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DYNAMIC DISPLAY OF VIRTUAL CONTENT 
ON SEVERAL DEVICES USING REFERENCE 

TAGS 

BACKGROUND 

0001. As electronic devices have become smaller, and 
their functionality has increased, many users find themselves 
in possession of a device having communications circuitry for 
sending or receiving data from remote sources or other 
devices. In particular, many users own and carry portable 
electronic devices having communications circuitry that can 
be used to connect to a communications network through 
which devices owned by different users can share informa 
tion. 

0002. Several connected devices can share information in 
many different contexts. For example, several devices can 
share contact information, communications (e.g., e-mail mes 
sages), application data, or other information to be used inde 
pendently by each of the several devices. As another example, 
several devices can share common data used by a same appli 
cation or process operating on each of the devices. In particu 
lar, several users can play a game together by sharing game 
information between the electronic devices. 
0003. Some processes or applications operating coopera 

tively between several devices may require different devices 
to provide information in a specific order. For example, some 
games (e.g., card games, battleship, or other board games) 
may be played by allowing each user, in a specific order, to 
play cards from the user's hand. Different approaches can be 
used to ensure that devices provide information in a correct 
order. For example, the users of the devices can coordinate 
amongst themselves to provide information at a propertime. 
As another example, users can assign an order or sequence to 
each of the devices, such that devices only provide informa 
tion when the sequence allows them to do so. These 
approaches, however, can create an additional burden on the 
USCS. 

0004. In another context, users having electronic devices 
may be in a location where positioning circuitry is unavail 
able (e.g., a large conference room or a concert hall), and may 
wish to locate each other using the devices. To do so, the users 
may need to send various messages to each other (e.g., by 
e-mail, text message, or telephone calls) describing where 
they are, what they see, and try to guess where other users are 
to establish a suitable meeting point. This process can be time 
consuming and inaccurate. In addition, in noisy environ 
ments, voice communications between users can be further 
impeded. 

SUMMARY 

0005. This is directed to determining the relative position 
of several devices based on images of a tag captured by each 
of the several devices. In particular, this is directed to moni 
toring images of a tag captured by different devices, sharing 
the captured images, and determining the relative positions of 
each device based on the shared images. 
0006 To determine the relative position of several devices, 
each device can capture an image of a same tag. Any Suitable 
object can serve as a tag of which an image is captured. In 
particular, any object for which two images captured from 
different perspectives are always different can be used as a tag 
(e.g., an asymmetrical object). The tag can be provided using 
different approaches. In some embodiments, one or more 
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users can provide the tag, for example by placing a card 
having an appropriate pattern on a playing Surface. In some 
cases, users can instead or in addition capture an image of an 
object in the users’ environment, or of a region of the users 
environment. In such cases, any object in a user's vicinity can 
serve as a tag. In some embodiments, a location or site visited 
by users can provide one or more tags visible from most or all 
of locations within the site such that users can capture images 
of the tags and determine their positions relative to the tags 
from anywhere on site. For example, a concert location can 
display a single tag above the stage. 
0007 To improve the ability of individual devices to deter 
mine their positions relative to a tag, the tag can be known to 
the devices. In particular, each device can have a library of 
known tags to which the device can compare a captured 
image. In some cases, a tag can include a code (e.g., an 
embedded bar code) that can be used to identify the particular 
tag or provide attributes of the particular tab (e.g., character 
istic dimensions or GPS coordinates). When the tag is known, 
a device can determine its position relative to the tag, and can 
share the determined position with other devices. This can 
reduce the amount of processing required by one or more 
devices to determine the relative position of all of the devices. 
0008. In some cases, a tag may not be known to one or 
more devices. For example, when the tag is selected as an 
object in the users environment, the devices may not know 
the shape and dimensions of the object. To determine the 
relative positions of each device, the devices can capture 
images of the tag, and share the captured images with other 
devices. By comparing and analyzing the images, the devices 
can construct the shape and dimensions (or other attributes) of 
the tag, and from the constructed attributes of the tag, deter 
mine the relative positions of each device. 
0009. In some embodiments, each electronic device can 
indicate to its user the relative position of other devices hav 
ing captured images of the same tag. For example, an elec 
tronic device can display a map or other representation of the 
user's environment in which the other detected devices are 
placed. The device can provide distance and angle informa 
tion for each other device including, for example, a vector or 
directions for reaching the other device. In some embodi 
ments, the directions can account for known features of the 
environment (e.g., walls and doors, roads, or other obstacles). 
00.10 Electronic devices can determine their relative posi 
tions at any suitable time. In some cases, electronic devices 
can monitor the device's perspective of a tag (e.g., capture 
sequences of images of a tag), and provide changes in the 
perspective or position to other devices. Alternatively, each 
electronic device can determine its position relative to a tag at 
different intervals (e.g., pre-established or arbitrary inter 
vals), in response to detecting device movement (e.g., based 
on the output of a motion sensing component), in response to 
receiving a user instruction, or combinations of these. 
0011. Once the relative position of each device has been 
determined, the devices can share information or content used 
by applications operating on the devices. For example, sev 
eral devices can share content related to a multi-player game 
application operating on each device. The determined posi 
tioning information can be used to control the game play, and 
the order in which different users provide content to other 
devices. 

0012. In some embodiments, several electronic devices 
can engage in a cooperative application where the relative 
position of each device is used as a factor or input in the 
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cooperative application. For example, several electronic 
devices can display a virtual avatar or other virtual content, 
where each device displays the avatar from a different per 
spective based on the position of the device relative to a tag. 
As a device moves, the displayed perspective of the avatar can 
change. 
0013 Users of each device can interact with displayed 
content using different approaches. For example, a user can 
provide an input on a device to displace or move the content. 
To ensure that all of the other devices see the interaction of the 
user with the content, the electronic device of the user can 
broadcast the users interactions to the other devices. In some 
cases, several users can simultaneously or sequentially inter 
act with displayed content, for example as part of a game. For 
example, several users can interact with one or more dis 
played avatars that fight each other in a game. 
0014. The particular content displayed by each device can 
be provided using different approaches. In some embodi 
ments, a host device can serve as a game provider, and can 
provide information to each device describing the commonly 
displayed content. For example, a larger portable device (e.g., 
a notebook or tablet computer), or a fixed device (e.g., a 
desktop computer or a server) can generate content that is 
transmitted to the different devices. When different devices 
interact with the content, the devices can transmit their inter 
actions or received user instructions to the host device, which 
can in turn adjust the manner in which the content is dis 
played, and provide the adjustments to the different devices. 
In some embodiments, each device interacting with the dis 
played content can instead or in addition provide the interac 
tions or instructions directly to other devices displaying the 
COntent. 

0015 The host device can provide the content to be dis 
played by each device using any Suitable approach. In some 
embodiments, the host device can determine the particular 
view of the content that each device will display, and provide 
individualized perspectives of the content to each device. 
When aparticular device interacts with the content, the device 
can provide information describing the interaction to the host 
device so that the host device can send revised perspectives of 
the content to the users. Similarly, if a device changes position 
relative to the content (e.g., relative to a tag), the host device 
can generate a new perspective for the device. Alternatively, 
the host device can provide definition information defining 
the content from some or all perspectives or sides. For 
example, the host device can provide definition information 
for all perspectives, or for perspectives corresponding a par 
ticular range of device positions (e.g., within an arc region) of 
the initial position of the device relative to the content. When 
a device changes positions relative to the content, the device 
can revise the displayed perspective of the content based on 
the definition file. When a user of a device interacts with the 
content, the device can determine how the content will change 
based on the definition file, and provide information describ 
ing the interaction to other devices displaying the content so 
that all devices and adjust the display. 
0016. In some embodiments, several devices can provide 
content to be displayed simultaneously by some or all of the 
devices. For example, several devices on a same team can 
display shared content. As another example, several devices 
playing in opposition can each provide opposing content to be 
displayed (e.g., two players provide opposing avatars that 
fight each other). Users of one or more devices, including of 
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devices that did not provide the displayed content, can inter 
act with the displayed content. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0017. The above and other features of the present inven 
tion, its nature and various advantages will be more apparent 
upon consideration of the following detailed description, 
taken in conjunction with the accompanying drawings in 
which: 
0018 FIG. 1 is a schematic view of an illustrative system 
of electronic devices connected to a communications network 
in accordance with one embodiment of the invention; 
0019 FIG. 2 is a schematic view of several devices posi 
tioned aroundataginaccordance with one embodiment of the 
invention; 
0020 FIG.3 is a schematic view of several illustrative tags 
in accordance with one embodiment of the invention; 
0021 FIG. 4A is a schematic view of several electronic 
devices placed around a tag in accordance with one embodi 
ment of the invention. 
0022 FIGS. 4B-D are schematic views of the perspectives 
of the devices of FIG. 4A of the tag in accordance with some 
embodiments of the invention; 
(0023 FIG. 5 is a flowchart of an illustrative process for 
determining the relative position of devices based on a cap 
tured representation of a tag in accordance with one embodi 
ment of the invention; 
0024 FIG. 6 is a flowchart of an illustrative process for 
determining whether the relative positions of electronic 
devices have changed; 
0025 FIG. 7 is schematic view of an illustrative display of 
an application for finding a path to another electronic device 
in accordance with one embodiment of the invention; 
0026 FIG. 8 is a schematic view of an illustrative display 
for indicating the positions of several devices in accordance 
with one embodiment of the invention; 
0027 FIG. 9 is a schematic view of an illustrative display 
for prompting a user to capture a new representation of a tag 
in accordance with one embodiment of the invention; 
0028 FIG. 10 is a schematic view of an illustrative system 
of devices sharing information to perform an application in 
accordance with one embodiment of the invention; 
(0029 FIG. 11 is a flowchart of an illustrative process for 
interacting with an application based on the relative position 
of devices in accordance with one embodiment of the inven 
tion; 
0030 FIG. 12 is a schematic view of an illustrative system 
of several devices displaying the same virtual content in 
accordance with one embodiment of the invention; 
0031 FIG. 13 is a schematic view of illustrative displays 
of virtual content from different perspectives in accordance 
with one embodiment of the invention; 
0032 FIGS. 14A and 14B are schematic views of illustra 
tive displays of virtual content with which several users can 
interact in accordance with some embodiments of the inven 
tion; 
0033 FIGS. 15A and 15B are schematic views of illustra 
tive displays provided by an application in which virtual 
content provided by several users can be displayed in accor 
dance with some embodiments of the invention; 
0034 FIG. 16 is a flowchart of an illustrative process for 
adjusting the display of virtual content on several devices in 
accordance with one embodiment of the invention; 
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0035 FIG. 17 is a flowchart of an illustrative process for 
changing the appearance of virtual content displayed by an 
electronic device in accordance with one embodiment of the 
invention; and 
0.036 FIG. 18 is a schematic view of an electronic device 
in accordance with one embodiment of the invention. 

DETAILED DESCRIPTION 

0037. Several electronic devices can be connected to a 
communications network. In particular, each electronic 
device can include communications circuitry for connecting 
to one or more communications networks. 
0038 FIG. 1 is a schematic view of an illustrative system 
of electronic devices connected to a communications network 
in accordance with one embodiment of the invention. 
0039 System 100 can include electronic devices 112,114, 
116 and 118 connected to communications network 102. 
Although system 100 only shows four devices, it will be 
understood that any suitable number of devices can be pro 
vided in system 100. In addition, the devices of system 100 
can have the same or different attributes. For example, elec 
tronic devices 112, 114, 116 and 118 can be the same or 
different types of devices (e.g., cellular telephones and por 
table media players). Each of the devices can be associated 
with one or more users. In one implementation, different 
users can operate each of the devices of system 100. 
0040 Some or all of the devices of system 100 can be 
connected to each other to form a network over which infor 
mation can be shared. Alternatively, some or all of the devices 
can be connected to an existing communications network that 
can provide communications paths that the devices can use to 
share information. The devices can share information using 
different approaches including, for example, using one or 
more applications operating on each of the devices. In some 
embodiments, a same application can operate on each of the 
devices, where the application includes calls to communica 
tions circuitry to provide application data or other informa 
tion related to the proper operation of the application from 
one device to the other devices using the same application. 
0041. The devices can connect to network 102 using any 
Suitable approach. In some embodiments, each device can 
connect directly to the communications network (e.g., via 
communications circuitry connected to an access point for the 
communications network). Alternatively, each device can 
connect to network 102 via an intermediary device (e.g., 
connect to the communications network by connecting to a 
device having an access point for the communications net 
work). 
0042 Communications network 102 can support any suit 
able communications protocol, and include any Suitable type 
of communications network (e.g., wired or wireless). For 
example, communications network 102 can support Wi-Fi 
(e.g., a 802.11 protocol), Ethernet, BluetoothTM (which is a 
trademark owned by Bluetooth Sig, Inc.), radio frequency 
systems, cellular networks (e.g., GSM, AMPS, GPRS, 
CDMA, EV-DO, EDGE, 1GSM, DECT, IS-136/TDMA, 
iDen, LTE or any other suitable cellular network or protocol), 
infrared, TCP/IP (e.g., any of the protocols used in each of the 
TCP/IP layers), HTTP, FTP, RTP, RTSP, SSH, Voice over IP 
(VOIP), any other communications protocol, or any combi 
nation thereof. 
0043. In some embodiments, it may be desirable for dif 
ferent electronic devices sharing information to know their 
position relative to other electronic devices. In particular, 
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Some applications used by the devices to share information 
may require or request positioning information for the 
devices. For example, a game application may need to iden 
tify an order in which users can play, where the order is 
determined from the position of the users (e.g., clockwise 
starting with a dealer). As another example, an application 
may need to know the relative position of other devices to 
provide directions or other information for guiding a user 
towards another device. 

0044) The electronic devices can use any suitable 
approach to determine their positions relative to one another. 
In some embodiments, the electronic devices can compare 
images captured of a unique by each device. FIG. 2 is a 
schematic view of several devices positioned around a tag in 
accordance with one embodiment of the invention. System 
200 can include electronic devices 212, 214, 216, and 218, 
which can include some or all of the features or attributes of 
corresponding devices of system 100 (FIG. 1). The devices of 
system 200 can be in communication with each other such 
that they can share information or content that they each 
detect or receive. To determine the relative positions of each 
of the devices, the devices can capture images of tag 220, for 
which each perspective is unique. In other words, a device can 
determine its orientation relative to a tag based on the par 
ticular appearance of the tag to the device. 
0045. The devices of system 200 can capture images of tag 
220 at any suitable time. In some embodiments, the devices 
can be oriented towards tag 220 Such that an appropriate 
sensor can receive information corresponding to the tag. For 
example, a camera of a device can capture an image of the 
device environment in which the tag is located. Users can 
orient the devices towards tag 220 at any suitable time. For 
example, all of the users can orient devices towards tag 220 at 
a same or overlapping moment in time (e.g., when an appli 
cation requiring positioning information is operated by each 
of the devices). As another example, users can orient devices 
towards tag 220 at different moments in time (e.g., when it is 
a user's turn to play a game, or when a user moves his device 
relative to another user's device). 
0046) Any suitable object that can be detected by a sensor 
of an electronic device can be used as a tag. In particular, the 
object used as a tag can be selected Such that the appearance 
of the tag from any perspective is unique. For example, the 
object used as a tag can be asymmetrical. In some embodi 
ments, a user can provide a particular tag for several devices. 
For example, a user can provide a card on which a unique 
pattern is displayed. As another example, a user can provide 
an electronic device on which a tag is displayed. As still 
another example, a user can place an object carried by the user 
(e.g., a pen, a wallet, keys, or bag) in front of device sensors. 
In some embodiments, a tag can instead or in addition be 
selected from objects in the environment of the devices. For 
example, one or more objects such as chairs, plants, room 
layouts, or users can serve as a tag. As another example, a 
room or location in which the devices are located can have a 
dedicated tag (e.g., a dedicated tag displayed over a stage in a 
concert hall). 
0047. A tag can have any suitable feature that makes the 
tag unique from different perspectives. FIG. 3 is a schematic 
view of several illustrative tags in accordance with one 
embodiment of the invention. Tags 300 can include one or 
more patterns of several colors (e.g., black and white) defined 
Such that the pattern is asymmetrical. In some embodiments, 
several of the tags displayed in FIG. 3 can be combined to 
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form a single tag. The patterns used in tags 300 can be con 
structed from any suitable combination of shapes. For 
example, the tags can be constructed by combining rectangu 
lar and square shapes of different colors and sizes. As another 
example, the tags can be constructed by combining other 
polygonal, curved, or arbitrary shapes (e.g., overlay several 
circular shapes). In some embodiments, the tags can instead 
or in addition include one or more linear elements distributed 
in a pattern providing an asymmetrical tag. Tags 300 can be 
provided using several different approaches including, for 
example, as physical tags or cards, as tags displayed by an 
electronic device display, or as a tag integrated in an environ 
ment (e.g., integrated on a table). 
0.048. To determine the relative orientation of each device, 
users can orient an appropriate sensor (e.g., a camera lens) of 
the device towards a displayed tag and capture a representa 
tion of the tag using the sensor. For example, each device can 
capture an image of a tag from a particular perspective. FIG. 
4A is a schematic view of several electronic devices placed 
around a tag in accordance with one embodiment of the 
invention. FIGS. 4B-D are schematic views of the perspec 
tives of the devices of FIG. 4A of the tag in accordance with 
some embodiments of the invention. Devices 402, 404 and 
406 can be disposed aroundtag 400 Such that a sensor (e.g., a 
camera lens) of each device can capture a representation (e.g., 
an image) of tag 400 that is representative of the perspective 
of the device relative to the tag. In particular, device 402 can 
capture image 412, shown in FIG. 4B, oftag 400, device 404 
can capture image 414, shown in FIG. 4C, of tag 400, and 
device 406 can capture image 416, shown in FIG. 4D, of tag 
400. The particular images captured by each of devices 402, 
404 and 406 can be unique, such that each represents only a 
single possible perspective of a device relative to tag 400. 
0049 Upon capturing an image of a tag, an electronic 
device can use any Suitable approach to determine its position 
relative to other devices. In some embodiments, an electronic 
device can know the actual dimensions and shape or other 
attributes of a tag. For example, the electronic device can 
compare the captured image with a library of known tags. As 
another example, a tag can include an identifier or other 
reference indicating to a user one or more properties of the 
tag. The reference can include information describing fea 
tures of the tag relative to a coordinate system. Alternatively, 
the electronic device can contact a remote tag server or other 
information Source that relates to tags to retrieve information 
corresponding to the tag (e.g., retrieve a copy of the tag). 
When the tag is known, the electronic device can compare the 
known tag with the captured image of the tag, and determine 
the orientation of the device relative to the tag. For example, 
the electronic device can determine an angular measurement 
depicting an orientation of the device relative to a portion of 
the tag (e.g., a corner of the tag serves as an origin for a 
reference system). As another example, the electronic device 
can define a position, an orientation, or both in a two or 
three-dimensional reference system relative to the tag. For 
example, the electronic device can define a matrix providing 
positioning information for the device relative to the tag. 
0050. Once the electronic device has determined its posi 
tion or orientation relative to the tag, the electronic device can 
provide the determined position or orientation information to 
other electronic devices positioned around the tag. For 
example, the electronic device can transmit a positioning 
matrix to other devices. As another example, the electronic 
device can instead or in addition receive positioning informa 
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tion from the other devices, and determine the relative posi 
tions of the devices (e.g., which device is to my left, to my 
right). In some embodiments, the electronic device can define 
a map on which all of the devices are positioned to allow a 
user to view the distribution of devices, confirm that the 
device has detected the correct distribution of other devices, 
or combinations of these. In some cases, one or several elec 
tronic devices can instead or in addition retrieve positioning 
information for the other devices, and define a data structure 
depicting the relative positions of all of the devices. For 
example, the one or several electronic devices can define a 
map, or define a circular buffer in which the individual 
devices are ordered based on the devices to the left and right 
of each individual device. The one or several devices can then 
transmit the data structure to the other devices so that all of the 
devices know their relative positions. 
0051. In some embodiments, one or more of the electronic 
devices may not know or have access to information describ 
ing the tag. For example, a device may not know the proper 
ties of one or more cards placed on a Surface to serve as a tag. 
As another example, a device may not know the properties of 
an environment that is serving as a tag for the devices. In Such 
cases, a device may not be able to single handedly determine 
its position or orientation relative to the tag. In particular, an 
electronic device may not be able to determine its distance 
from the tag (although its orientation relative to a reference 
frame of the tag may be detectable, if assumptions are made 
regarding the distribution of a reference frame on the tag). To 
determine the relative positions of several devices, each 
device can transmit a representation (e.g., an image) captured 
by a device sensor of the tag to the other devices. One or 
several devices can compare the different representations of 
the tag captured by the devices, and extract the different 
perspectives of the tag captured by each device. Using the 
extracted perspectives, the one or several electronic devices 
can determine the relative position of several devices. In some 
cases, the one or more electronic devices can determine exact 
positions for each of the devices relative to a reference frame 
(e.g., a reference frame corresponding to the tag). As 
described above, each electronic device can individually 
determine the relative positions of all of the electronic 
devices, or one or more devices can determine the positions of 
the devices and transmit a data structure or other information 
describing the determined positions. 
0052 FIG. 5 is a flowchart of an illustrative process for 
determining the relative position of devices based on a cap 
tured representation of a tag in accordance with one embodi 
ment of the invention. Process 500 can begin at step 502. At 
step 504, the electronic device can capture a representation of 
a tag. For example, the electronic device can use one or more 
sensors (e.g., a camera) to capture a representation (e.g., an 
image) of a tag. At step 506, the electronic device can deter 
mine whether characteristics of the tag are known. For 
example, the electronic device can determine whether the tag 
is one of a library of known tags. As another example, the 
electronic device can determine whether the tag has embed 
ded information describing the characteristics of the tag. The 
characteristics can include, for example, the size of tag or of 
tag elements, orientation information, a reference frame, or 
combinations of these. If the electronic device determines 
that tag characteristics are not known, process 500 can move 
to step 508. 
0053 At step 508, the electronic device can provide the 
captured representation to other devices. For example, the 
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electronic device can transmit, over a communications net 
work, the representation of the tag captured by the device to 
other devices having also captured representations of the tag. 
In particular, the electronic device can transmit the represen 
tation to other devices running a same application as the 
device (e.g., an application requiring the representation), or to 
devices requesting the representation. In some embodiments, 
the electronic device can broadcast the representation Such 
that other devices needing the representation can receive it. At 
step 510, the electronic device can receive, from other devices 
within the communications network, other representations of 
the tag. For example, each of the other devices can individu 
ally capture representations of the tag corresponding to the 
position and orientation of the other devices relative to the 
tag, and can transmit the captured representations to the elec 
tronic device. 

0054. At step 512, the electronic device can compare the 
captured representation of the tag and the received represen 
tations of the tag. For example, the electronic device can 
compare the perspectives of the tag in each of the represen 
tations. As another example, the electronic device can iden 
tify particular features that are shared between the several 
perspectives (e.g., particular shapes that appear sheared or 
compressed in different representations). At step 514, the 
electronic device can determine the relative positions of the 
devices from the comparison of the representations. For 
example, the electronic device can determine, for each 
device, the perspective that each device has of the tag. Process 
500 can then move to step 522. 
0055 Returning to step 508, if the electronic device 
instead determines that characteristics of the tag are known, 
process 500 can move to step 516. At step 516, the electronic 
device can determine the position of the device from the 
captured representation. For example, the electronic device 
can define the position, orientation, or both of a device in 
three-dimensional space relative to an origin incorporated in 
the tag. The position can be expressed using any Suitable 
approach, including for example as a matrix. At step 518, the 
electronic device can provide the determined position to other 
devices. For example, the electronic device can transmit the 
position information to other devices within a communica 
tions network. At step 520, the electronic device can receive, 
from other devices, determined positions of the other devices 
relative to the same tag and reference frame. For example, the 
electronic device can receive a matrix defining the position of 
a device from each of the other devices. In some embodi 
ments, the position information can be provided using differ 
ent coordinate systems (e.g., a rectilinear system or a polar 
system). In such cases, the electronic device can convert one 
or more of the coordinate systems to a single system. 
0056. In some embodiments, an electronic device can 
receive from several different devices both captured repre 
sentations and determined positions. The electronic device 
can then process the received information using both 
branches of process 500 to reach step 522. At step 522, the 
electronic device can define a representation of the relative 
positions of the devices. For example, the electronic device 
can define a graphical representation (e.g., a map) of the 
devices disposed around a tag. As another example, the elec 
tronic device can define a data structure (e.g., a list or stack) 
in which the relative positions of the devices are stored. The 
electronic device can, in some embodiments, provide the 
defined representation to the other devices. This may serve, 
for example, to ensure that all of the devices agree with the 
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determined relative positions of the devices, or to ensure that 
all devices know the relative positions of the devices when 
only a single device determines the relative positions for all of 
the devices. In some cases, each device can define a repre 
sentation for the relative positions of a subset of devices, and 
transmit the subset representation to other devices so that all 
of the devices can construct a complete representation from 
the defined subset representations. By distributing the pro 
cessing load among devices, the devices can more rapidly 
establish a complete representation of the relative device 
positions. Process 500 can then end at step 524. 
0057 The electronic devices can revise or review the rela 
tive positioning of the devices at any Suitable time. In some 
embodiments, the electronic devices can capture new repre 
sentations of a tag at predefined intervals including, for 
example, based on time intervals, device operations (e.g., 
before or after it is a user's turn to play), or detected move 
ment of the device. In particular, an electronic device can 
monitor the output of positioning components, motion detec 
tion components, or other components of the device to deter 
mine whether a device has moved enough to have possibly 
changed positions relative to another device. When an elec 
tronic device determines that it has moved more thana thresh 
old amount, the electronic device can capture a revised rep 
resentation (e.g., a revised image) of the tag. 
0058. The electronic device can determine, from the cap 
tured revised representation, whether the device has changed 
perspective relative to the tag by an amount Such that the 
position of the device relative to other devices may have 
changed. For example, the electronic device can compare the 
captured revised representation and the representations pre 
viously captured by other devices to determine whether the 
captured revised representation corresponds to a perspective 
that changes the previously determined relative positioning of 
the devices. To reduce the processing required by the device, 
the device can, in some embodiments, initially compare the 
captured revised representations with the representations pre 
viously captured by devices determined to be positioned 
immediately adjacent to the device (e.g., devices to the left 
and right of the device). If the electronic device determines 
that the captured revised perspective corresponds to a posi 
tion such that the devices previously adjacent to the device are 
no longer separated by the device, the electronic device can 
continue to compare the captured revised perspective to other 
perspectives previously captured by other devices to deter 
mine its new relative position (e.g., if the revised captured 
perspective is to the left of the perspective of the device 
previously to the left of the device, the electronic device can 
compare the revised captured perspective with the previously 
captured perspective of a device further to the left of the 
device). 
0059. In response to determining that the captured revised 
representation indicates that the relative position of the 
devices may have changed, the electronic device can provide 
the captured revised representation to other devices. For 
example, the electronic device can provide the captured 
revised representation to some or all of the devices that cap 
tured a representation of the tag (e.g., only to the devices that 
are likely to be affected by the change in position of the 
device). The devices can then re-establish the relative posi 
tions of the electronic devices. 

0060. In some embodiments, the electronic device can 
instead or in addition define a revised position from the 
revised captured image. For example, if properties of the tag 
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are known, the electronic device can determine its revised 
position, and compare it with the previously known positions 
of other devices. If the electronic device determines that the 
revised position of the device changes the relative position of 
the electronic devices, the electronic device can transmit 
revised position information to other devices. 
0061 FIG. 6 is a flowchart of an illustrative process for 
determining whether the relative positions of electronic 
devices have changed. Process 600 can begin at step 602. At 
step 604, the electronic device can determine whether move 
ment of the electronic device was detected. For example, the 
electronic device can determine whether the output of posi 
tioning circuitry corresponds to a device movement that 
exceeds a particular threshold. As another example, the elec 
tronic device can determine, from the output of a motion 
detecting component (e.g., an accelerometer or gyroscope), 
whether the device moved more than a threshold amount. If 
no movement of the electronic device is detected, process 600 
can return to step 604 and continue to monitor for device 
movement. If, at step 604, the electronic device instead deter 
mines that movement of the device was detected, process 600 
can move to step 606. 
0062. At step 606, the electronic device can capture a 
revised representation of a tag using an appropriate sensor of 
the electronic device. For example, the electronic device can 
capture an image of the tag using a camera or other optical 
component. At step 608, the electronic device can identify a 
new position of the device from the captured revised repre 
sentation. For example, the electronic device can determine 
positioning information corresponding to the revised repre 
sentation based on attributes of the tag. As another example, 
the electronic device can determine positioning information 
of the device by comparing the captured representation with 
previously captured representations of the tag provided to the 
device by other devices. At step 610, the electronic device can 
determine whether the identified new position corresponds to 
a change in the relative positions of several electronic devices. 
For example, the electronic device can determine whether the 
new position corresponds to a new distribution of electronic 
devices around the tag (e.g., the electronic device has at least 
one new device immediately adjacent to the electronic 
device). If the electronic device determines that the identified 
new position does not correspond to a change in the relative 
positions of the devices, process 600 can move to step 612 and 
end 

0063) If, at step 610, the electronic device instead deter 
mines that the identified new position corresponds to a change 
in the relative positions of the devices, process 600 can move 
to step 614. At step 614, the electronic device can provide at 
least one of the captured revised representation and the iden 
tified new position to other electronic devices. For example, 
the electronic device can transmit its captured revised repre 
sentation so that all of the devices can revise the established 
map of relative device positions. As another example, the 
electronic device can transmit coordinates corresponding to 
its new position to other devices. Process 600 can then end at 
step 612. 
0064. Several electronic devices can performany suitable 

task, or provide any suitable information for a user once the 
relative positions of the several devices have been estab 
lished. In some embodiments, several electronic devices can 
be used to provide directions guiding the users of the several 
electronic devices together, or to provide directions for avoid 
ing one or more of the users of the several electronic devices. 
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This approach may be useful in cases where a device does not 
include positioning circuitry, when the positioning circuitry 
is unable to function (e.g., GPS circuitry when no connection 
can be made to a satellite), or when the positioning circuitry 
is not sufficiently accurate. 
0065. A user can direct an electronic device to provide 
directions to find another electronic device using any Suitable 
approach. In some embodiments, at least one of the electronic 
device and the other electronic device can operate a particular 
application that makes use of the relative positioning infor 
mation. For example, an electronic device can operate an 
application for finding a friend. FIG. 7 is schematic view of an 
illustrative display of an application for finding a path to 
another electronic device in accordance with one embodi 
ment of the invention. Display 700 can include title 702 
indicating the particular type of display provided. In particu 
lar, title 702 can indicate that display 700 can be used to 
identify the location of one or more friends of the user. Dis 
play 700 can include listings 710 of users or friends known to 
the user of the device providing display 700. The particular 
items in listings 710 can be retrieved from any suitable source 
in the electronic device including, for example, from one or 
more items from a contact list of an address book, Social 
networking account, or other sources of people known to the 
USC. 

0066. A user can select one or more friends to find in 
listings 710. For example, the user can provide selections 712 
of one or more of the individual listings. After having selected 
the particular friends that a user wishes to find, the user can 
select done option 720. This may indicate to the application or 
device that the identified friends should be identified. In 
response to receiving an instruction identifying the friends to 
find, the electronic device can provide an indication to the 
friends that the user wishes to find them. For example, the 
electronic device can provide a communication to one or 
more devices of the identified friends in which the device 
directs the one or more devices to capture a representation of 
a tag. In some embodiments, the communication can identify 
the particular tag of which to capture a representation. For 
example, the communication can provide GPS coordinates 
for the tag, or a description of the tag. 
0067. In some embodiments, the tag can be provided by a 
particular site (e.g., by a concert hall or convention center). 
The tag can then be well established for all users, and in some 
cases have a known shape, form, size, location (e.g., GPS 
coordinates), orientation (e.g., compass bearing), or other tag 
characteristics. In some cases, the tag can include an embed 
ded code or other information integrated in the tag from 
which an electronic device can retrieve tag characteristics 
upon capturing a representation of the tag. To ensure that a 
user can determine his location from anywhere within a site, 
the site can include several tags disposed at appropriate loca 
tions. For example, a site can include several tags disposed in 
different areas of the site, such that a user located anywhere or 
almost anywhere on site will have a tag within his field of 
view. Each tag can include location information (e.g., GPS 
coordinates) such that several users capturing images of dif 
ferent tags can still determine their locations (absolute or 
relative to each other). In some cases, a tag can be provided as 
a three-dimensional object, Such that the tag can be captured 
from any perspective (e.g., a cube or a pyramid). The particu 
lar portion of the tag that is captured can include embedded 
information describing the orientation of the captured portion 
or face of the tag. 
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0068. In addition to directing the users friends to capture 
representations of the tag, the electronic device can capture a 
representation of the tag. For example, the application can 
direct the user to orient the device in a particular orientation 
Such that the device can capture a representation of the tag. 
Using the captured representation, and representations of the 
same tag captured by devices of the identified friends, the 
device can determine the relative positioning of the device 
and of the friends devices. For example, the electronic device 
can use one or more of the approaches described above to 
determine the relative position of each of the devices. 
0069. The electronic device can display the relative posi 
tions of the devices using any suitable approach. In some 
embodiments, the electronic device can display a map on 
which pins or other objects are used to represent the different 
devices. FIG. 8 is a schematic view of an illustrative display 
for indicating the positions of several devices in accordance 
with one embodiment of the invention. Display 800 can 
include title 802 identifying the type of information provided 
by the device. For example, title 802 can indicate that the 
device is providing a display by which an electronic device 
provides directions to the devices of other users. Display 800 
can include map 810 of a region in which the several devices 
are found. The map can include any suitable element to assist 
a user in orienting himself such as, for example, furniture, 
fixtures, objects, or other items that a user can see in the region 
or location of the devices. For example, in a concert hall, the 
map can include seating sections, a stage, and representations 
of several levels (e.g., an orchestra level and a balcony level). 
In some embodiments, a user can navigate within the map, for 
example by panning or Scrolling the map, Zooming in and out 
different regions of the map, or selecting displayed items in 
the map to view more detail or additional information. For 
example, the map can include a particular display that can be 
called up by a user, where the display provides a perspective 
of someone located at a particular location within the map. In 
some embodiments, a user can view different floors or levels 
on a map by selectively displaying each floor or level. In some 
embodiments, the map can include a three-dimensional rep 
resentation of a space. In Such cases, a user can navigate 
within the map, including for example navigate along differ 
ent levels or floors of the map (e.g., navigate in X, y and Z 
directions). 
0070 The devices of the user and the users friends can be 
identified by individual markers. For example, marker 820 
can identify the user's device, while markers 822 and 824 can 
identify each friend's device. The particular location of each 
of the user and the user's friend can be determined, as dis 
cussed above, from captured representations of tag 812 (e.g., 
located above the stage, where it is easily visible to all 
devices). The user can select one or more markers to call up 
information regarding the user associated with the marker 
including, for example, contact information, addressing 
information, location trail, Social networking activity, or 
other information that may relate to the user. In some embodi 
ments, the user can select a particular marker to provide a 
communication to the corresponding friend, or to direct an 
application of the user's device to interact with an application 
of the friend's device. For example, a user can select a marker 
to provide a communication directing a friend to meet the user 
at a particular location. As another example, a user can select 
a marker to directa friend to open an application used to share 
recorded information (e.g., share a video of concertgoers 
dancing to music, or a video of a band on stage). 
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0071 Using the marked locations, a user can determine an 
appropriate path to go to the location of one of the user's 
friends. For example, a user can identify several landmarks 
around which a user will need to move to reach a friend. As 
another example, the user can direct the electronic device to 
define a path that the user can follow to reach his friend. The 
resulting path can be provided as a graphical representation 
on map 810, as a sequence of instructions, or as combinations 
of these. For example, path 832 can show a path that user must 
follow from marker 820 to marker 822 identifying a friends 
location. The electronic device can use any suitable approach 
to identify the specific places where a user must turn or 
continue along to follow the defined path including, for 
example, direction based on landmarks or other identifiable 
objects, distances (e.g., in feet or number of steps), directions 
(e.g., compass directions), or combinations of these. 
0072. In some cases, a user can instead or in addition send 
a request to a friend to come to the user, or to meet the user at 
a meeting point. For example, the user can send a communi 
cation to another user inviting the user to come to his location 
(e.g., send a message indicating why the user's current loca 
tion is better than the friend's location, and inviting the friend 
to join the user). As another example, the user can send a 
communication to a friend directing the friend to meet the 
user at a meeting location. The meeting location can be 
selected using any Suitable approach including, for example, 
at or near a midpoint between the user and the friend, at a 
point on a path between the user and a friend, at a convenient 
location on the map (e.g., where the user and friend are 
planning to go next, in a more sparsely populated area to 
increase the chance that the user and friend meet, or in a 
location from which a representation of the tag is easily 
captured to assistinguiding the user and friend to each other). 
In some cases, the user or the friend can instead or in addition 
propose or define a meeting location, or negotiate together to 
define a meeting location. For example, the user can propose 
a meeting location identified by marker 830, which the user's 
friend can elect to accept or decline (and in turn propose an 
alternate meeting location). 
0073. Once the meeting location has been established 
(e.g., the user's location or a different meeting location), the 
electronic device can define a path for at least the user to 
follow to reach the meeting point. For example, the electronic 
device can define path 834 for the user to reach marker 830. In 
Some embodiments, the electronic device can instead or in 
addition define a path from the user's friend to reach the 
meeting point (e.g., path 836 directing the friend of marker 
824 to meeting location 830). The defined path can be trans 
mitted to the users friend using any suitable approach includ 
ing, for example, as part of an application used to display a 
map or to determine a user's position based on a representa 
tion of a captured tag. Alternatively, the user can rely on the 
electronic device of the friend to establish a path to follow to 
reach the meeting location. 
0074 To prevent a user from getting lost as the user travels 
to a meeting point, it may be desirable for the electronic 
device to update the user's position on the map, or to revise 
the path used by the user to reach the meeting location. To 
determine a user's new location, however, the electronic 
device may need a revised representation of the tag as cap 
tured from the user's new location. The electronic device can 
use any Suitable approach for capturing new representations 
of the tag. In some embodiments, the electronic device can 
prompt the user to capture an image of a tag. The prompt can 
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take any suitable form including, for example, a haptic or 
displayed indication. FIG. 9 is a schematic view of an illus 
trative display for prompting a user to capture a new repre 
sentation of a tag in accordance with one embodiment of the 
invention. Display 900 can include some or all of the features 
of display 800 (FIG. 8) including, for example, map 910, tag 
912, user marker 920, meeting location marker 930, and path 
934, which can include some or all of the features of the 
corresponding elements of display 800. The electronic device 
can prompt a user to capture a new representation of a tag by 
displaying prompt 940, for example as a pop-up window. In 
Some cases, other user interface elements can be used instead 
or in addition to prompt the user. The user can select capture 
option 942 to enable one or more sensors to capture a repre 
sentation of tag 912. In some cases, a user may need to 
re-orient the device to align a sensor with the tag (e.g., point 
a camera of the device towards the tag). In response to receiv 
ing a selection of option 942, the electronic device can capture 
a representation, for example by providing a display corre 
sponding to image capturing (e.g., display a camera applica 
tion interface). 
0075. In response to capturing a new image of the tag, the 
electronic device can determine the user's new location, and 
revise the location or position of marker 920 on map 910. If 
the user is following the initial path (e.g., path934) the elec 
tronic device can leave the path displayed as it is. If the user 
instead has veered off the path, the electronic device can 
define a new path for the user, and direct the user to follow the 
new path. The new path can be provided using any suitable 
approach including, for example, as a graphical representa 
tion on the map, as a listing of direction, or as a combination 
of these. 

0076. The electronic device can direct a user to capture 
new representations of the tag at any Suitable interval. In some 
embodiments, the electronic device can define a time-based 
interval, and prompt a user to capture a revised tag represen 
tation when the interval has lapsed (e.g., every 3, 5 or 10 
minutes). In some embodiments, the electronic device can 
instead or in addition monitor the movement of the device to 
predict or evaluate how far a user has moved since a repre 
sentation of the tag was last captured. For example, the elec 
tronic device can monitor the output of a motion-sensing 
component (e.g., an accelerometer or a gyroscope) to deter 
mine how much the device has moved. In particular, the 
electronic device can monitor for an output corresponding to 
walking, running, or travelling in a vehicle. In some embodi 
ments, the electronic device can instead or in addition prompt 
a user to capture a representation based on information cap 
tured by other sensors within the device. For example, the 
electronic device can determine that a new communications 
network (e.g., a new WiFi network) was discovered, that 
location information was received (e.g., information from 
GPS circuitry, or location derived from cellular tower trian 
gulation), values of one or more proximity or infrared sensors 
match particular threshold, or any other sensor output 
matches a particular criteria indicative of possible device 
moVement. 

0077. In some embodiments, the electronic device can 
instead or in addition automatically capture representations 
of the tag without requiring an explicit action from the user. In 
Some cases, one or more sensors of the device (e.g., front and 
rear-facing cameras) can automatically capture representa 
tions of the environment of the device. The electronic device 
can monitor the captured representations, and determine 
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whether one or more of the representations include the tag. If 
the tag is identified, the electronic device can then determine 
the position of the device relative to the tag. So long as the 
electronic device captures representations at Suitable inter 
vals (e.g., Such that the time or distance between two captured 
representations does not exceed a maximum threshold), the 
electronic device can automatically revise the determined 
position of the device without needing to prompt the user. 
0078. The electronic device can attempt to capture repre 
sentations of the tag at any suitable time. In some cases, the 
electronic device can continuously capture representations of 
the device environment in an effort to capture a representation 
of a tag (e.g., continuously while the corresponding applica 
tion is operating, while the user is following directions, or 
when the user interacts with the device or application). In 
Some cases, the electronic device can instead or in addition 
capture representations only at particular times. For example, 
the electronic device can capture representations of the user's 
environment at particular time intervals, in response to detect 
ing particular sensor outputs, or combinations of these. In 
Some embodiments, the electronic device can monitor one or 
more other sensors before directing the device to capture a 
representation of the device environment using an appropri 
ate sensor. For example, the electronic device can monitor a 
proximity sensor or an ambient light sensor to determine 
whether the device is exposed to an environment, or confined 
in a closed space. For example, the electronic device can 
monitor the output of an ambient light sensor to determine 
whether the device is in a user's pocket, or in a users hand. As 
another example, the electronic device can monitor a motion 
sensing component, after having determined that the device is 
in the user's pocket, to determine whether the user has taken 
the device out of his pocket. 
0079 If the electronic device determines that no represen 
tation of the tag has been automatically captured for a par 
ticular duration (e.g., a time or event-based duration, as 
described above), the electronic device can prompt the user to 
capture a representation. The electronic device can use any 
Suitable approach to prompt the user including, for example, 
providing a displayed prompt (e.g., as shown in display 900, 
FIG. 9), providing a haptic or tactile indication (e.g., causing 
the device to vibrate), providing an audio prompt, or any other 
prompt that the user can feel or detect. 
0080. In some embodiments, several devices can interact 
based on the relative position of the devices. For example, 
Some applications can make use of the relative position of 
devices to inform the manner in which the applications per 
form. In some embodiments, applications provided on several 
devices can each receive instructions or interactions from 
their respective users. The interactions can be shared among 
the devices (e.g., as part of the applications) to allow the users 
to interact with the same content or information together. 
Some applications, however, can require user inputs to be 
provided in a specific order. For example, some game appli 
cations can be played by users providing inputs in a known 
sequence. In particular, card games can often require cards to 
be distributed to different users in a particular order, or can 
require users to play cards in a particular order. Alternatively, 
a game play can require users to pass cards or other game 
elements to specific users playing the game (e.g., challenge a 
particular user with your cards). To provide an enjoyable 
experience, it may be desirable for the devices to seamlessly 
control the game play based on the relative position of the 
devices. 
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0081 FIG. 10 is a schematic view of an illustrative system 
of devices sharing information to perform an application in 
accordance with one embodiment of the invention. System 
1000 can include devices 1010, 1020, 1030 and 1040. In some 
embodiments, system 1000 can have a different number of 
devices, though only four are shown to avoid overcomplicat 
ing the drawing The devices can be positioned in the vicinity 
or aroundtag 1002, such that the devices can determine their 
relative positions by capturing representations of the tag. Tag 
1002 can be provided by one or more of the users of the 
devices, or can be identified in the device environment. The 
electronic devices can be positioned around a tag (e.g., in a 
circle around the tag), or the tag can be located outside of a 
region enclosed by the devices (e.g., such that, for at least one 
device, there is another device between the device and the 
tag). 
I0082 Each device 1010, 1020, 1030 and 1040 can operate 
an application that involves sharing information between the 
devices. For example, each device can operate an application 
that includes shared information displayed on all of the 
devices, and personal information displayed on individual 
devices only. In particular, device 1010 can include shared 
information 1012 and personal information 1014, device 
1020 can include shared information 1022 and personal infor 
mation 1024, device 1030 can include shared information 
1032 and personal information 1034, and device 1040 can 
include shared information 1042 and personal information 
1044, where some or all of shared information 1012, 1022, 
1032 and 1042 are the same. In the particular example of FIG. 
10, the shared information can include several cards usable by 
any player in a card game (e.g., poker), while the personal 
information can include several cards that are used only the 
user (e.g., hole cards). 
0083. In many card games, cards can be distributed by a 
dealer in a particular order. Users can then play in the same 
order in which cards were dealt. In the example of FIG. 10, 
devices 1010, 1020, 1030 and 1040 can determine their rela 
tive positions such that the applications operating on each 
device can coordinate to ensure that each device receives 
cards, or plays cards, in an appropriate order. For example, 
cards can be dealt in clockwise or counterclockwise order 
with a new dealer each round. Users can place their bets and 
change cards (if allowable), in the dealing order. The appli 
cations can coordinate to only allow the proper user to play by 
preventing other users (e.g., users other than the one whose 
turn it is to play) for providing inputs corresponding to the 
game play (e.g., place abet, fold, request cards, etc.). When a 
user whose turn it is to play provides an appropriate instruc 
tion to the application, the application of the user's device can 
share the user's play with the other devices, and allow the 
device associated with the next user to play. 
0084. The applications can share data corresponding to the 
game play (or application operation) using any Suitable 
approach. In some embodiments, an application operating on 
one of the devices can serve as an anchor for the other appli 
cations. The anchor application can provide the shared infor 
mation to the devices, and distribute private information in a 
manner that is consistent with the game play (e.g., distribute 
cards from a single deck) to each of the devices. The particu 
lar device serving as an anchor can change over time, for 
example based on device availability, game play (e.g., the 
device corresponding to the dealer serves as the anchor), 
device resources, or other criteria. In some embodiments, 
several devices can initially share information corresponding 
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to the operation of the application such that, after the initial 
sharing, the amount of data that may need to be transferred 
between the devices can be reduced. For example, the devices 
can initially agree on a card deck and card order within the 
deck. Having that information, each device can run through 
the sequence of cards that are played without requiring 
receiving, from each device, the particular cards that were 
used. For example, if a user asks for one new card, all of the 
electronic devices can remove the top card from the pre 
defined sequence, and continue the game. Using this 
approach, each device will not need to receive, from the 
device of the user receiving the card, the particular card that 
was received. The information to share during the game play 
can then be limited to bets or decisions to fold. In some 
embodiments, the particular application, and the impact of a 
users interaction with the information on the other users, can 
determine how much the individual devices must communi 
cate during the operation of the application. 
0085. In some embodiments, one or more devices that are 
not used by a particular user to interact with the application 
(e.g., a device that is not used to play a game) can be used to 
serve as an anchor, display shared information, provide a tag, 
or provide other functions to the devices used to interact with 
the application. For example, one or more devices can be used 
as a playing Surface. In one implementation, a host device 
(e.g., an iPad, available from Apple Inc.) having a display can 
provide a tag used by the individual devices to determine the 
relative positioning of the devices. The host device can oper 
ate an application corresponding to the common application 
used by the devices such that shared information can be 
displayed by the host device. At appropriate times, each user 
can provide an instruction corresponding to the operation of 
the application (e.g., an instruction for playing the game) 
using the user's device, which can in turn provide the instruc 
tion to the host device. The host device can adjust its display 
based on the user provided instruction, and enable a Subse 
quent device to interact with the application. A device receiv 
ing an instruction can share the instruction only with the host 
device, or can in Some cases also transmit the instruction to 
other devices operating the application (e.g., to allow users 
that cannot see the host device display to play the game as 
well). 
I0086 FIG. 11 is a flowchart of an illustrative process for 
interacting with an application based on the relative position 
of devices in accordance with one embodiment of the inven 
tion. Different parts of process 1100 can be performed by 
different devices including, for example, a device used by a 
user to interact with an application, or a device serving as a 
host for a common application (e.g., a host device providing 
a playing surface for other devices). Process 1100 can beginat 
step 1102. At step 1102, an electronic device can determine 
the relative position of several devices. For example, the 
electronic device and other devices can capture a representa 
tion of a tag, and determine their relative positions from the 
representation. At step 1106, the electronic device can operate 
a common application with the other devices. For example, 
the electronic device can operate a game or other application 
that involves or requires several devices to interact together. 
At step 1108, the electronic device can identify an order in 
which the devices are to interact with the application. For 
example, the electronic device can define a sequence in which 
different devices can provide instructions corresponding to 
the operation of the application (e.g., an order in which 
devices play in a game). The particular order can stay the 
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same or vary over time, for example based on the operation of 
the application (e.g., based on who wins or loses a particular 
hand). In some embodiments, step 1106 can be performed 
before step 1104. In some embodiments, one or both of steps 
1104 and 1108 can be performed as part of step 1106. 
0087. At step 1110, the electronic device can determine 
whether it is the device's turn to interact with the application. 
For example, the electronic device can determine whether it 
has received an indication from another device that it is autho 
rized to provide an instruction to the application. As another 
example, the electronic device can monitor the interactions of 
other devices to determine whether another device immedi 
ately preceding the device in the identified order (e.g., iden 
tified at step 1108) has provided an instruction to interact with 
the application. If the electronic device determines that it is 
not the device's turn to interact with the application, process 
1100 can return to step 1110 and continue to monitor for an 
indication that the device can interact with the application. If 
at step 1110, the electronic device instead determines that it is 
the turn of the device to interact with the application, process 
1100 can move to step 1112. 
0088 At step 1112, the electronic device can receive an 
instruction corresponding to an interaction with the applica 
tion. For example, the electronic device can receive an 
instruction that corresponds to a play using private or shared 
information of the application (e.g., the device receives an 
instruction to play in a card game). At step 1114, the elec 
tronic device can share the received instruction with other 
devices. For example, the electronic device can share the 
instruction with some or all of the other devices displaying 
operating the application. As another example, the electronic 
device can share the received instruction with a host device 
serving as an anchor for the application. At step 1116, the 
electronic device can indicate to the next device in the iden 
tified order that it can interact with the application. For 
example, the electronic device can transfer a token or other 
code enabling the device to interact with the application. As 
another example, the electronic device can direct a host 
device to indicate to the next device in the sequence of devices 
that it may interact with the application (or a host device can 
automatically send Such an indication to the next device in the 
sequence). Process 1100 can then end at step 1118. 
0089. In some embodiments, a device may provide an 
instruction corresponding to passing or not interacting with 
the application for a particular duration. For example, a user 
can elect to fold during a hand in a card game. In Such cases, 
the electronic device can modify the order in which devices 
interact with the application (e.g., at step 1108) so that the 
device does not get an opportunity to interact with the appli 
cation. Alternatively, the electronic device can instead skip 
steps 1112 and 1114, and directly indicate to the following 
device in the sequence that it may interact with the applica 
tion. 

0090 Some applications used by several devices can 
include the display of common information. For example, 
Some applications can include the display of virtual content or 
information within a captured representation of the device 
environment. In particular, some applications can overlay one 
or more virtual elements over an image captured of an envi 
ronment. Although the following discussion will be provided 
in the context of providing virtual content on a captured 
image or video, it will be understood that virtual content can 
be provided on any representation captured by the electronic 
device. FIG. 12 is a schematic view of an illustrative system 
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of several devices displaying the same virtual content in 
accordance with one embodiment of the invention. System 
1200 can include electronic device 1210 and electronic 
device 1220. In some embodiments, system 1200 can have a 
different number of devices, though only two are shown to 
avoid overcomplicating the drawing. The devices can be posi 
tioned in the vicinity of or around tag 1202, such that the 
devices can determine their relative positions by capturing 
representations of the tag. Tag 1202 can be provided by one or 
more of the users of the devices, or can be identified in the 
device environment. The electronic devices can be positioned 
around a tag (e.g., in a circle around the tag), or the tag can be 
located outside of a region enclosed by the devices (e.g., Such 
that, for at least one device, there is another device between 
the device and the tag). 
0091. Each of devices 1210 and 1220 can capture an image 
or video of the device environment using an appropriate sen 
sor Such as, for example, a camera. The perspective of the 
environment captured by each device can vary, for example 
based on the position of each device relative to the environ 
ment. In some embodiments, devices 1210 and 1220 can 
operate a same or different application to provide different 
functionality to a user. In some cases, an application can cause 
the display of virtual content overlaid on a captured image of 
the device environment. In particular, electronic device 1210 
can include display 1212 in which environment 1214 and 
virtual content 1216 are displayed, while device 1220 can 
include display 1222 in which environment 1224 and virtual 
content 1226 are displayed. In some cases, virtual content 
1216 and 1226 can correspond to the same virtual content 
(e.g., provided by a same application operating in conjunction 
on both devices). 
0092 Electronic devices 1210 and 1220 can display the 
virtual content from any suitable perspective. In some 
embodiments, the electronic devices can display the virtual 
content from a same perspective, which each user can then 
change. For example, a user can move the electronic device 
around the virtual location of the displayed virtual content to 
See other perspectives of the content. Alternatively, a user can 
interact directly with the content on the device display, and 
cause the content to move, rotate, or otherwise change. In the 
particular example shown in displays 1212 and 1222, the 
virtual content is displayed from the same perspective, even 
though the background, corresponding to the device environ 
ment, is different. 
0093. In some cases, the virtual content can instead be 
considered to be an integral part of the environment of the 
devices. In Such an implementation, the perspective of the 
virtual content provided by each device would differ, as each 
device has a different perspective of the environment (e.g., as 
shown from the images captured of the environment by each 
device). FIG. 13 is a schematic view of illustrative displays of 
virtual content from different perspectives in accordance with 
one embodiment of the invention. Display 1312 can corre 
spond to a display provided by electronic device 1210 (FIG. 
12), and display 1322 can correspond to a display provided by 
electronic device 1220 (FIG. 12). The particular perspectives 
of each device can correspond to the positions and orienta 
tions of the devices relative to tag 1202 (FIG. 12). Display 
1312 can include environment 1314 and virtual content 1316 
(corresponding to environment 1214 and virtual content 
1216, FIG. 12). In particular, the perspectives displayed for 
the environment and virtual content can be the same or similar 
as those of display 1212. Display 1322 can include environ 
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ment 1324 and virtual content 1326 (corresponding to envi 
ronment 1224 and virtual content 1226, FIG. 12). In contrast 
with the perspectives displayed in display 1222, however, the 
displayed perspective of virtual content 1326 can differ from 
the displayed perspective of virtual content 1226 (e.g., the 
position of the blackbox within the white box can change). In 
particular, virtual content 1326 can be considered to be static 
or fixed within the environment, and therefore will appear 
differently from the perspectives of devices 1210 and 1220. 
0094. The different electronic devices can provide the 
same virtual content for display using any suitable approach. 
In some embodiments, the virtual content can include one or 
more elements that are displayed on all devices operating an 
application providing the virtual content (e.g., shared virtual 
content). In Such cases, each device can have available to it, 
using the application operating on the device, information 
defining the virtual content and expressing a manner in which 
the virtual content is to be displayed. For example, an appli 
cation can include information defining a static or animated 
object to display in a captured environment. In some embodi 
ments, it may be desirable to display the same virtual content 
in the same location within an environment. The devices 
displaying the virtual content can then, in Some cases, define 
an initial location and orientation for the content. For 
example, the virtual content can be displayed on the tag, and 
oriented relative to a coordinate system of the tag. 
0095. When a device moves in the environment, the per 
spective of the device of the virtual content can change. For 
example, the perspective of the same virtual content is differ 
ent in displays 1312 and 1322. A device can retrieve infor 
mation describing the manner in which to display virtual 
content based on the device perspective using any Suitable 
approach. In one implementation, a device can have locally 
stored sufficient information to define the virtual content from 
several or all perspectives. For example, a device can include 
a three-dimensional definition of the virtual content. In such 
cases, in response to determining that the virtual content 
should be displayed in a new perspective, the electronic 
device can determine, from the definition, a manner in which 
to display the content. For example, the electronic device can 
determine the appearance of the content from a particular 
perspective. 
0096. In another implementation, an electronic device can 
instead or in addition not have a complete definition of the 
virtual content, or include only a partial definition that cannot 
be applied to a requested perspective (or to an initial perspec 
tive). To display the properperspective for the virtual content, 
the electronic device can request, from another device (or a 
host device) having the complete definition, or a device hav 
ing at least a partial definition that includes the requested 
perspective, Sufficient information for displaying the virtual 
content. For example, the electronic device can request a 
complete or partial definition of the virtual content. As 
another example, the electronic device can request an image 
corresponding to the displayed perspective of the virtual con 
tent. In such cases, a particular device having a complete or 
partial definition file for the virtual content can process the 
requested perspective to determine the appearance of the 
virtual content, and transmit an image corresponding to the 
determined appearance to the requesting device. This 
approach may be desirable in situations where, for example, 
the device displaying the virtual content has limited process 
ing resources, or when there is a fast communications path 
available between the device displaying the virtual content 
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and the particular device processing requests received from 
one or more devices. The other device can include, for 
example, another device displaying the virtual content (e.g., 
another device used by another user), a host device or other 
device serving as an anchor for the display of the virtual 
content, or a combination of these. In some embodiments, 
several devices can combine to send aggregated information 
to the device for displaying the virtual content from the 
requested perspective. 

0097. In some embodiments, the virtual content can 
include content that is provided by a device for display by 
other devices, but not by the device providing the virtual 
content. For example, the virtual content can include anavatar 
representing the user of the device in the device environment 
(e.g., in a first person game). The device to which the avatar 
corresponds, therefore, may not display the avatar in a cap 
tured image of the device environment, although other 
devices may. In one implementation, a device can determine 
whether another device is within the field of view of an image 
captured by the device. For example, a device can determine, 
from the relative position of the other device as determined 
using the tag, whether the other device is within a field of view 
of a camera used to capture images of the device environment. 
If the device determines that the other device is within the 
field of view, and may therefore appearin a captured image of 
the environment, the electronic device can display an avatar 
or other virtual content associated with the other device in a 
position corresponding to that of the device. For example, the 
device can replace the image of the other device with the 
avatar, or can instead or in addition display the avatar in 
addition to the image of the other device. 
0098. The electronic device displaying the avatar can 
retrieve information for displaying the avatar from any Suit 
able source. In some embodiments, the application operating 
on the device can include one or more avatars available to 
display to represent other devices. In response to determining 
that an avatar is to be displayed, the electronic device can 
automatically select an avatar, or receive a selection of a 
particular avatar from the user of the other device represented 
by the avatar, or receive a selection from the device user. In 
Some embodiments, the electronic device can store an asso 
ciation between a particular other device and a displayed 
avatar. The avatars can be generic or customizable. For 
example, a user can customize an avatar corresponding to a 
particular other device. As another example, another device 
can send customization information for the other device. The 
customized avatar can then serve, in Some ways, as a personal 
virtual calling card. 
0099. In some embodiments, the device for which the 
avatar is displayed can instead or in addition provide infor 
mation for defining the avatar to the other devices to enable 
the other devices to display the avatar. For example, the 
device can broadcast a definition file to other users operating 
the same application. As another example, several devices can 
exchange their avatars as part of an initialization step of the 
application, or during the use of the application (e.g., in 
response to detecting that an avatar should be displayed, or 
may soon need to be displayed). In some embodiments, a host 
device used by one or more devices operating the application 
can instead or in addition serve as a repository for different 
virtual content. Each device needing to display a particular 
virtual element can retrieve or receive display information 
from the host device. 
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0100. In some embodiments, one or more devices can 
instead or in addition interface or interact with virtual content. 
For example, one or more devices can direct the virtual con 
tent to be animated in a particular manner. As another 
example, one or more devices can change an attribute of the 
displayed virtual content (e.g., change a color or a shape of the 
virtual content). As still another example, one or more devices 
can direct the virtual content to perform a particular action 
within the context of the application (e.g., direct virtual con 
tent to walk to a particular location and look around). As still 
yet another example, one or more devices can direct several 
instances of virtual content to interact with each other (e.g., in 
a game application, several devices each control a different 
instance of virtual content, and direct the different instances 
to fight to win the game). 
0101. Several approaches can be used to display interac 

tive virtual content. In a first approach, the content can be 
displayed Such that only the device interacting with the con 
tent sees the particular interaction. In other words, every 
device may display the virtual content in a different manner. 
This approach, however, may defeat the purpose of having 
several devices interact together, as each device may end up 
displaying virtual content independently of the other devices. 
0102. In a second approach, the interactions of a device 
with displayed virtual content can appear on the displays of 
other devices. In other words, the interaction of each device 
with the virtual content may be propagated across the differ 
ent devices displaying the content. Any Suitable approach can 
be used to ensure that all of the devices displaying the virtual 
content detect an interaction with the content, and display the 
interaction or the result of the interaction. Devices can moni 
tor for interactions with virtual content, and update or revise 
the displayed virtual content at any suitable time. In some 
embodiments, it may be sufficient to revise displayed virtual 
content at different intervals. For example, in an application 
where several users each take turns interacting with content 
(e.g., turns based on the relative position of devices), it may be 
sufficient for devices to update or revise displayed virtual 
content at the end of each turn, or before beginning of each 
turn. In Such cases, the displayed virtual content can be modi 
fied by only a single device at any point in time, where the 
particular device is determined from a pre-defined order in 
which devices can interact with the virtual content (e.g., as 
determined by the relative position of the devices). 
0103) In some embodiments, it may instead be desirable to 
update the displays of some or all of the devices in real-time 
or in near real-time (i.e., at rates faster than predetermined 
intervals, as above). In Such cases, it may be necessary for 
each device to share the instructions received by the device 
with respect to the virtual content when they are received. In 
addition, each device may need to receive the instructions 
provided by users of other devices with respect to the same 
virtual content. Each device can process the instructions 
detected by an input interface of the device and the instruc 
tions received from other devices to determine how to adjust 
the display of the virtual content. The different instructions 
can include time stamps to ensure that virtual content is 
modified in a consistent manner for all devices (e.g., so that 
lags or delays due to transferring instructions between 
devices has a minimized effect). 
0104 Several devices can share information describing 
the interactions of the devices with virtual content using any 
Suitable approach. In some embodiments, the manner in 
which interactions are shared can depend on the manner in 
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which the virtual content is provided to the different devices. 
In one implementation, some or all of the devices displaying 
the virtual content can include complete or sufficiently com 
plete definitions of the virtual content (e.g., a complete defi 
nition for a range of likely perspectives of the virtual content). 
In response to receiving an input from a user oran instruction 
received from another device to interact with displayed vir 
tual content, the devices can determine how to modify the 
display of the virtual content to incorporate the user interac 
tion, and display the modified virtual content. The transmitted 
interaction can include, for example, a combination of inputs 
detected by an electronic device, instructions for interacting 
with the virtual content as interpreted from the detected 
inputs, information describing a modification of the virtual 
content, or combinations of these. Upon receiving a transmis 
Sion, an electronic device can apply the interaction of the 
transmission to the displayed perspective of the virtual con 
tent. In some cases, a particular interaction of a first device 
may not change the appearance of the virtual content on a 
second device due to differences in displayed perspectives of 
the virtual content between the two devices. 

0105. An electronic device can associate timing informa 
tion with transmitted interactions. This can allow each device 
to determine an order in which a sequence of interactions by 
several devices is to be applied to the virtual content. In some 
cases, a particular interaction can be ignored or disregarded 
because it involved portions of the virtual content that were 
modified before the particular interaction was received. In 
some cases, the electronic device on which the particular 
interaction was provided can indicate to its user that the 
interaction was not implemented. 
0106. In some embodiments, one or more electronic 
devices can have an insufficient definition of the virtual con 
tent. For example, one or more electronic devices can receive 
information regarding the virtual content from a host device 
serving as an anchor, or from another electronic device. 
Because the devices may not have definition information for 
the virtual content, the devices may not know how to modify 
the displayed virtual content in response to receiving a par 
ticular interaction. Instead, the electronic device can transmit 
the interaction to the host device, which can aggregate some 
or all of the interactions received from the different devices. 
The host device can apply the interactions to the virtual con 
tent (e.g., based on the order received or on a time stamp), and 
define revised perspectives of the virtual content for each 
device. For example, the host device can apply interactions to 
a defined model of the virtual content, and determine how the 
model changes in response to the interactions. The host 
device can then transmit, to each device, a revised perspective 
of the virtual content corresponding to each device. Using this 
approach, the host device may send revised perspectives for 
every received interaction, for every sequence of received 
interactions (e.g., every 5 interactions, or once interactions 
are received from 3 different devices), at particular intervals 
(e.g., every 1, 5, 30 or 60 seconds), or combinations of these. 
In some embodiments, the host device may also send revised 
perspectives to devices moving relative to the tag or to the 
virtual content, whether or not a device interacted with the 
virtual content. 

0107. In some embodiments, several electronic devices 
can provide different instances of virtual content to display 
simultaneously on at least two devices. For example, two 
devices used to play a game can each provide an avatar or 
game element for display by at least the two devices. Any 
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Suitable approach can be used to ensure that the interactions 
and perspectives of the several instances of virtual content are 
displayed in a consistent manner by several devices. In some 
embodiments, each device can provide definition information 
to the other devices for the virtual content provided by the 
device. Using this approach, each device can include Suffi 
cient definition information to independently process differ 
ent interactions by different devices with the several instances 
of virtual content (including interactions by devices with 
instances of virtual content that they did not provide). This 
approach may also allow all of the devices to define and 
display interactions between displayed instances of virtual 
content. For example, each device can determine how to 
display a first avatar hit by a second avatar (e.g., the defini 
tions of both avatars are known, so the effect of contact 
between the avatars can be defined). 
0108. In some embodiments, each device defining a par 

ticular instance of virtual content can instead or in addition 
provide appropriate representations of the particular instance 
of virtual content to other devices. In other words, other 
devices may not include information defining the instance of 
virtual content, and may need to rely on the device for images 
depicting the appearance and perspective of the virtual con 
tent. In this implementation, a device providing the instance 
of virtual content can detect interactions from the user of the 
device with the instance of virtual content, as well as receive 
instructions to interact with the instance of virtual content 
from other devices. The device can aggregate the detected and 
received interactions, and determine a revised appearance and 
perspective of the instance of virtual content for each of the 
other devices displaying the content. The device can then 
transmit images corresponding to the revised perspectives of 
the instance of virtual content to each of the other devices. 

0109. In addition, the same device can instead or in addi 
tion interact with another instance of virtual content provided 
and defined by another device. The device can then transmit 
its interactions with the other instance of virtual content to the 
other device. The device can receive back from the other 
device one or more images corresponding to changes in the 
perspective or appearance of the other instance of virtual 
COntent. 

0110. The following example will illustrate several 
devices displaying common virtual content used as part of a 
game. Several devices can initially determine their relative 
positions based on captured representations of a tag. For 
example, several devices operating an application corre 
sponding to the game can be placed around a tag. The devices 
can capture representations of the tag, which can then be 
shared to determine the relative positions of the devices. In 
addition, each electronic device can define a coordinate sys 
tem based on the tag that can be common with the other 
electronic devices. The common coordinate system can be 
used to display virtual content corresponding to a game in a 
similar manner on each of the devices. 

0111 FIGS. 14A and 14B are schematic views of illustra 
tive displays of virtual content with which several users can 
interact in accordance with some embodiments of the inven 
tion. Display 1400, shown in FIG. 14A, can include tower 
1410 of game elements. For example, tower 1410 can be 
constructed by stacking different blocks. A user can play the 
game by removing a game element (e.g., game element 1412) 
from tower 1410, and replacing the game element on the top 
of the tower. If the user causes the tower to topple when the 
user removes the game element, the user can lose. If the user 
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Successfully moves a game element, the following user (e.g., 
using a different device) can interact with the tower. Several 
users can interact with the same tower using different devices. 
For example, display 1400 can be provided by a device of a 
first user, where the device has a first perspective relative to 
the tag, which can serve to provide a reference frame for 
displaying the tower. 
0112 Several devices used by different users can display 
the tower and game elements so that users of the different 
devices can play the game together. In some cases, the par 
ticular portion or perspective of the displayed tower and game 
elements can correspond to a perspective of a device relative 
to the tag. Display 1420, shown in FIG. 14B, can include 
tower 1430 of game elements (including game element 
1432), which can correspond to tower 1410 and game ele 
ment 1410. In particular, the virtual content provided on 
display 1420 can be the same as the virtual content displayed 
in display 1400, but displayed from a different perspective. 
0113. Each user can interact with the game elements pro 
vided on the displays of individual devices using any Suitable 
approach. In some embodiments, a user can interact with a 
game element using an input interface of the device. For 
example, a user can use a touch Surface, button, dial.joystick, 
or other input interface to select or move one or more game 
elements. In some embodiments, a user can interact with a 
game element by controlling the output of one or more sen 
sors within the device. For example, a user can control the 
stability with which the user removes a game element from 
the tower based on the output of one or more motion detection 
components within the device. Each user can interact in turn 
with the displayed game elements, for example in an order 
determined from the relative position of the devices. As each 
user moves a game element, some or all of the user's device 
and other devices can display the movement of the game 
element. This can allow each user playing the game to moni 
tor the flow of the game. 
0114. In some embodiments, several users can play a 
game in which each user provides virtual content that inter 
acts together as part of the game. FIGS. 15A and 15B are 
schematic views of illustrative displays provided by an appli 
cation in which virtual content provided by several users can 
be displayed in accordance with some embodiments of the 
invention. Display 1500, shown in FIG.15A, can include card 
1510 provided by a first user and card 1520 provided by a 
second user. Card 1510 can include attributes 1512, while 
card 1520 can include attributes 1522. Based on attributes of 
the cards, the first and second users can battle and determine 
a victor. The card attributes can include, for example, points, 
life values, attack and defense strength, performance statis 
tics (e.g., sporting statistics corresponding to a particular 
sport), or other quantities that can be compared. In some 
embodiments, a user can provide one or more inputs to 
dynamically adjust one or more of the card characteristics 
during game play. In the example of FIGS. 15A and 15B, the 
cards and game can correspond to a sports related game in 
which players corresponding to each card can oppose each 
other. 

0115 Each of cards 1510 and 1520 can include any suit 
able attributes, including similar attributes or complimentary 
attributes. In the example of display 1500, attributes 1512 of 
card 1510 can correspond to pitching statistics (e.g., ERA, 
hits, strikeouts, runs, and WHIP), while attributes 1522 of 
card 1520 can correspond to hitting statistics (e.g., batting 
average, home runs, hits, OBP, and SLG). The cards can 
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correspond to particular players, whose names can be indi 
cated on each card. To enhance the users’ experience with the 
game, each card can be associated with an avatar performing 
a game action in relation with the card attributes. The avatar 
can be displayed using any suitable approach, including for 
example appear to be growing from the card. In the example 
of display 1500, card 1510 can include hitting avatar 1514, 
while card 1520 can include pitching avatar 1516. The users 
can interact with the avatars to play a game. 
0116. Display 1550, shown in FIG. 15B, can include cards 
1560 and 1570, and associated avatars 1564 and 1574 corre 
sponding to the cards and avatars displayed in display 1500. 
Each user can interact with the avatar 1564 or 1574 provided 
by the user for use in the application. For example, each user 
can provide an input using one or more input interfaces, or can 
manipulate the device Such that one or more sensor outputs 
control the movement or action of the avatars. In some cases, 
the users inputs can modify an avatar action within param 
eters determined from the attributes of each card. For 
example, the attributes of a particular card can determine a 
range of accuracies or strengths with which aparticularavatar 
can throw or hit a ball, and the users input can determine at 
what value within the ranges the avatar operates. The particu 
lar display provided for each device can be the same or differ. 
In some cases, each user can view the avatars from a perspec 
tive corresponding to the relative position of the user. 
0117 FIG. 16 is a flowchart of an illustrative process for 
adjusting the display of virtual content on several devices in 
accordance with one embodiment of the invention. Process 
1600 can begin at step 1602. At step 1604, an electronic 
device can identify virtual content to display. For example, 
the electronic device can receive an instruction from a user of 
the device to display particular virtual content. As another 
example, the electronic device can receive a communication 
from another device to display particular virtual content. At 
step 1606, the electronic device can determine whether a 
definition of the virtual content is available to the device. For 
example, the electronic device can determine whether infor 
mation defining particular virtual content is locally stored by 
the device. If the electronic device determines that a definition 
of the virtual content is not available, process 1600 can move 
to step 1608. At step 1608, the electronic device can retrieve 
a definition of the virtual content from a remote source. For 
example, the electronic device can receive information defin 
ing particular virtual content from another device providing 
the content, or from a host device. Process 1600 can then 
move to step 1610. 
0118) If, at step 1606, the electronic device instead deter 
mines that definition information for the virtual content is 
available, process 1600 can move to step 1610. At step 1610, 
the electronic device can detect interactions with the virtual 
content from an input interface of the device. For example, the 
electronic device can detect a user input using an interface, 
where the input directs the device to interact with the virtual 
content (e.g., move the virtual content, or change a charac 
teristic or attribute of the virtual content). At step 1612, the 
electronic device can receive interactions with the virtual 
content from other devices. For example, the electronic 
device can receive a communication from another device 
describing an interaction of a user of the other device with the 
virtual content. At step 1614, the electronic device can aggre 
gate the detected and received interactions with the virtual 
content. For example, the electronic device can define a queue 
or sequence of interactions with the virtual content. In some 
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embodiments, process 1600 can skip step 1614 and move to 
step 1616 each time an instruction to interact with the virtual 
content is detected or received. 

0119. At step 1616, the electronic device can determine 
how to adjust the display of the virtual content based on the 
aggregated instructions. For example, the electronic device 
can apply the aggregated instructions in a particular order 
(e.g., in the order in which they were received, or based on 
timing information) to the definition of the virtual content. 
The electronic device can then determine how to adjust or 
change the appearance of the virtual content based on the 
interactions. At step 1618, the electronic device can display 
the virtual content using the determined adjustments. For 
example, the electronic device can display the virtual content 
in a new configuration. As another example, the electronic 
device can display an animation of the virtual content as it 
moves from its initial appearance or configuration to the 
adjusted appearance or configuration. Process 1600 can per 
form steps 1616 and 1618 at any suitable interval including, 
for example, each time an interaction is detected or received, 
based on a status of an application providing the virtual con 
tent, at timed intervals, or combinations of these. Process 
1600 can then end at step 1620. 
I0120 FIG. 17 is a flowchart of an illustrative process for 
changing the appearance of virtual content displayed by an 
electronic device in accordance with one embodiment of the 
invention. Process 1700 can begin at step 1702. At step 1704, 
a host device can identify virtual content displayed by one or 
more electronic devices. For example, the host device can 
identify one or more electronic devices operating an applica 
tion used to display virtual content, and the virtual content 
displayed by those devices. At step 1706, the host device can 
receive interactions of one or more of the devices with the 
virtual content. For example, the host device can receive 
instructions from one or more devices to change one or more 
attributes or characteristics of the displayed virtual content. 
As another example, the host device can receive instructions 
from one or more devices interacting with a displayed game 
element. At step 1708, the host device can aggregate the 
received instructions. For example, the host device can define 
a queue or sequence of interactions with the virtual content. In 
some embodiments, process 1700 can skip step 1708 and 
move to step 1710 each time an instruction to interact with the 
virtual content is received. 

I0121. At step 1710, the host device can determine how to 
adjust the display of the virtual content based on the aggre 
gated instructions. For example, the host device can apply the 
aggregated instructions in a particular order (e.g., in the order 
in which they were received, or based on timing information) 
to the definition of the virtual content. The host device can 
then determine how to adjust or change the appearance of the 
virtual content based on the interactions. 

I0122. At step 1712, the host device can select an electronic 
device displaying the identified virtual content. For example, 
the host device can select one of several devices operating an 
application used to display the virtual content. At step 1714, 
the host device can identify the perspective of the selected 
device relative to the virtual content. For example, the host 
device can determine the perspective of the device relative to 
a tag, and the orientation and position of the virtual content 
relative to the same tag. At step 1716, the host device can 
define an image of the adjusted virtual content corresponding 
to the identified perspective of the selected device. For 
example, the host device can determine the appearance of the 
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adjusted virtual content from the device perspective using the 
definition information of the virtual content. At step 1718, the 
host device can transmit the defined image to the device for 
display. For example, the host device can transmit the image 
so that it can be used by an appropriate application of the 
electronic device. 

0123. At step 1720, the host device can determine whether 
all devices were selected. For example, the host device can 
determine whether all devices that do not have a complete 
definition of the virtual content have been selected. As 
another example, the host device can determine whether all of 
the devices displaying the virtual content have received 
images corresponding to the adjusted display of the virtual 
content. In some embodiments, the host device can skip 
devices for which the displayed perspective and appearance 
of the virtual content does not change following the interac 
tions with the virtual content. For example, a device having a 
perspective of a backside of virtual content may not see any 
difference in appearance of the virtual content following an 
interaction with a frontside of the virtual content. If the host 
device determines that all of the devices have not been 
selected, process 1700 can return to step 1712 and select 
another device. If, at step 1720, the host device instead deter 
mines that all of the devices were selected process 1700 can 
move to step 1722 and end. 
0.124. Any suitable electronic device can be used to pro 
vide some or all of the features described in connection with 
embodiments of this invention. For example, the electronic 
device can include cellular telephone, a messaging device, a 
gaming console, a personal media player, a desktop or note 
book computer, a slate, tablet, or pad computing device, a 
medical device, exercise equipment, or any other electronic 
device. FIG. 18 is a schematic view of an electronic device in 
accordance with one embodiment of the invention. Electronic 
device 1800 may include processor 1802, storage 1804, 
memory 1806, input interface 1808, display interface 1810, 
and communications circuitry 1812. In some embodiments, 
one or more of electronic device components 1800 may be 
combined or omitted (e.g., combine storage 1804 and 
memory 1806, or omit input interface 1808). In some embodi 
ments, electronic device 1800 may include other components 
not combined or included in those shown in FIG. 18 (e.g., a 
power Supply, a bus, positioning circuitry, or other input or 
outer interfaces), or several instances of the components 
shown in FIG. 18. For the sake of simplicity, only one of each 
of the components is shown in FIG. 18. 
0.125 Processor 1802 may include any processing or con 

trol circuitry operative to control the operations and perfor 
mance of electronic device 1800. For example, processor 
1802 may be used to run operating system applications, firm 
ware applications, media playback applications, media edit 
ing applications, or any other application. In some embodi 
ments, a processor may drive a display and process inputs 
received from a user interface. 

0126 Storage 1804 may include, for example, one or more 
storage mediums including a hard-drive, Solid state drive, 
flash memory, permanent memory Such as ROM, any other 
Suitable type of storage component, or any combination 
thereof. Storage 1804 may store, for example, media data, 
application data, firmware, user preference information, and 
any other Suitable information or any combination thereof. 
Memory 1806 can include cache memory, semi-permanent 
memory such as RAM, and/or one or more different types of 
memory used for temporarily storing data. In some embodi 
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ments, memory 1806 can also be used for storing data used to 
operate electronic device applications, or any other type of 
data that may be stored in storage 1804. In some embodi 
ments, memory 1806 and storage 1804 may be combined as a 
single storage medium. 
I0127. Input interface 1808 may provide inputs to input/ 
output circuitry of the electronic device. Input interface 1808 
may include any suitable input interface, Such as for example, 
a button, keypad, dial, a click wheel, or a touch screen. In 
some embodiments, electronic device 1800 may include a 
capacitive sensing mechanism, or a multi-touch capacitive 
sensing mechanism. 
I0128 Display interface 1810 can be operatively coupled 
to processor 1802 for providing visual outputs to a user. 
Display interface 1810 can include any suitable type of dis 
play including, for example, a liquid crystal display (LCD) 
(e.g., active matrix, passive matrix and the like), a mono 
chrome display, color graphics adapter (CGA) display, 
enhanced graphics adapter (EGA) display, variable-graphics 
array (VGA) display, super VGA display, cathode ray tube 
(CRT), a plasma display, a display implemented with elec 
tronic inks, or any other Suitable display. Display interface 
1810 can be configured to display a graphical user interface 
that can provide an easy to use interface between a user of the 
computer system and the operating system or application 
running on the system. 
I0129. Communications circuitry 1812 can be operative to 
communicate with other devices or with one or more servers 
using any suitable communications protocol. Electronic 
device 1800 can include one more instances of communica 
tions circuitry for simultaneously performing several com 
munications operations using different communications net 
works. For example, communications circuitry may support 
Wi-Fi (e.g., a 802.11 protocol), Ethernet, BluetoothTM (which 
is a trademark owned by Bluetooth Sig, Inc.), radio frequency 
systems, cellular networks (e.g., GSM, AMPS, GPRS, 
CDMA, EV-DO, EDGE, 3GSM, DECT, IS-136/TDMA, 
iDen, LTE or any other suitable cellular network or protocol), 
infrared, TCP/IP (e.g., any of the protocols used in each of the 
TCP/IP layers), HTTP, FTP, RTP, RTSP, SSH, Voice over IP 
(VOIP), any other communications protocol, or any combi 
nation thereof. In some embodiments, communications cir 
cuitry 1812 may include one or more communications ports 
operative to provide a wired communications link between 
electronic device 1800 and a host device. For example, a 
portable electronic device may include one or more connec 
tors (e.g., 30 pin connectors or USB connectors) operative to 
receive a cable coupling the portable electronic device to a 
host computer. Using Software on the host computer (e.g. 
iTunes available from Apple Inc.), the portable electronic 
device may communicate with the host computer. 
0.130. In some embodiments, electronic device 1800 may 
include a bus operative to provide a data transfer path for 
transferring data to, from, or between control processor 1802, 
storage 1804, memory 1806, input interface 1808, display 
interface 1810, communications circuitry 1812, and any other 
component included in the electronic device. 
I0131 Although many of the embodiments of the present 
invention are described herein with respect to personal com 
puting devices, it should be understood that the present inven 
tion is not limited to personal computing applications, but is 
generally applicable to other applications. 
0.132. The invention is preferably implemented by soft 
ware, but can also be implemented in hardware or a combi 
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nation of hardware and software. The invention can also be 
embodied as computer readable code on a computer readable 
medium. The computer readable medium is any data storage 
device that can store data which can thereafter be read by a 
computer system. Examples of the computer readable 
medium include read-only memory, random-access memory, 
CD-ROMs, DVDs, magnetic tape, and optical data storage 
devices. The computer readable medium can also be distrib 
uted over network-coupled computer systems so that the 
computer readable code is stored and executed in a distributed 
fashion. 
0133. Insubstantial changes from the claimed subject mat 

ter as viewed by a person with ordinary skill in the art, now 
known or later devised, are expressly contemplated as being 
equivalently within the scope of the claims. Therefore, obvi 
ous Substitutions now or later known to one with ordinary 
skill in the art are defined to be within the scope of the defined 
elements. 
0134. The above-described embodiments of the invention 
are presented for purposes of illustration and not of limitation. 

1. A method for displaying virtual content on a display, 
comprising: 

capturing an image of an environment; 
detecting a tag in the captured image; 
displaying virtual content on a display, wherein the virtual 

content is displayed from a particular perspective corre 
sponding to an orientation of the device relative to the 
tag, 

receiving, from another device, an instruction to interact 
with the displayed virtual content; and 

modifying the display of the virtual content to reflect the 
received instruction. 

2. The method of claim 1, further comprising: providing 
the virtual content to the other device for display. 

3. The method of claim 2, further comprising: detecting 
another instruction to interact with the displayed virtual con 
tent using an input interface of the device; and modifying the 
display of the virtual content to reflect the detected other 
instruction. 

4. The method of claim 3, further comprising: providing 
the detected other instruction to the other device. 

5. The method of claim 1, wherein displaying further com 
prises: displaying the virtual content overlaid in the captured 
image, wherein the position of the virtual content in the 
captured image is selected relative to a position of the tag. 

6. The method of claim 1, further comprising: 
identifying a plurality of instructions to interact with the 

displayed virtual content, wherein the plurality of 
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instructions comprise instructions received from at least 
one other device and instructions detected from an input 
interface of the device; 

determining an order in which the identified plurality of 
instructions were identified; and 

applying the identified plurality of instructions to the dis 
played virtual content in the determined order. 

7. The method of claim 6, further comprising: retrieving 
time stamps associated with each of the identified plurality of 
instructions. 

8. The method of claim 1, wherein modifying the display 
further comprises: 

controlling an aspect of movement of the virtual content. 
9-13. (canceled) 
14. A method for playing a multi-player game, comprising: 
receiving a selection of a first avatar by a first device; 
receiving a selection of a secondavatar by a second device; 
displaying the selected first and second avatars on the first 

device; 
displaying the selected first and second avatars on the sec 

ond device; 
receiving an instruction from one of the first and second 

devices to interact with one of the displayed first and 
secondavatars, wherein the instruction to interact results 
in a change in the display of the one of the displayed first 
and second avatars; 

changing the display, on the first device, of the one of the 
first and second avatars based on the received instruc 
tion; and 

changing the display, on the second device, of the one of the 
first and second avatars based on the received instruc 
tion. 

15.-19. (canceled) 
20. A computer readable media for displaying virtual con 

tent on a display, the computer readable media comprising 
computer program logic recorded thereon for: 

capturing an image of an environment; 
detecting a tag in the captured image: 
displaying virtual content on a display, wherein the virtual 

content is displayed from a particular perspective corre 
sponding to an orientation of the device relative to the 
tag, 

receiving, from another device, an instruction to interact 
with the displayed virtual content; and modifying the 
display of the virtual content to reflect the received 
instruction. 


