1s being processed).

[0245] Various exemplary embodiments are described
herein. Reference 1s made to these examples 1 a non-
limiting sense. They are provided to illustrate more broadly
applicable aspects of the claimed 1nvention. Various changes
may be made to the embodiments described and equivalents
may be substituted without departing from the true spirit and
scope of the claimed invention. In addition, many modifi-
cations may be made to adapt a particular situation, material,
composition of matter, process, process act(s) or step(s) to
the objective(s), spirit or scope of the present invention.
Further, as will be appreciated by those with skill in the art
that each of the individual variations described and illus-
trated herein has discrete components and features which
may be readily separated from or combined with the features
of any of the other several embodiments without departing
from the scope or spirit of the claimed inventions. All such
modifications are intended to be within the scope of claims
associated with this disclosure.

[0246] The embodiments described herein include meth-
ods that may be performed using the subject devices. The
methods may comprise the act of providing such a suitable
device. Such provision may be performed by the end user. In
other words, the “providing” act merely requires the end
user obtain, access, approach, position, set-up, activate,
power-up or otherwise act to provide the requisite device 1n
the subject method. Methods recited herein may be carried
out 1n any order of the recited events which i1s logically
possible, as well as 1n the recited order of events.

[0247] Without the use of such exclusive terminology, the
term “comprising’ in claims associated with this disclosure
shall allow for the inclusion of any additional element-
irrespective of whether a given number of elements are
enumerated 1n such claims, or the addition of a feature could
be regarded as transforming the nature of an element set
forth 1n such claims. Except as specifically defined herein,
all technmical and scientific terms used herein are to be given
as broad a commonly understood meaning as possible while
maintaining claim validity.

[0248] Exemplary aspects of the disclosure, together with
details regarding maternial selection and manufacture have
been set forth above. As for other details of the present
disclosure, these may be appreciated 1n connection with the
above-referenced patents and publications as well as gener-
ally known or appreciated by those with skill in the art. The
same may hold true with respect to method-based aspects of
the disclosure 1n terms of additional acts as commonly or
logically employed.
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[0249] In addition, though the disclosure has been
described in reference to several examples optionally incor-
porating various Ifeatures, the disclosure 1s not to be limited
to that which 1s described or indicated as contemplated with
respect to each vanation of the disclosure. Various changes
may be made to the disclosure described and equivalents
(whether recited herein or not included for the sake of some
brevity) may be substituted without departing from the true
spirit and scope of the disclosure. In addition, where a range
of values 1s provided, it 1s understood that every intervening
value, between the upper and lower limit of that range and
any other stated or intervening value 1n that stated range, 1s
encompassed within the disclosure.

[0250] Also, 1t 1s contemplated that any optional feature of
the mventive varnations described may be set forth and
claimed independently, or in combination with any one or
more of the features described herein. Reference to a sin-
gular 1item, includes the possibility that there are plural of the
same 1tems present. More specifically, as used herein and 1n
claims associated hereto, the singular forms “a,” “an,”
“said,” and “the” include plural referents unless the specifi-
cally stated otherwise. It 1s further noted that any claim may
be drafted to exclude any optional element. As such, this
statement 1s intended to serve as antecedent basis for use of
such exclusive terminology as “solely,” “only” and the like
in connection with the recitation of claim elements, or use of
a “negative” limitation.

[0251] In addition, as used herein, a phrase referring to “at
least one of” a list of items refers to one item or any
combination of 1items. As an example, “at least one of: A, B,
or C” 1s intended to cover: A, B, C, Aand B, A and C, B and
C, and A, B, and C. Conjunctive language such as the phrase
“at least one of X, Y and Z,” unless specifically stated
otherwise, 1s otherwise understood with the context as used
in general to convey that an item, term, etc. may be at least
one of X, Y or Z. Thus, such conjunctive language 1s not
generally intended to mmply that certain embodiments
require at least one of X, at least one of Y and at least one
of Z to each be present.

[0252] The breadth of the present disclosure 1s not to be
limited to the examples provided and/or the subject speci-
fication, but rather only by the scope of claim language
associated with this disclosure.

[0253] In the foregoing specification, the disclosure has
been described with reference to specific embodiments
thereot. It will, however, be evident that various modifica-
tions and changes may be made thereto without departing
from the broader spinit and scope of the disclosure. For
example, the above-described process flows are described
with reference to a particular ordering of process actions.
However, the ordering of many of the described process
actions may be changed without aflecting the scope or
operation of the disclosure. The specification and drawings
are, accordingly, to be regarded 1n an illustrative rather than
restrictive sense.

1. An apparatus configured to be head-worn by a user,
comprising;
a transparent screen configured to allow the user to see

therethrough;

a sensor system configured to sense a characteristic of a
physical object 1n an environment 1n which the user 1s
located; and
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a processing unit coupled to the sensor system, the
processing unit configured to:

cause the screen to display a user-controllable object,
and

cause the screen to display an 1mage of a feature that 1s
resulted from a virtual interaction between the user-
controllable object and the physical object, so that
the feature will appear to be a part of the physical
object 1n the environment or appear to be emanating,
from the physical object.

2. The apparatus of claim 1, wherein the 1mage of the
feature comprises an 1image of a burnt mark for the physical
object.

3. The apparatus of claim 1, wherein the image of the
feature comprises an 1mage of an explosion for the physical
object.

4. The apparatus of claim 1, wherein the image of the
feature comprises an 1mage of a destroyed structure for the
physical object.

5. The apparatus of claim 1, wherein the image of the
feature comprises an image of smoke for the physical object.

6. The apparatus of claim 1, wherein the processing unit
1s configured to cause the screen to display a transformation
of the feature so that the feature disappears over time.

7. The apparatus of claim 1, wherein the processing unit
1s configured to cause the screen to display the image of the
feature as a permanent overlay over the physical object.

8. The apparatus of claim 1, wherein the processing unit
1s configured to change a configuration of the image of the
feature based on a viewing orientation of the user.

9. The apparatus of claim 1, wherein the virtual interac-
tion between the user-controllable object and the physical
object comprises a direction interaction or an indirect inter-
action.

10. The apparatus of claim 1, wherein the image of the
feature comprises a heat visualization.

11. The apparatus of claim 10, wherein a configuration of
the heat visualization 1s variable depending on a virtual
distance between a reference position associated with the
user-controllable object and the physical object.

12. The apparatus of claim 10, wherein the heat visual-
ization has a first configuration when a virtual distance
between a reference position associated with the user-con-
trollable object and the physical object has a first value; and

wherein the heat visualization has a second figuration

when the virtual distance between the reference posi-
tion associated with the user-controllable object and the
physical object has a second value that 1s different from
the first value.

12. The apparatus of claim 10, wherein the heat visual-
ization has a first configuration when a virtual distance
between the reference position associated with the user-
controllable object and the physical object 1s less than a first
threshold.

13. The apparatus of claim 12, wherein the heat visual-
ization has a second configuration that 1s different from the
first configuration when the virtual distance between the
reference position associated with the user-controllable
object and the physical object 1s less than a second threshold,
wherein the second threshold 1s less than the first threshold.

14. The apparatus of claim 13, wherein the first configu-
ration of the heat visualization comprises a first burnt mark,
and the second configuration of the heat visualization com-
prises a second burnt mark that 1s more severe than the first
burnt mark.




US 2024/0046903 Al

15. The apparatus of claim 13, wherein the first configu-
ration of the heat visualization comprises a burnt mark, and
the second configuration of the heat visualization comprises
an 1mage of fire, an 1image of a destroyed structure, or an
image of an explosion.

16. The apparatus of claim 1, wherein the sensor system
comprises a depth sensor configured to provide a sensor
output; and

wherein the processing unit 1s configured to determine a

position of the physical object based on the sensor
output.

17. The apparatus of claim 1, wherein the sensor system
comprises a camera configured to provide an 1mage of the
environment; and

wherein the processing unit 1s configured to identify the

physical object 1n the image.

18. The apparatus of claim 1, wherein the user-control-
lable object comprises an 1mage of a vehicle.
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19. The apparatus of claim 1, wherein the user-control-
lable object comprises an 1mage of a thrust.

20. The apparatus of claim 1, wherein the user-control-
lable object comprises an 1mage of a vehicle, and wherein

the processing unit 1s also configured to receive a user iput,
and to cause the screen to display a thrust visualization 1n
association with the image of the vehicle 1n response to the
user mput.

21. The apparatus of claim 20, wherein the processing unit
1s configured to cause the screen to display a change 1n the
thrust visualization 1n response to a change 1n the user input.

22. The apparatus of claim 1, wherein the processing unit
1s configured to recerve a user input, and to adjust a position
of the user-controllable object being displayed on the screen
based on the user 1nput.
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