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THEME-BASED AUGMENTATION OF 
PHOTOREPRESENTATIVE VIEW 

BACKGROUND 

[0001] Virtual reality systems exist for simulating virtual 
environments Within Which a user may be immersed. Dis 
plays such as head-up displays, head-mounted displays, etc. 
may be utiliZed to display the virtual environment. It may be 
desirable to provide a user With a virtual reality experience 
Wherein the user is not fully immersed, but rather remains 
someWhat connected to the real environment. Thus, aug 
mented reality systems are being developed to augment the 
user’s perception of a real-World environment With graphics, 
sounds, etc. As an example, augmented reality systems may 
be used to provide cockpit simulation environments integrat 
ing real objects With virtual imagery for pilot training and 
simulations. Existing augmented reality technologies typi 
cally rely on predetermined data, such as a precon?gured 
model of the simulation environment, etc. so that virtual 
elements may be integrated appropriately. 

SUMMARY 

[0002] According to one aspect of this disclosure, a user’s 
vieW of their environment is augmented according to a user 
selected theme. In particular, a display provides the user With 
a photorepresentative vieW of the user’s environment, from 
the user’s vantage point. The display also displays augmen 
tation(s) associated With a user-selected theme, so as to aug 
ment the vieW. The display of such augmentation(s) is based 
on a spatial model of the physical environment that is gener 
ated and analyZed in real time to identify features Which may 
be augmented. Such identi?ed features correspond to physi 
cal features in the physical environment. 
[0003] This Summary is provided to introduce a selection 
of concepts in a simpli?ed 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. 1A shoWs an example use environment in 
accordance With an embodiment of the present disclosure. 
[0005] FIG. 1B shoWs another example use environment in 
accordance With an embodiment of the present disclosure. 
[0006] FIG. 2 shoWs an example method of providing 
theme-based augmenting of a photorepresentative vieW in 
accordance With an embodiment of the present disclosure. 
[0007] FIG. 3 shoWs an example schematic depiction of 
forming a spatial model in accordance With an embodiment of 
the present disclosure. 
[0008] FIG. 4 shoWs an example theme-based augmenta 
tion in accordance With an embodiment of the present disclo 
sure. 

[0009] FIG. 5 shoWs an example computing system in 
accordance With an embodiment of the present disclosure. 

DETAILED DESCRIPTION 

[001 0] Embodiments are disclosed herein that relate to pro 
viding theme-based augmenting of a photorepresentative 
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vieW. The photorepresentative vieW is provided by a display, 
and is a substantially realistic (e.g., photo-like) representation 
of the vieW of a physical environment in Which the user is 
located and from the user’s vantage point. Augmenting the 
user’s perception of their environment in such a manner 
alloWs for the user to experience a themed vieW of their 
environment, While still remaining someWhat connected to 
the environment itself. 
[0011] Aspects of this disclosure Will noW be described by 
example and With reference to the illustrated embodiments 
listed above. Components, process steps, and other elements 
that may be substantially the same in one or more embodi 
ments are identi?ed coordinately and are described With 
minimal repetition. It Will be noted, hoWever, that elements 
identi?ed coordinately may also differ to some degree. It Will 
be further noted that the draWing ?gures included herein are 
schematic and generally not draWn to scale. Rather, the vari 
ous draWing scales, aspect ratios, and numbers of compo 
nents shoWn in the ?gures may be purposely distorted to make 
certain features or relationships easier to see. 

[0012] FIG. 1A shoWs a schematic depiction of an example 
use environment in accordance With an embodiment of the 
present disclosure, namely a physical environment 100 in 
Which a user 102 is located. It should be appreciated that FIG. 
1A is for illustrative purposes, and is not draWn to scale. 
Further, although physical environment 100 is depicted in this 
example as a living room, it should be appreciated that such 
an environment is illustrative, and thus not intended to be 
limiting in any Way. Rather, physical environment 100 may be 
virtually any type of physical environment in Which user 102 
is located, including but not limited to indoor environments, 
outdoor environments, familiar environments, unfamiliar 
environments, etc. In addition to user 102, physical environ 
ment 100 further includes several physical features 104, 
including a sofa 10411, a coffee table 104b, and a dog 104c. 
[0013] FIG. 1A further depicts a display system 106 for 
providing theme-based augmentation via display output. Dis 
play system 106 includes a display 108 con?gured to provide 
a photorepresentative vieW of physical environment 1 00 from 
the vantage point of user 102. Nonlimiting examples of dis 
play 108 include a head-up display (HUD), a head-mounted 
display (HMD), etc. 
[0014] In some embodiments, display 108 may be an opti 
cal see-through display having a suf?ciently transparent por 
tion or portions. Such a display provides the photorepresen 
tative vieW via the transparent portion(s) through Which the 
physical environment is visible to the user. HoWever, in other 
embodiments, display 108 may be an immersive display that 
is con?gured to provide the photorepresentative vieW by dis 
playing a fully rendered image of a spatial model of the 
environment. 
[0015] Display system 106 is con?gured to receive one or 
more user inputs (e. g., via an input device), including an input 
selecting a theme for augmenting the photorepresentative 
vieW. In response, display system 106 identi?es physical fea 
tures (e.g., objects, people, buildings, etc.) in the environment 
that may be augmented according to the theme, such as physi 
cal features 104, and then displays such augmentations (e. g., 
While still providing at least some of the photorepresentative 
vieW). In this Way, user 102 experiences a themed vieW of 
physical environment 100, While still remaining someWhat 
connected to the environment itself. 

[0016] As an example, display 108 may display images 
Which user 102 perceives as overlaying physical features 104, 
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so as to augment physical environment 100 according to the 
selected theme. As described in more detail hereafter With 
reference to FIG. 2, such a display system may utiliZe an 
image capture device, such as a depth camera, for obtaining 
information about physical environment 100, Which the dis 
play system may utiliZe to generate a spatial model of the 
environment. The display system may then analyZe the model 
to identify features Within the model Which may be aug 
mented. 
[0017] It should be appreciated that display system 106 as 
illustrated in FIG. 1A is nonlimiting. In other embodiments, 
one or more components of the display system may be imple 
mented externally so as to provide the photorepresentative 
vieW at display 108. FIG. 1B illustrates a schematic depiction 
of user 1 02 in another example physical environment, namely 
physical environment 100B, Wherein a display system 106B 
provides/transmits the photorepresentative vieW for vieWing 
at display 108. As described in more detail hereafter With 
reference to FIG. 3, such a display system may utiliZe an 
image capture device, such as a depth camera, to track user 
102 and the physical environment to generate a spatial model 
of the physical environment, from the user’s vantage point, 
for example. 
[0018] The display system (e.g., display system 106, dis 
play system 106B) may be con?gured to provide theme 
based augmentations in any suitable manner. FIG. 2 illus 
trates an example method 200 of providing theme-based 
augmenting of a photorepresentative vieW. Such a method 
may be provided by the display system (e.g., display system 
106, display system 106B) by executing instructions stored 
thereon, for example. 
[0019] At 202, method 200 includes receiving, from the 
user, an input selecting a theme for use in augmenting the 
photorepresentative vieW. Such an input may be received 
from an input device con?gured to communicate With the 
display system, such as a user-selectable button, a virtual 
button or other user interface displayed on the display (e.g., 
display 108) or at another location, etc. 
[0020] At 204, method 200 includes obtaining, optically 
and in real time, environment information of the physical 
environment. Such environment information may be any suit 
able information describing the physical environment and 
features thereof, such as physical features 104 of physical 
environment 100 illustrated in FIG. 1A. Examples of suitable 
environment information include, but are not limited to, 
image data (e. g., color information, depth information, infra 
red information, etc.), dimension data, surface data, motion 
data, audio data, etc. 
[0021] The display system (e.g., display system 106, dis 
play system 106B) may be con?gured to obtain environment 
information of the physical environment (e. g., physical envi 
ronment 100, physical environment 100B) in any suitable 
manner. As a nonlimiting example, the display system may 
further include one or more sensors con?gured to obtain such 
environment information optically and in real time. As such, 
method 200 may include detecting the environment informa 
tion via one or more sensors associated With the display, as 
indicated at 206. 

[0022] In some embodiments, such sensor(s) may be 
located proximal to display 108, so as to capture environment 
information from the vantage point of user 102. FIG. 1A 
illustrates such an example sensor 110 associated With, and 
positioned proximal to, display 108. HoWever, as another 
example, FIG. 1B illustrates an example sensor 110B associ 
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ated With display 108 yet positioned at a distance from display 
108. In the latter case, display system 106B may be con?g 
ured to determine the vantage point of user 102 based on the 
detected information. As a nonlimiting example, the sensors 
may include a capture device, such as a depth camera that 
visually monitors or tracks an observed scene of the physical 
environment and features thereof. Among other things, by 
tracking the position and orientation of user 102, display 
system 106B can transmit information to display 108 so that 
it provides a photorepresentative vieW re?ective of the user’s 
current and/ or changing vantage point. 
[0023] At 208, method 200 includes generating a spatial 
model of the physical environment based on the environment 
information. Such a spatial model may be any suitable model 
for representing the physical environment from the user’s 
vantage point, such as a tWo-dimensional model, a three 
dimensional model, etc. The spatial model may include rep 
resentations of nearly any physical feature or features Within 
the photorepresentative vieW of the physical environment, 
from the user’s perspective. In particular, the spatial model 
includes a representation of the physical environment and 
representations of the objects in the physical environment. 
The spatial model therefore indicates the spatial positioning 
of the objects Within the environment, and relative position 
ing to one another. As a nonlimiting example, the spatial 
model may be a computer-generated model. In addition, the 
model may be dynamically updated in real time, to account 
for a changing user vantage point. 
[0024] FIG. 3 illustrates an example schematic depiction of 
forming a spatial model for the case of a display system 
employing depth-image analysis. While FIG. 3 is discussed in 
more detail hereafter With reference to FIG. 1A, Wherein 
sensor 110 detects an observed scene 112, it should be appre 
ciated that such discussion may also apply to FIG. 1B Wherein 
sensor 110B detects an observed scene 112B. In the former 
case, sensor 110 is positioned proximal to display 108, and 
thus the obtained environment information is already from 
the user’s vantage point (e.g., the sensor is aimed as a result of 
the user’s head movement). In the latter case, since sensor 
110B is positioned at a distance from display 108, the display 
system may determine the user’s vantage point (e.g., bodily 
position/orientation, sightline, etc.) from the environment 
information so as to generate a spatial model of the physical 
environment from the user’s perspective. 
[0025] Continuing With FIG. 3, the depth-image analysis 
system of display system 106 may utiliZe sensor 110 (e.g., a 
depth camera) to visually monitor or track physical features 
(e.g., objects, people, etc.) of physical environment 100 
Within an observed scene 112, as observed by sensor 110. In 
the depicted example, a physical feature in the form of dog 
1040 is tracked by sensor 110. It should be appreciated that 
the illustrated scenario in FIG. 3 is provided as an example, 
but is not meant to be limiting in any Way. To the contrary, the 
illustrated scenario is intended to demonstrate a general con 
cept, Which may be applied to a variety of different applica 
tions Without departing from the scope of this disclosure. As 
such, other physical features Within observed scene 112 may 
additionally or alternatively be tracked by sensor 110. 
[0026] FIG. 3 shoWs a simpli?ed processing pipeline in 
Which dog 1040 in an observed scene 112 is modeled as a 
virtual skeleton 338 that can be used to generate a virtual 
avatar 316. By modeling each of the physical features Within 
the environment in such a manner, the spatial model of the 
environment may be generated. Thus, avatars, virtual objects, 
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surfaces, ?oors, etc. are properly parameteriZed Within the 
spatial model so as to accurately represent the tracked posi 
tioning, orientation, movement, etc. of their physical coun 
terpar‘ts, thus yielding a spatial model that provides an accu 
rate representation of the physical environment. It Will be 
appreciated that a processing pipeline may include additional 
steps and/or alternative steps than those depicted in FIG. 3 
Without departing from the scope of this disclosure. 
[0027] As shoWn in FIG. 3, the simpli?ed processing pipe 
line begins With the target (e. g., dog 1040) being imaged by a 
capture device such as sensor 110 (e.g., a depth camera). It 
should be understood that several targets Within the environ 
ment, as Well as the environment itself (e.g., Walls, ?oors, 
etc.) may also be imaged. The depth camera may determine, 
for each pixel, the depth of a surface in the observed scene 
relative to the depth camera. Virtually any depth-?nding tech 
nology may be used Without departing from the scope of this 
disclosure. Example depth-?nding technologies are dis 
cussed in more detail With reference to capture device 518 of 
FIG. 5. 
[0028] The depth information determined for each pixel 
may be used to generate a depth map 336. Such a depth map 
may take the form of virtually any suitable data structure, 
including but not limited to a matrix that includes a depth 
value for each pixel of the observed scene. In FIG. 3, depth 
map 336 is schematically illustrated as a pixelated grid of the 
silhouette of the target. This illustration is for simplicity of 
understanding, not technical accuracy. It is to be understood 
that a depth map generally includes depth information for all 
pixels, not just pixels that image the target, and that the 
perspective of sensor 110 Would not result in the silhouette 
depicted in FIG. 3. 
[0029] In some embodiments, a virtual skeleton 338 may be 
derived from depth map 336 to provide a machine readable 
representation of the target. In other Words, a virtual skeleton 
338 may be derived from depth map 336 to model the target. 
The virtual skeleton 338 may be derived from the depth map 
in any suitable manner. In some embodiments, one or more 

skeletal ?tting algorithms may be applied to the depth map. 
The present disclosure is compatible With virtually any skel 
etal modeling techniques. 
[0030] The virtual skeleton 338 may include a plurality of 
joints, each joint corresponding to a portion of the target. In 
FIG. 3, virtual skeleton 338 is illustrated as a multi-j oint stick 
?gure. This illustration is for simplicity of understanding, not 
technical accuracy. Vrr‘tual skeletons in accordance With the 
present disclosure may include virtually any number of joints, 
each of Which can be associated With virtually any number of 
parameters (e. g., three dimensional joint position, joint rota 
tion, body posture of corresponding body part (e.g., hand 
open, hand closed, etc.) etc.). It is to be understood that a 
virtual skeleton may take the form of a data structure includ 
ing one or more parameters for each of a plurality of skeletal 
joints (e. g., a joint matrix including anx position, a y position, 
a Z position, and a rotation for each joint). In some embodi 
ments, other types of virtual skeletons may be used (e.g., a 
Wireframe, a set of shape primitives, etc.). 
[0031] As shoWn in FIG. 3, a virtual avatar 316 may be 
generated. Such an avatar provides a virtual representation of 
the target Within a spatial model corresponding to the envi 
ronment. More speci?cally, because virtual skeleton 338 
models the tracked target, and virtual avatar 316 is generated 
based on the virtual skeleton 338, the virtual avatar 3 1 6 serves 
as a digital representation of the target Within the spatial 
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model. It should be appreciated that by generating the spatial 
model in such a Way, any portion or portions of the spatial 
model may optionally be rendered for display. Further, such a 
spatial model supports augmentations in that the properties of 
the digital representations Within the model may be modi?ed 
and rendered for display. 
[0032] It should be appreciated that although the above 
described techniques for modeling objects Within the physi 
cal environment are directed toWard modeling a single target, 
such description is nonlimiting. Thus, several targets may be 
modeled using the above-described techniques Without 
departing from the scope of this disclosure. Also, as indicated 
above, physical features other than moving targets may be 
modeled, such as ?oors, Walls, ceilings, etc. 
[0033] In this Way, by modeling the physical environment 
and its features, a spatial model of the physical environment 
may be generated. Since the environment information may be 
obtained optically, and in real time, not only may the spatial 
model be generated and/or updated in real time, but further, 
the spatial model need not rely on precon?gured data. There 
fore, unlike traditional simulation environments, the user may 
utiliZe such a display system in “neW” environments for 
Which the display system has little or no pre-existing knoWl 
edge (e.g., precon?gured spatial model, GPS data, etc.). As 
such, the user may experience theme-based augmentations 
for a variety of different physical environments, including 
neW environments for Which the system has no prior infor 
mation. 
[0034] Returning to FIG. 2, upon generating the spatial 
model, method 200 next includes, at 210, identifying, via 
analysis of the spatial model, one or more features Within the 
spatial model that each corresponds to one or more physical 
features in the physical environment. In this Way, the display 
system determines features Within the user’s vieW of the 
environment. Such analysis may include any suitable analysis 
such as object recognition, gesture recognition, facial recog 
nition, voice recognition, audio recognition, etc. In some 
cases, such analysis may yield a general description (e.g., 
indicating the object’s dimensions), etc. Whereas in other 
cases such analysis may yield a more detailed description 
(e.g., indicating the object is a dog, for example). 
[0035] Continuing With FIG. 2, at 212, method 200 next 
includes, based on such analysis, displaying on the display 
(e.g., display 108), one or more augmentations of one or more 
identi?ed features. In some embodiments, the augmentations 
may be displayed, for example, While still providing at least 
some of the photorepresentative vieW of the physical envi 
ronment. The augmentation(s) are associated With the theme 
selected by the user. In some embodiments, the augmentation 
(s) may be selected from a plurality of augmentations that are 
associated With the theme, and such selection is based on the 
features identi?ed Within the spatial model, as indicated at 
214. For example, if a large object is identi?ed Within the 
spatial model, then an augmentation of a similar order in 
dimension may be selected from the available augmentations 
associated With that theme. For example, a relatively large 
object in a living room such as a couch might result in use of 
a particular available augmentation Within a theme (e.g., a 
large castle in a medieval theme). Assuming a nature/forest 
theme, a tall narroW object in the physical environment could 
be overlaid With a virtual tree. 

[0036] The displayed augmentation may be virtually any 
type of virtual imagery augmenting the photorepresentative 
vieW provided to the user. As an example, an image may be 
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displayed Which, from the user’s vantage point, overlays the 
corresponding physical feature in the physical environment, 
as indicated at 216. As a nonlimiting example, a virtual skin 
may be applied to the identi?ed feature Within the spatial 
model, and an image of the virtual skin may be displayed. 
Since the skin Was applied to the feature Within the model, the 
displayed skin Will appear, according to the user, to overlay 
the corresponding physical feature in the environment. 
[0037] FIG. 4 shoWs an example for user 102 of FIG. 1A, 
Wherein the user has selected a medieval theme. In this 
example, display system 106 has generated a spatial model of 
physical environment 100 and identi?ed physical features, 
namely sofa 104a, coffee table 1041) and dog 1040. Based on 
such analysis, augmentations of the photorepresentative vieW 
are displayed at display 108, illustrated in an expanded vieW 
at 400. Displaying such augmentations alloWs the user to see 
a castle 402 overlaid onto sofa 104a, greenery 404 overlaid 
onto coffee table 104b, and a costume 406 overlaid onto dog 
1040. Since the display of the augmentations is based on 
analysis of the spatial model, the augmentations are custom 
iZed for the physical environment. For example, castle 402 
may be customized to correspond to the dimensions and 
features of sofa 104a. Further, since the spatial model may be 
updated in real time as neW environment information is 
obtained, the display of augmentations may also be updated 
in real time. Thus, the display of augmentations may be 
maintained as the user moves through the physical environ 
ment, alloWing the user to continue With the theme-based 
experience. As such, display of the augmentations is not 
“static” in any sense. To the contrary, as the user moves, the 
display of the augmentations may be dynamically adjusted 
such that the augmentations continue to be displayed accord 
ing to the user’s dynamically changing vantage point. 
[0038] It should be appreciated that the illustrated scenario 
in FIG. 4 is provided as an example, but is not meant to be 
limiting in any Way. To the contrary, the illustrated scenario is 
intended to demonstrate a general concept, Which may be 
applied to a variety of different applications Without depart 
ing from the scope of this disclosure. 
[0039] Continuing With FIG. 2, the augmentation may be 
displayed in any suitable manner. For example, for the case of 
an optical see-through display, the user may already be vieW 
ing the environment via the photorepresentative vieW pro 
vided by optically transparent portions of the display. In such 
a case, one or more images of virtual objects may be displayed 
on the display, Which, from the user’s vantage point, overlay 
corresponding physical features in the physical environment. 
As such, the displayed images augment the user’s vieW, as 
indicated at 218. In this Way, the user is provided With a 
theme-based experience of their environment, While still 
remaining someWhat connected to the environment itself. 
[0040] Alternatively, for the case of an immersive display, 
the user may already be vieWing the environment via the 
photorepresentative vieW provided via a fully rendered image 
of the spatial model (e.g., the entire display is rendered, as 
opposed to the user directly vieWing the scene through opti 
cally transparent portions of the display). In such a case, one 
or more features identi?ed Within the spatial model may be 
modi?ed, and in response, a fully rendered image of the 
spatial model may be displayed Which re?ects such modi? 
cation of the spatial model. Since the features identi?ed 
Within the spatial model may be suf?ciently maintained, the 
user may perceive the modi?cations as overlaying physical 
features in the environment, as indicated at 220. 
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[0041] Therefore, regardless of Whether the display is an 
optical see-through display or an immersive display, the user 
is provided With a theme-based experience of their environ 
ment While still remaining someWhat connected to the envi 
ronment itself. In other Words, typically some portion of the 
displayed content remains photorepresentative, for example, 
providing an accurate vieW of the physical environment With 
a relatively high level of ?delity, such as photo-like. That said, 
in some cases the entire physical environment may be over 
laid, skinned, etc. With appropriate theme-based modi?ca 
tions that are selected in response to the spatial model. 
[0042] Moreover, since the display system obtains environ 
ment information optically and in real time, display of the 
augmentation may be maintained as the user moves through 
the physical environment, as indicated at 222. In other Words, 
the augmentation may be dynamically displayed as the user 
moves Within the physical environment to cause consequent 
change in the photorepresentative vieW. In some embodi 
ments, this may include modifying the augmentation and/or 
spatial model such that the displayed augmentation continues 
to be displayed according to the user’s vantage point, even if 
the user’s vantage point is also changing in real time. There 
fore, the user may naturally continue the theme-based expe 
rience as the user moves through and/or interacts With the 
environment. 
[0043] In some embodiments, the above described methods 
and processes may be tied to a computing system including 
one or more computers. In particular, the methods and pro 
cesses described herein may be implemented as a computer 
application, computer service, computer API, computer 
library, and/or other computer program product. 
[0044] FIG. 5 schematically shoWs a nonlimiting comput 
ing system 500 that may perform one or more of the above 
described methods and processes. Computing system 500 is 
shoWn in simpli?ed 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 500 may take the form of a mainframe 
computer, server computer, desktop computer, laptop com 
puter, tablet computer, home entertainment computer, net 
Work computing device, mobile computing device, mobile 
communication device, gaming device, etc. 
[0045] Computing system 500 includes a logic subsystem 
502 and a data-holding subsystem 504. Computing system 
500 may optionally include a display subsystem 506, a com 
munication subsystem 508, an environment subsystem 510, 
an analysis subsystem 512, and/or other components not 
shoWn in FIG. 5. Computing system 500 may also optionally 
include user input devices such as keyboards, mice, game 
controllers, cameras, microphones, and/ or touch screens, for 
example. 
[0046] Logic subsystem 502 may include one or more 
physical devices con?gured to execute one or more instruc 
tions. For example, the logic subsystem may be con?gured 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. 

[0047] The logic subsystem may include one or more pro 
cessors that are con?gured to execute softWare instructions. 
Additionally or alternatively, the logic subsystem may 
include one or more hardWare or ?rmWare logic machines 
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con?gured to execute hardware or ?rmware instructions. Pro 
cessors of the logic subsystem may be single core or multi 
core, and the programs executed thereon may be con?gured 
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 con?gured for coordinated process 
ing. One or more aspects of the logic subsystem may be 
virtualiZed and executed by remotely accessible networked 
computing devices con?gured in a cloud computing con?gu 
ration. 
[0048] Data-holding subsystem 504 may be operatively 
coupled with the display and one or more sensors (e.g., sen 
sors 516), and may include one or more physical, non-tran 
sitory, devices con?gured 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 sub 
system 504 may be transformed (e.g., to hold different data). 
[0049] Data-holding subsystem 504 may include remov 
able media and/or built-in devices. Data-holding subsystem 
504 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, ?oppy disk drive, 
tape drive, MRAM, etc.), among others. Data-holding sub 
system 504 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, ?le addressable, and content 
addressable. In some embodiments, logic subsystem 502 and 
data-holding subsystem 504 may be integrated into one or 
more common devices, such as an application speci?c inte 
grated circuit or a system on a chip. 

[0050] FIG. 5 also shows an aspect of the data-holding 
subsystem in the form of removable computer-readable stor 
age media 514, 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 514 may take the form of CDs, DVDs, 
HD-DVDs, Blu-Ray Discs, EEPROMs, and/or ?oppy disks, 
among others. 
[0051] It is to be appreciated that data-holding subsystem 
504 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 
?nite duration. Furthermore, data and/ or other forms of infor 
mation pertaining to the present disclosure may be propa 
gated by a pure signal. 
[0052] When included, display subsystem 506 may be used 
to present a visual representation of data held by data-holding 
subsystem 504 (e.g., a virtual avatar and/or a three-dimen 
sional virtual world). As the herein described methods and 
processes change the data held by the data-holding sub 
system, and thus transform the state of the data-holding sub 
system, the state of display subsystem 506 may likewise be 
transformed to visually represent changes in the underlying 
data. For example, computing system 500 may be con?gured 
to render a driving game for display on a display device of 
display subsystem 506. As such, computing system 500 may 
include a display output to output the driving game interface 
to the display device. Display subsystem 506 may include one 
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or more display devices utiliZing virtually any type of tech 
nology. Such display devices may be combined with logic 
sub system 502 and/ or data-holding sub system 504 in a shared 
enclosure, or such display devices may be peripheral display 
devices connected to the logic subsystem via a display output. 
[0053] When included, communication subsystem 508 
may be con?gured to communicatively couple computing 
system 500 with one or more other computing devices. The 
communication subsystem may include wired and/or wire 
less communication devices compatible with one or more 
different communication protocols. As nonlimiting 
examples, the communication subsystem may be con?gured 
for communication via a wireless telephone network, a wire 
less local area network, a wired local area network, a wireless 
wide area network, a wired wide area network, etc. In some 
embodiments, the communication subsystem may allow 
computing system 500 to send and/or receive messages to 
and/or from other devices via a network such as the Internet. 
[0054] Environment subsystem 510 may include one or 
more sensors 516 for obtaining environment information 
optically and in real time. Sensors 516 may include an inte 
grated and/or peripheral capture device 518 con?gured to 
obtain depth-images of one or more targets. In either case, 
computing system 500 may include a peripheral input to 
receive depth images from a depth camera and deliver the 
received depth images to the logic subsystem for processing. 
Capture device 518 may be con?gured to capture video with 
depth information via any suitable technique (e.g., time-of 
?ight, structured light, stereo image, etc.). As such, capture 
device 518 may include a depth camera, a video camera, 
stereo cameras, and/or other suitable capture devices. 
[0055] For example, in time-of-?ight analysis, the capture 
device 518 may emit infrared light to the target and may then 
use sensors to detect the backscattered light from the surface 
of the target. In some cases, pulsed infrared light may be used, 
wherein the time between an outgoing light pulse and a cor 
responding incoming light pulse may be measured and used 
to determine a physical distance from the capture device to a 
particular location on the target. In some cases, the phase of 
the outgoing light wave may be compared to the phase of the 
incoming light wave to determine a phase shift, and the phase 
shift may be used to determine a physical distance from the 
capture device to a particular location on the target. 
[0056] In another example, time-of-?ight analysis may be 
used to indirectly determine a physical distance from the 
capture device to a particular location on the target by ana 
lyZing the intensity of the re?ected beam of light over time, 
via a technique such as shuttered light pulse imaging. 
[0057] In another example, structured light analysis may be 
utiliZed by capture device 518 to capture depth information. 
In such an analysis, patterned light (e.g., light displayed as a 
known pattern such as grid pattern, a stripe pattern, a constel 
lation of dots, etc.) may be projected onto the target. Upon 
striking the surface of the target, the pattern may become 
deformed, and this deformation of the pattern may be studied 
to determine a physical distance from the capture device to a 
particular location on the target. 
[0058] In another example, the capture device may include 
two or more physically separated cameras that view a target 
from different angles to obtain visual stereo data. In such 
cases, the visual stereo data may be resolved to generate a 
depth-image. 
[0059] In other embodiments, capture device 518 may uti 
liZe other technologies to measure and/ or calculate depth 
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values. Additionally, capture device 518 may organize the 
calculated depth information into “Z layers,” for example, 
layers perpendicular to a Z axis extending from the depth 
camera along its line of sight to the target. 
[0060] In some embodiments, tWo or more different cam 
eras may be incorporated into an integrated capture device. 
For example, a depth camera and a video camera (e.g., RGB 
video camera) may be incorporated into a common capture 
device. In some embodiments, tWo or more separate capture 
devices may be cooperatively used. For example, a depth 
camera and a separate video camera may be used. When a 
video camera is used, it may be used to provide target tracking 
data, con?rmation data for error correction of target tracking, 
image capture, face recognition, high-precision tracking of 
?ngers (or other small features), light sensing, and/or other 
functions. 
[0061] Environment subsystem 510 may be further con?g 
ured to generate a spatial model of the physical environment 
based on the environment information. It is to be understood 
that at least some target analysis and tracking operations may 
be executed by a logic machine of one or more capture 
devices. A capture device may include one or more onboard 
processing units con?gured to perform one or more target 
analysis and/or tracking functions. A capture device may 
include ?rmWare to facilitate updating such onboard process 
ing logic. 
[0062] Computing system 500 may optionally include one 
or more input devices, such as input device 520. Input device 
520 may be utilized for receiving a user input selecting a 
theme for augmenting the photorepresentative vieW, for 
example. Input devices may be used to control operation of 
the computing system. In the context of a game, input devices 
can be used to control aspects of a game not controlled via the 
target recognition, tracking, and analysis methods and proce 
dures described herein. In some embodiments, input devices 
may include one or more of accelerometers, gyroscopes, 
infrared target/sensor systems, etc., Which may be used to 
measure movement of the controllers in physical space. In 
some embodiments, the computing system may optionally 
include and/or utiliZe input gloves, keyboards, mice, track 
pads, trackballs, touch screens, buttons, sWitches, dials, and/ 
or other input devices. As Will be appreciated, target recog 
nition, tracking, and analysis may be used to control or aug 
ment aspects of a game, or other application, conventionally 
controlled by an input device, such as a game controller. In 
some embodiments, the target tracking described herein can 
be used as a complete replacement to other forms of user 
input, While in other embodiments such target tracking can be 
used to complement one or more other forms of user input. 

[0063] Analysis subsystem 512 may be con?gured to then 
analyZe the spatial model created by environment subsystem 
510. Such analysis may include object recognition, gesture 
recognition, facial recognition, voice recognition, audio rec 
ognition, and/or any other suitable type of analysis. 
[0064] It is to be understood that the con?gurations and/or 
approaches described herein are exemplary in nature, and that 
these speci?c embodiments or examples are not to be consid 
ered in a limiting sense, because numerous variations are 
possible. The speci?c routines or methods described herein 
may represent one or more of any number of processing 
strategies. As such, various acts illustrated may be performed 
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. 
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[0065] The subject matter of the present disclosure includes 
all novel and nonobvious combinations and subcombinations 
of the various processes, systems and con?gurations, and 
other features, functions, acts, and/or properties disclosed 
herein, as Well as any and all equivalents thereof. 

1. On a display con?gured to provide a photorepresentative 
vieW from a user’s vantage point of a physical environment in 
Which the user is located, a method of providing theme-based 
augmenting of the photorepresentative vieW, the method 
comprising: 

receiving, from the user, an input selecting a theme for use 
in augmenting the photorepresentative vieW; 

obtaining, optically and in real time, environment informa 
tion of the physical environment; 

generating a spatial model of the physical environment 
based on the environment information; 

identifying, via analysis of the spatial model, one or more 
features Within the spatial model that each corresponds 
to one or more physical features in the physical environ 
ment; and 

based on such analysis, displaying, on the display, an aug 
mentation of an identi?ed feature, the augmentation 
being associated With the theme. 

2. The method of claim 1, further comprising, upon analy 
sis of the spatial model, selecting the augmentation from a 
plurality of augmentations associated With the theme, such 
selection being based on the one or more features identi?ed. 

3. The method of claim 1, Wherein the display is a head-up 
display. 

4. The method of claim 1, Wherein the display is a head 
mounted display. 

5. The method of claim 1, Wherein displaying the augmen 
tation comprises displaying an image Which, from the user’s 
vantage point, overlays the physical feature in the physical 
environment corresponding to the identi?ed feature. 

6. The method of claim 1, Wherein displaying the augmen 
tation comprises applying a virtual skin to the identi?ed fea 
ture of the spatial model and displaying an image of the 
virtual skin Which, from the user’s vantage point, overlays the 
corresponding physical feature in the physical environment. 

7. The method of claim 1, Wherein the display is an optical 
see-through display con?gured to provide the photorepresen 
tative vieW via one or more suf?ciently transparent portions 
of the display through Which the physical environment is 
visible to the user. 

8. The method of claim 7, Wherein displaying the augmen 
tation comprises overlaying a virtual object onto the identi 
?ed feature of the spatial model and displaying an image of 
the virtual object Which, from the user’s vantage point, over 
lays the corresponding physical feature in the physical envi 
ronment visible to the user through the display. 

9. The method of claim 1, Wherein the display is an immer 
sive display con?gured to provide the photorepresentative 
vieW by displaying a fully rendered image of the spatial 
model. 

10. The method of claim 9, Wherein displaying the aug 
mentation comprises modifying one or more features identi 
?ed Within the spatial model, and in response, displaying a 
fully rendered image of the spatial model Which re?ects such 
modi?cation of the spatial model. 

11. The method of claim 1, Wherein obtaining the environ 
ment information comprises detecting the environment infor 
mation via one or more sensors associated With the display. 
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12. The method of claim 1, further comprising maintaining 
displaying of the augmentation as the user moves through the 
physical environment. 

13. A display system for providing theme-based augmen 
tation via display output, comprising: 

a display con?gured to provide a photorepresentative vieW 
from a user’s vantage point of a physical environment in 
Which the user is located; 

one or more sensors con?gured to obtain, optically and in 
real time, environment information of the physical envi 
ronment; 

a data-holding subsystem operatively coupled With the dis 
play and the one or more sensors, the data-holding sub 
system containing instructions executable by a logic 
subsystem to: 
receive, from the user, an input selecting a theme for use 

in augmenting the photorepresentative vieW; 
generate a spatial model of the physical environment 

based on the environment information; 
identify, via analysis of the spatial model, one or more 

features Within the spatial model that each corre 
sponds to one or more physical features in the physi 
cal environment; and 

based on such analysis, display, on the display, an aug 
mentation of an identi?ed feature, the augmentation 
being associated With the theme. 

14. The display system of claim 13, Wherein the display is 
a head-up display. 

15. The display system of claim 13, Wherein the display is 
a head-mounted display. 

16. The display system of claim 13, Wherein the display is 
an optical see-through display con?gured to provide the pho 
torepresentative vieW via one or more suf?ciently transparent 
portions of the display through Which the physical environ 
ment is visible to the user. 
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17. The display system of claim 13, Wherein the display is 
an immersive display con?gured to provide the photorepre 
sentative vieW by displaying a fully rendered image of the 
spatial model. 

18. The display system of claim 13, Wherein the one or 
more sensors comprise an image capture device con?gured to 
obtain one or more depth images of the physical environment. 

19. On a display, a method of providing theme-based aug 
mentation via display output, the method comprising: 

receiving, from a user, an input selecting a theme for aug 
menting a photorepresentative vieW, the photorepresen 
tative vieW being from a vantage point of the user and of 
a physical environment in Which the user is located; 

detecting, optically and in real time, environment informa 
tion of the physical environment via one or more sensors 
positioned proximal to the display; 

generating a spatial model of the physical environment 
based on the environment information; 

identifying, via analysis of the spatial model, one or more 
features Within the spatial model that each corresponds 
to one or more physical features in the physical environ 

ment; 
selecting an augmentation from a plurality of augmenta 

tions associated With the theme based on the one or more 

features identi?ed; and 
in response, displaying, on the display, the augmentation of 

an identi?ed feature While still providing at least some of 
the photorepresentative vieW of the physical environ 
ment. 

20. The method of claim 19, Wherein displaying the aug 
mentation comprises dynamically displaying the augmenta 
tion as the user moves Within the physical environment to 
cause consequent change in the photorepresentative vieW. 

* * * * * 


