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(57) ABSTRACT 
Ahead-mounted display includes a see-through display and a 
virtual reality engine. The see-through display is configured 
to visually augment an appearance of a physical space to a 
user viewing the physical space through the see-through dis 
play. The virtual reality engine is configured to cause the 
see-through display to visually present a virtual monitor that 
appears to be integrated with the physical space to a user 
viewing the physical space through the see-through display. 
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AUGMENTED REALITY VIRTUAL MONITOR 

BACKGROUND 

0001 Televisions, computer displays, movie screens, and 
other video monitors provide visual information to users. A 
conventional video monitor is limited by a variety of different 
physical constraints, such as the physical size of the monitor 
and the physical locations at which the monitor may be posi 
tioned. 

SUMMARY 

0002 Ahead-mounted display includes a see-through dis 
play and a virtual reality engine. The see-through display is 
configured to visually augment an appearance of a physical 
space to a user viewing the physical space through the see 
through display. The virtual reality engine is configured to 
cause the see-through display to visually present a virtual 
monitor that appears to be integrated with the physical space 
to a user viewing the physical space through the see-through 
display. 
0003. This Summary is provided to introduce a selection 
of concepts in a simplified form that are further described 
below in the Detailed Description. This Summary is not 
intended to identify key features or essential features of the 
claimed subject matter, nor is it intended to be used to limit 
the scope of the claimed subject matter. Furthermore, the 
claimed Subject matter is not limited to implementations that 
Solve any or all disadvantages noted in any part of this dis 
closure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0004 FIG. 1 shows an example head-mounted display in 
accordance with an embodiment of the present disclosure. 
0005 FIG. 2A shows a top view of a user wearing a head 
mounted display in a physical space. 
0006 FIG. 2B shows an unaltered first-person perspective 
of the user of FIG. 2A. 
0007 FIG. 2C shows a first-person perspective of the user 
of FIG. 2A while the head-mounted display augments reality 
to visually present virtual monitors. 
0008 FIG. 3 is an example method of augmenting reality 
in accordance with an embodiment of the present disclosure. 
0009 FIG. 4 is an example computing system in accor 
dance with an embodiment of the present disclosure. 

DETAILED DESCRIPTION 

0010 FIG. 1 shows a nonlimiting example of a head 
mounted display 100 including a see-through display 102. 
See-through display 102 is at least partially transparent, thus 
allowing light to pass through the see-through display to the 
eyes of a user. Furthermore, the see-through display is con 
figured to visually augment an appearance of a physical space 
to a user viewing the physical space through the see-through 
display. For example, the see-through display may display 
virtual objects that the user can see when the user looks 
through the see-through display. As such, the user is able to 
view the virtual objects that do not exist within the physical 
space at the same time that the user views the physical space. 
This creates the illusion that the virtual objects are part of the 
physical space. 
0011 Head-mounted display 100 also includes a virtual 
reality engine 104. The virtual reality engine 104 is config 
ured to cause the see-through display to visually present a 
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virtual object in the form of a virtual monitor. The virtual 
monitor can simulate the appearance of a real world televi 
Sion, computer display, movie screen, and/or other monitor. 
To a user viewing the physical space through the see-through 
display, the virtual monitor appears to be integrated with the 
physical space. In this way, the user is able to view a monitor 
that is not actually present in the physical space. Virtual 
reality engine may include Software, hardware, firmware, or 
any combination thereof. 
0012 FIG. 2A schematically shows a top view of user 200 
wearing head-mounted display 100 within a physical space 
202. Lines 204a and 204bindicate the field of view of the user 
through the see-through display of the head-mounted display. 
FIG. 2A also shows the real world objects 206a, 206b. 206c. 
and 206d within physical space 202 that are in the field of 
view of the user 200. 
0013 FIG. 2B shows a first-person perspective of the user 
200 viewing real world objects 206a, 206b, 206c, and 206d 
through the head-mounted display. In FIG. 2B, the virtual 
reality engine of the head-mounted display is not visually 
presenting virtual objects. As such, the user is only able to see 
the real world objects. The user sees such real world objects 
because light reflecting from the real world objects is able to 
pass through the see-through display to the eyes of the user. 
0014 FIG. 2C shows the same first-person perspective of 
the user 200 but with the virtual reality engine visually pre 
senting virtual objects. In particular, the virtual reality engine 
is visually presenting a virtual monitor 208a, a virtual moni 
tor 208b, and virtual monitor 208c. From the perspective of 
the user, the virtual monitors appear to be integrated with the 
physical space 202. 
(0015. In particular, FIG. 2C shows virtual monitor 208a 
rendered to appear as if the virtual monitor is mounted to a 
wall 210—a typical mounting option for conventional televi 
sions. Virtual monitor 208b is rendered to appear as if the 
virtual monitor is resting on table surface 212—a typical 
usage for conventional tablet computing devices. Virtual 
monitor 208c is rendered to appear as if floating in free 
space—an arrangement that is not easily achieved with con 
ventional monitors. 

0016 Virtual monitor 208a, virtual monitor 208b, and 
virtual monitor 208c are provided as nonlimiting examples. A 
virtual monitor may be rendered to have virtually any appear 
ance without departing from the scope of this disclosure. 
0017. As one example, a virtual monitor may be playing a 
Video stream of moving or static images. A video stream of 
moving images may be played at a relatively high frame rate 
So as to create the illusion of live action. As a nonlimiting 
example, a video stream of a television program may be 
played at thirty frames per second. A video stream of static 
images may present the same image on the virtual monitor for 
a relatively longer period of time. As a nonlimiting example, 
a video stream of a photo slideshow may only change images 
every five seconds. It is to be understood that virtually any 
frame rate may be used without departing from the scope of 
this disclosure. 
0018. As another example, a virtual monitor may be 
opaque (e.g., virtual monitor 208a and virtual monitor 208b) 
or partially transparent (e.g., virtual monitor 208c). An 
opaque virtual monitor may be rendered so as to occlude real 
world objects that appear to be behind the virtual monitor. A 
partially transparent virtual monitor may be rendered so that 
real world objects or other virtual objects can be viewed 
through the virtual monitor. 
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0019. As another example, a virtual monitor may be fra 
meless (e.g., virtual monitor 208c) or framed (e.g., virtual 
monitor 208a and virtual monitor 208b). A frameless virtual 
monitor may be rendered with an edge-to-edge Screenportion 
that can play a video stream without any other structure 
rendered around the screen portion. In contrast, a framed 
virtual monitor may be rendered to include a frame around the 
screen. Such a frame may be rendered so as to resemble the 
appearance of a conventional television frame, computer dis 
play frame, movie screen frame, or the like. 
0020. Both frameless and framed virtual monitors may be 
rendered without any depth. For example, when viewed from 
an angle, a depthless virtual monitor will not appear to have 
any structure behind the Surface of the screen (e.g., virtual 
monitor 208c). Furthermore, both frameless and framed vir 
tual monitors may be rendered with a depth, such that when 
viewed from an angle the virtual monitor will appear to 
occupy space behind the Surface of the screen (virtual monitor 
208b). 
0021. As another example, a virtual monitor may include 
a rectangular or nonrectangular screen. Furthermore, the 
screen may be planar or non-planar. In some embodiments, 
the screen of a virtual monitor may be shaped to match the 
planar or non-planar shape of a real world object in a physical 
space (e.g., virtual monitor 208a and virtual monitor 208b) or 
to match the planar or non-planar shape of another virtual 
object. Even when a planar screen is rendered, the video 
stream rendered on the planar Screen may be configured to 
display three-dimensional virtual objects (e.g., to create the 
illusion of watching a three-dimension television). Three 
dimensional virtual objects may be accomplished via simu 
lated Stereoscopic 3D content—e.g. watching 3D content 
from a 3D recording so that content appears in 2D and on the 
plane of the display, but the user's left and right eyes see 
slightly different views of the video, producing a 3D effect. In 
Some implementations, playback of content may cause Vir 
tual 3D objects to actually leave the plane of the display. For 
example, a movie where the menus actually pop out of the TV 
into the user's living room. Further, a frameless virtual moni 
tor may be used to visually present three-dimensional virtual 
objects from the video stream, thus creating the illusion that 
the contents of the video stream are playing out in the physical 
space environment. 
0022. As another example, the virtual monitor may be 
rendered in a stationary location relative to real world objects 
in the physical space, or the virtual monitor may be rendered 
So as to move relative to real world objects. A stationary 
virtual monitor may appear to be fixed to a wall, table, or other 
Surface, for example. A stationary virtual monitor may also 
appear to be floating apart from any real world objects. 
0023. A moving virtual monitor may appear to move in a 
constrained or unconstrained fashion. For example, a virtual 
monitor may be constrained to a physical wall, but the virtual 
monitor may move along the wall as a user walks by the wall. 
As another example, a virtual monitor may be constrained to 
a moving object. As yet another example, a virtual monitor 
may not be constrained to any physical objects and may 
appear to float directly in front of a user regardless of where 
the user looks. 

0024. A virtual monitor may be either a private virtual 
monitor or a public virtual monitor. A private virtual monitor 
is rendered on only one see-through display so only the user 
viewing the physical space through the see-through display 
sees the virtual monitor. A public virtual monitor may be 
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concurrently rendered on one or more other devices, includ 
ing other see-through displays, so that other people may view 
a clone of the virtual monitor. 
0025. In some embodiments, the virtual reality engine 
may be configured to map a virtual coordinate system to the 
physical space Such that the virtual monitor appears to be at a 
particular physical-space location. Furthermore, the virtual 
coordinate system may be a shared coordinate system useable 
by one or more other head-mounted displays. In Such a case, 
each separate head-mounted display may recognize the same 
physical space location where the virtual monitor is to appear. 
Each head-mounted display may then render the virtual 
monitor at that physical space location so that two or more 
users viewing the physical space location through different 
see-through displays will see the same virtual monitor in the 
same place and with the same orientation. In other words, the 
particular physical-space location at which one head 
mounted display renders a virtual object will be the same 
physical-space location that another head-mounted display 
renders the virtual monitor. 
0026 Turning back to FIG. 1, head-mounted display 100 
may optionally include one or more speakers 106—e.g., two 
speakers to enable stereo sound effects such as positional 
audio hints. In other embodiments, the head-mounted display 
may be communicatively coupled to an off-board speaker. In 
either case, the virtual reality engine may be configured to 
cause Such a speaker to play an audio stream that is synced to 
a video stream played by a virtual monitor. For example, 
while virtual monitor 208a of FIG.2C plays a video stream in 
the form of a television program, a speaker may play an audio 
stream that constitutes the audio component of the television 
program. 
0027. The volume of an audio stream may be modulated in 
accordance with a variety of different parameters. As one 
example, the rendering engine may be configured to modulate 
a Volume of the audio stream inversely proportional to a 
distance between the see-through display and a physical 
space location at which the virtual monitor appears to be 
located to a user viewing the physical space through the 
see-through display. In other words, Sound can be localized so 
that as a user gets closer to the virtual monitor, the Volume of 
the virtual monitor will increase. As another example, the 
rendering engine may be configured to modulate a Volume of 
the audio stream in proportion to a directness that the see 
through display is viewing a physical-space location at which 
the virtual monitor appears to be located to the user viewing 
the physical space through the see-through display. In other 
words, the Volume increases as the user more directly looks at 
the virtual monitor. 

0028. When two or more virtual monitors are mapped to 
positions near a user, the respective audio streams associated 
with the virtual monitors may be mixed together or played 
independently. When mixed together, the relative contribu 
tion of any particular audio stream may be weighted based on 
a variety of different parameters, such as proximity or direct 
ness of view. For example, the closer a user is to a particular 
virtual monitor and/or the more directly the user looks at the 
virtual monitor, the louder the volume associated with that 
virtual monitor will be played. 
0029 When played independently, an audio stream asso 
ciated with a particular virtual monitor may be played instead 
of the audio stream(s) associated with other virtual monitor(s) 
based on a variety of different parameters, such as proximity 
and/or directness of view. For example, as a user looks around 
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a physical place in which several virtual monitors are ren 
dered, only the audio stream associated with the virtual moni 
tor that is most directly in the user's field of vision may be 
played. As discussed below, eye tracking may be used to more 
accurately assess where a user's focus is directed, and Such 
focus may serve as a parameter for modulating Volume. 
0030 Turning briefly to FIG.1, head-mounted display 100 
includes a sensor subsystem 108. The sensor subsystem may 
include a variety of different sensors in different embodi 
ments. As nonlimiting examples, a sensor Subsystem may 
include a microphone 110, one or more forward-facing (away 
from user) infrared and/or visible light cameras 112, one or 
more rearward-facing (towards user) infrared and/or visible 
light cameras 114. The forward-facing camera(s) may 
include one or more depth cameras, and/or the rearward 
facing cameras may include one or more eye-tracking cam 
eras. In some embodiments, an onboard sensor Subsystem 
may communicate with one or more off-board sensors that 
send observation information to the onboard sensor sub 
system. For example, a depth camera used by a gaming con 
sole may send depth maps and/or modeled virtual skeletons to 
the sensor Subsystem of the head-mounted display. 
0031. The virtual reality engine may be configured to con 

trol a virtual monitor responsive to commands recognized via 
the sensor Subsystem. As nonlimiting examples, commands 
recognized via the sensor Subsystem may be used to control 
virtual monitor creation, virtual monitor positioning (e.g., 
where and how large virtual monitors appear); playback con 
trols (e.g., which content is visually presented, fast forward, 
rewind, pause, etc.); Volume of audio associated with virtual 
monitor; privacy settings (e.g., who is allowed to see clone 
virtual monitors; what such people are allowed to see); Screen 
capture, sending, printing, and saving; and/or virtually any 
other aspect of a virtual monitor. 
0032. As introduced above, a sensor subsystem may 
include or be configured to communicate with one or more 
different types of sensors, and each different type of sensor 
may be used to recognize commands for controlling a virtual 
monitor. As nonlimiting examples, the virtual reality engine 
may be configured to control the virtual monitor responsive to 
audible commands recognized via a microphone, hand ges 
ture commands recognized via a camera, and/or eye gesture 
commands recognized via a camera. 
0033. The types of commands and the way that such com 
mands control the virtual monitors may vary without depart 
ing from the scope of this disclosure. To create a virtual 
monitor, for instance, a forward-facing camera may recog 
nize a user framing a scene with an imaginary rectangle 
between a left hand in the shape of an Land a right hand in the 
shape of an L. When this painter's gesture with the L-shaped 
hands is made, a location and size of a new virtual monitor 
may be established by projecting a rectangle from the eyes of 
the user to the rectangle established by the painter's gesture, 
and on to a wall behind the painters gesture. 
0034. As another example, the location and size of a new 
virtual monitor may be established by recognizing a user 
tapping a Surface to establish the corners of a virtual monitor. 
As yet another example, a user may speak the command “new 
monitor, and a virtual monitor may be rendered on a Surface 
towards which eye-tracking cameras determine a user is look 
ing. 
0035. Once a virtual monitor is rendered and playing a 
Video stream, a user may speak commands such as “pause.” 
“fast forward.” “change channel.” etc. to control the video 
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stream. As another example, the user may make a stop-sign 
hand gesture to pause playback, Swipe a hand from left to 
right to fast forward, or twist an outstretched hand to change 
a channel. As yet another example, a user may speak “split' or 
make a karate chop gesture to split a single virtual monitor 
into two virtual monitors that may be moved to different 
physical space locations. 
0036 Returning briefly to FIG. 1, head-mounted display 
100 may include one or more features that allow the head 
mounted display to be worn on a user's head. In the illustrated 
example, head-mounted display 100 takes the form of eye 
glasses and includes a nose rest 116 and ear rests 118a and 
118b. In other embodiments, a head-mounted display may 
include a hat or helmet with an in-front-of-the-face see 
through visor. Furthermore, while described in the context of 
a head-mounted see-through display, the concepts described 
herein may be applied to see-through displays that are not 
head mounted (e.g., a windshield) and to displays that are not 
see-through (e.g., an opaque display that renders real objects 
observed by a camera with virtual objects not within the 
camera's field of view). 
0037 Head-mounted display 100 may also include a com 
munication subsystem 120. Communication subsystem 120 
may be configured to communicate with one or more off 
board computing devices. As an example, the communication 
Subsystem may be configured to wirelessly receive a video 
stream, audio stream, coordinate information, virtual object 
descriptions, and/or other information to render a virtual 
monitor. 
0038 FIG. 3 shows an example method 300 of augment 
ing reality. At 302, method 300 includes receiving observa 
tion information of a physical space from a sensor Subsystem. 
The observation information may include any information 
describing the physical space. As nonlimiting examples, 
images from one or more cameras and/or audio information 
from one or more microphones may be received. The infor 
mation may be received from sensors that are part of a head 
mounted display and/or off-board sensors that are not part of 
a head-mounted display. The information may be received at 
a head-mounted display or at an off-board device that com 
municates with a head-mounted display. 
0039. At 304 method 300 includes mapping a virtual real 
ity environment to the physical space based on the observa 
tion information, wherein the virtual reality environment 
includes a virtual monitor visually presenting a video stream. 
Such mapping may be performed by a virtual reality engine 
that is part of a head-mounted display or an off-board device 
that communicates with a head-mounted display. 
0040. At 306, method 300 includes sending augmented 
reality display information to a see-through display. The aug 
mented reality display information is configured to cause the 
see-through display to display the virtual reality environment 
mapped to the physical space so that a user viewing the 
physical space through the see-through display sees the Vir 
tual monitor integrated with the physical space. The aug 
mented reality display information may be sent to the see 
through display from a virtual reality engine that is part of a 
head-mounted display or an off-board device that communi 
cates with a head-mounted display. 
0041. In some embodiments, the above described aug 
mented reality techniques may be tied to a computing system 
that is integrated into a head-mounted display and/or a com 
puting system that is configured to communicate with a head 
mounted display. In particular, the methods and processes 
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described herein may be implemented as a computer appli 
cation, computer service, computer API, computer library, 
and/or other computer program product. 
0042 FIG. 4 schematically shows a nonlimiting comput 
ing system 400 that may perform one or more of the above 
described methods and processes. Computing system 400 is 
shown in simplified form. It is to be understood that virtually 
any computer architecture may be used without departing 
from the scope of this disclosure. In different embodiments, 
computing system 400 may take the form of an onboard 
head-mounted display computer, mainframe computer, 
server computer, desktop computer, laptop computer, tablet 
computer, home entertainment computer, network computing 
device, mobile computing device, mobile communication 
device, gaming device, etc. 
0043 Computing system 400 includes a logic subsystem 
402 and a data-holding Subsystem 404. Computing system 
400 may optionally include a display subsystem 406, audio 
subsystem 408, sensor subsystem 410, communication sub 
system 412, and/or other components not shown in FIG. 4. 
0044 Logic subsystem 402 may include one or more 
physical devices configured to execute one or more instruc 
tions. For example, the logic Subsystem may be configured to 
execute one or more instructions that are part of one or more 
applications, services, programs, routines, libraries, objects, 
components, data structures, or other logical constructs. Such 
instructions may be implemented to perform a task, imple 
ment a data type, transform the state of one or more devices, 
or otherwise arrive at a desired result. 
0045. The logic subsystem may include one or more pro 
cessors that are configured to execute software instructions. 
Additionally or alternatively, the logic Subsystem may 
include one or more hardware or firmware logic machines 
configured to execute hardware or firmware instructions. Pro 
cessors of the logic Subsystem may be single core or multi 
core, and the programs executed thereon may be configured 
for parallel or distributed processing. The logic Subsystem 
may optionally include individual components that are dis 
tributed throughout two or more devices, which may be 
remotely located and/or configured for coordinated process 
ing. One or more aspects of the logic Subsystem may be 
virtualized and executed by remotely accessible networked 
computing devices configured in a cloud computing configu 
ration. 
0046 Data-holding subsystem 404 may include one or 
more physical, non-transitory, devices configured to hold 
data and/or instructions executable by the logic Subsystem to 
implement the herein described methods and processes. 
When Such methods and processes are implemented, the state 
of data-holding Subsystem 404 may be transformed (e.g., to 
hold different data). 
0047 Data-holding subsystem 404 may include remov 
able media and/or built-in devices. Data-holding subsystem 
404 may include optical memory devices (e.g., CD, DVD, 
HD-DVD, Blu-Ray Disc, etc.), semiconductor memory 
devices (e.g., RAM, EPROM, EEPROM, etc.) and/or mag 
netic memory devices (e.g., hard disk drive, floppy disk drive, 
tape drive, MRAM, etc.), among others. Data-holding sub 
system 404 may include devices with one or more of the 
following characteristics: Volatile, nonvolatile, dynamic, 
static, read/write, read-only, random access, sequential 
access, location addressable, file addressable, and content 
addressable. In some embodiments, logic Subsystem 402 and 
data-holding Subsystem 404 may be integrated into one or 
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more common devices, such as an application specific inte 
grated circuit or a system on a chip. 
0048 FIG. 4 also shows an aspect of the data-holding 
subsystem in the form of removable computer-readable stor 
age media 414, which may be used to store and/or transfer 
data and/or instructions executable to implement the herein 
described methods and processes. Removable computer 
readable storage media 414 may take the form of CDs, DVDs, 
HD-DVDs, Blu-Ray Discs, EEPROMs, and/or floppy disks, 
among others. 
0049. It is to be appreciated that data-holding subsystem 
404 includes one or more physical, non-transitory devices. In 
contrast, in Some embodiments aspects of the instructions 
described herein may be propagated in a transitory fashion by 
a pure signal (e.g., an electromagnetic signal, an optical sig 
nal, etc.) that is not held by a physical device for at least a 
finite duration. Furthermore, data and/or otherforms of infor 
mation pertaining to the present disclosure may be propa 
gated by a pure signal. 
0050. The terms “module.” “program, and “engine' may 
be used to describe an aspect of computing system 400 that is 
implemented to perform one or more particular functions. In 
Some cases, such a module, program, or engine may be 
instantiated via logic Subsystem 402 executing instructions 
held by data-holding subsystem 404. It is to be understood 
that different modules, programs, and/or engines may be 
instantiated from the same application, service, code block, 
object, library, routine, API, function, etc. Likewise, the same 
module, program, and/or engine may be instantiated by dif 
ferent applications, services, code blocks, objects, routines, 
APIs, functions, etc. The terms “module.” “program, and 
“engine' are meant to encompass individual or groups of 
executable files, data files, libraries, drivers, scripts, database 
records, etc. 
0051. When included, display subsystem 406 may be used 
to present a visual representation of data held by data-holding 
subsystem 404. As the herein described methods and pro 
cesses change the data held by the data-holding Subsystem, 
and thus transform the state of the data-holding Subsystem, 
the state of display subsystem 406 may likewise be trans 
formed to visually represent changes in the underlying data. 
Display subsystem 406 may include one or more display 
devices utilizing virtually any type of technology. Such dis 
play devices may be combined with logic subsystem 402 
and/or data-holding Subsystem 404 in a shared enclosure 
(e.g., a head-mounted display with onboard computing), or 
Such display devices may be peripheral display devices (a 
head-mounted display with off-board computing). 
0052. As one nonlimiting example, the display subsystem 
may include image-producing elements (e.g. see-through 
OLED displays) located within lenses of a head-mounted 
display. As another example, the display Subsystem may 
include a light modulator on an edge of a lens, and the lens 
may serve as a light guide for delivering light from the light 
modulator to an eye of a user. In either case, because the 
lenses are at least partially transparent, light may pass through 
the lenses to the eyes of a user, thus allowing the user to see 
through the lenses. 
0053 Audio subsystem 408 may include or be configured 
to utilize one or more speakers for playing audio streams 
and/or other sounds as discussed above. 
0054 The sensor subsystem may include and/or be con 
figured to communicate with a variety of different sensors. 
For example, the head-mounted display may include at least 
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one inward facing sensor and/or at least one outward facing 
sensor. The inward facing sensor may be an eye tracking 
image sensor configured to acquire image data to allow a 
viewer's eyes to be tracked. The outward facing sensor may 
detect gesture-based user inputs. For example, an outwardly 
facing sensor may include a depth camera, a visible light 
camera, or another position tracking camera. Further, Such 
outwardly facing cameras may have a stereo configuration. 
For example, the head-mounted display may include two 
depth cameras to observe the physical space in Stereo from 
two different angles of the user's perspective. In some 
embodiments, gesture-based user inputs also may be detected 
via one or more off-board cameras. 
0055. Further, an outward facing image sensor may cap 
ture images of a physical space, which may be provided as 
input to an onboard or off-board 3D modeling system. A 3D 
modeling system may be used to generate a 3D model of the 
physical space. Such 3D modeling may be used to localize a 
precise position of a head-mounted display in a physical 
space so that virtual monitors may be rendered so as to appear 
in precise locations relative to the physical space. Further 
more, 3D modeling may be used to accurately identify real 
world surfaces to which virtual monitors can be constrained. 
To facilitate Such 3D modeling, the sensor Subsystem may 
optionally include an infrared projector to assist in structured 
light and/or time of flight depth analysis. 
0056. The sensor subsystem may also include one or more 
motion sensors to detect movements of a viewer's head when 
the viewer is wearing the head-mounted display. Motion sen 
sors may output motion data for tracking viewer head motion 
and eye orientation, for example. As such, motion data may 
facilitate detection of tilts of the user's head along roll, pitch 
and/or yaw axes. Further, motion sensors may enable a posi 
tion of the head-mounted display to be determined and/or 
refined. Likewise, motion sensors may also be employed as 
user input devices, such that a user may interact with the 
head-mounted display via gestures of the neck, head, or body. 
Non-limiting examples of motion sensors include an accel 
erometer, a gyroscope, a compass, and an orientation sensor. 
Further, the HMD device may be configured with global 
positioning system (GPS) capabilities. 
0057 The sensor subsystem may also include one or more 
microphones to allow the use of Voice commands as user 
inputs. 
0058 When included, communication subsystem 412 
may be configured to communicatively couple computing 
system 400 with one or more other computing devices. Com 
munication Subsystem 412 may include wired and/or wireless 
communication devices compatible with one or more differ 
ent communication protocols. As nonlimiting examples, the 
communication Subsystem may be configured for communi 
cation via a wireless telephone network, a wireless local area 
network, a wired local area network, a wireless wide area 
network, a wired wide area network, etc. In some embodi 
ments, the communication Subsystem may allow computing 
system 400 to send and/or receive messages to and/or from 
other devices via a network such as the Internet. 

0059. It is to be understood that the configurations and/or 
approaches described hereinare exemplary in nature, and that 
these specific embodiments or examples are not to be consid 
ered in a limiting sense, because numerous variations are 
possible. The specific routines or methods described herein 
may represent one or more of any number of processing 
strategies. As such, various acts illustrated may be performed 
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in the sequence illustrated, in other sequences, in parallel, or 
in some cases omitted. Likewise, the order of the above 
described processes may be changed. 
0060. The subject matter of the present disclosure includes 
all novel and nonobvious combinations and Subcombinations 
of the various processes, systems and configurations, and 
other features, functions, acts, and/or properties disclosed 
herein, as well as any and all equivalents thereof. 

1. A head-mounted display, comprising: 
a see-through display configured to visually augment an 

appearance of a physical space to a user viewing the 
physical space through the see-through display; and 

a virtual reality engine configured to cause the see-through 
display to visually present a virtual monitor that appears 
to be integrated with the physical space to a user viewing 
the physical space through the see-through display. 

2. The head-mounted display of claim 1, where the virtual 
reality engine is further configured to play a video stream on 
the virtual monitor. 

3. The head-mounted display of claim 2, further compris 
ing a speaker, and where the virtual reality engine is further 
configured to cause the speaker to play an audio stream 
synced to the video stream. 

4. The head-mounted display of claim 3, where the virtual 
reality engine is further configured to modulate a Volume of 
the audio stream inversely proportional to a distance between 
the see-through display and a physical-space location at 
which the virtual monitor appears to be located to the user 
viewing the physical space through the see-through display. 

5. The head-mounted display of claim 3, where the virtual 
reality engine is further configured to modulate a Volume of 
the audio stream in proportion to a directness that the see 
through display is viewing a physical-space location at which 
the virtual monitor appears to be located to the user viewing 
the physical space through the see-through display. 

6. The head-mounted display of claim 2, further compris 
ing a communication Subsystem configured to wirelessly 
receive the video stream. 

7. The head-mounted display of claim 1, where the virtual 
reality engine is further configured to map a virtual coordi 
nate system to the physical space Such that the virtual monitor 
appears to be at a particular physical-space location. 

8. The head-mounted display of claim 7, where the virtual 
monitor is a stationary virtual monitor. 

9. The head-mounted display of claim 7, where the virtual 
monitor is a moving virtual monitor. 

10. The head-mounted display of claim 7, where the virtual 
coordinate system is a shared coordinate system, and where 
the particular physical-space location is a same physical 
space location that anotherhead-mounted display mapping to 
the shared coordinate system displays the virtual monitor. 

11. The head-mounted display of claim 1, where the virtual 
monitor is a public virtual monitor. 

12. The head-mounted display of claim 1, where the virtual 
monitor is a private virtual monitor. 

13. The head-mounted display of claim 1, further compris 
ing a sensor Subsystem, where the virtual reality engine is 
configured to control the virtual monitor responsive to com 
mands recognized via the sensor Subsystem. 

14. The head-mounted display of claim 13, where the sen 
sor Subsystem includes a microphone, and where the virtual 
reality engine is configured to control the virtual monitor 
responsive to audible commands recognized via the micro 
phone. 

Meta Platforms, Inc. 
Exhibit 1028 

Page 009



US 2013/01.41421 A1 

15. The head-mounted display of claim 13, where the sen 
sor Subsystem includes a camera, and where the virtual reality 
engine is configured to control the virtual monitor responsive 
to hand gesture commands recognized via the camera. 

16. The head-mounted display of claim 13, where the sen 
sor Subsystem includes a camera, and where the virtual reality 
engine is configured to control the virtual monitor responsive 
to eye gesture commands recognized via the camera. 

17. The head-mounted display of claim 1, where the virtual 
monitor displays three-dimensional virtual objects. 

18. A method of augmenting reality, the method compris 
ing: 

receiving observation information of a physical space from 
a sensor Subsystem; 

mapping a virtual reality environment to the physical space 
based on the observation information, the virtual reality 
environment including a virtual monitor visually pre 
senting a video stream; and 

sending augmented reality display information to a see 
through display, the augmented reality display informa 
tion configured to cause the see-through display to dis 
play the virtual reality environment mapped to the 
physical space so that a user viewing the physical space 
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through the see-through display sees the virtual monitor 
integrated with the physical space. 

19. The method of claim 18, further comprising sending 
augmented reality audio information to a speaker, the aug 
mented reality audio information configured to cause the 
speaker to play an audio stream synced to the video stream. 

20. A data-holding Subsystem holding instructions execut 
able by a logic Subsystem to: 

receive observation information of a physical space from a 
sensor Subsystem; 

map a virtual reality environment to the physical space 
based on the observation information, the virtual reality 
environment including a virtual monitor visually pre 
senting dynamic display information; and 

send augmented reality display information to a see 
through display, the augmented reality display informa 
tion configured to cause the see-through display to dis 
play the virtual reality environment mapped to the 
physical space so that a user viewing the physical space 
through the see-through display sees the virtual monitor 
integrated with the physical space. 
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