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SYSTEMS, METHODS, AND MEDIA FOR DISPLAYING INTERACTIVE
AUGMENTED REALITY PRESENTATIONS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is based on, claims the benefit of, and claims priority to U.S.

Provisional Application No. 62/430,179, filed December 5, 2016, U.S. Provisional

Application No. 62/479,214, filed March 30, 2017, U.S. Provisional Application

No. 62/492,832, filed May 1, 2017, U.S. Provisional Application No. 62/560,869, filed

September 20, 2017. Each of the preceding applications is hereby incorporated herein by

reference in its entirety for all purposes.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH

[0002] N/A

BACKGROUND

[0003] Devices for presenting augmented reality content and/or virtual reality content

have recently become more prevalent. It is relatively easy to present virtual reality content to

a group of individuals that may or may not share a physical space, as the experience is

completely immersive and the content can be presented in a common frame of reference into

which one or more users can be inserted. For example, a virtual reality presentation can

include a scene captured by one or more cameras (e.g., a nature scene, a sporting event, etc.),

and multiple users accessing the content can be placed in the same location within the

content, but those users may be presented with different fields of view depending on the

orientation selected by the user. As another example, a virtual reality presentation can

include computer generated content, and users can participate in an interactive experience in

which the various users can be placed within the computer generated content at various

locations, and may be able to interact with one another. In such an example, the content can

have a universal frame of reference, and the content presented to a user can be based on the

user's location and orientation with respect to the universal frame of reference. Although

virtual reality content has the potential to allow for interaction between users within the

context of the content, interaction between users in their physical space is severely limited

due to the completely immersive nature of virtual reality. By contrast, while devices that

present augmented reality content can allow users to interact with the physical environment

and each other with relative ease, presenting the same content to multiple users is more



difficult as different augmented reality devices used by users in the same room may not use

the same coordinate system. Accordingly, even if different users were viewing the same

augmented reality content, the content may not be presented in correspondence with the same

physical space, may have a different orientation, etc. Moreover, augmented reality devices

generally are not configured to coordinate to present content according to instructions from a

presenter.

[0004] Accordingly, new systems, methods, and media for displaying interactive

augmented reality presentations are desirable.

SUMMARY

[0005] In accordance with some embodiments of the disclosed subject matter,

systems, methods, and media for displaying interactive augmented reality presentations are

provided.

[0006] In accordance with some embodiments of the disclosed subject matter, a

system for displaying interactive augmented reality presentations is provided, the

system comprising: a plurality of head mounted displays, wherein a first head mounted

display of the plurality of head mounted displays comprises: a transparent display; and

at least one processor, wherein the at least one processor is programmed to: determine

that a first physical location of a plurality of physical locations in a physical environment

of the head mounted display is located closest to the head mounted display; receive first

content comprising a first three dimensional model; receive second content comprising

a second three dimensional model; present, using the transparent display, a first view of

the first three dimensional model at a first time; and present, using the transparent

display, a first view of the second three dimensional model at a second time subsequent

to the first time based on one or more instructions received from a server.

[0007] In some embodiments, the at least one processor is further programmed to

receive the instructions from the server at a third time that is subsequent to the first

time and precedes the second time, wherein the one or more instructions include at

least one instruction to cause the first head mounted display to cease presenting the

first content and begin presenting the second content in response to receiving the one

or more instructions.

[0008] In some embodiments, the system further comprises the server, wherein the

server: receives an indication that the second content is to be presented; and in

response to receiving the indication that the second content is to be presented,



transmits the one or more instructions to at least the first head mounted display.

[0009] In some embodiments, the system further comprises a second head

mounted display of the plurality of head mounted displays, wherein the second head

mounted display comprises at least one second processor, wherein the at least one

second processor is programmed to cause the second head mounted display to act as

the server.

[0010] In some embodiments, the first content and the second content are

received as part of a corpus of content prior to presenting the first content.

[0011] In some embodiments, the first content is received prior to the first time

and the second content is received subsequent to the first time.

[0012] In some embodiments, the at least one processor is further programmed to

request the second content in response to receiving the indication that the second

content is to be presented.

[0013] In some embodiments, the at least processor is further programmed to

receive the second content from the server as pushed content to be presented without

transmitting a request for the second content.

[0014] In some embodiments, the system further comprises a head tracking system,

wherein the at least one hardware processor is further programmed to: receive an

indication that the first content is to be presented at a first physical location of a

plurality of physical locations in a physical environment of the first head mounted

display; receive an indication that the second content is to be presented at a second

physical location of the plurality of physical locations in the physical environment of the

first head mounted display; present, using the transparent display, the first view of the

first three dimensional model at the first physical location based at least in part on a

first head position in relation to the first physical location determined from information

output by the head tracking system; determine, based on information output by the

head tracking system, a second head position in relation to the first physical location

that is different than the first head position; in response to determining the second head

position, present a second view of the first three dimensional model based on the

second head position; determine that the second physical location of the plurality of

physical locations in the physical environment of the head mounted display is located

closest to the head mounted display of the plurality of physical locations; in response to

determining that the second physical location is located closest to the head mounted

display of the plurality of physical locations, present the second three dimensional



anchored at the second physical location.

[0015] In some embodiments, the at least one hardware processor is further

programmed to inhibit presentation of the first three dimensional model at the first

physical location in response to determining that the second physical location is located

closest to the head mounted display of the plurality of physical locations.

[0016] In some embodiments, the head tracking system comprises an inertial

measurement unit.

[0017] In some embodiments, the at least one processor is further programmed to

request the second content from the server in response to determining that the head

mounted display moved into closer proximity to the second physical location.

[0018] In some embodiments, the at least processor is further programmed to

receive the second content from the server as pushed content to be presented without

transmitting a request for the second content.

[0019] In some embodiments, the system further comprises: a computing device

comprising: at least one input device; and at least one third processor that is

programmed to: receive input from the input device indicating that the first content is

to be associated with the first physical location, and that the second content is to be

associated with the second physical location; and transmit information to a server

indicating that the first content is to be associated with the first physical location, and

that the second content is to be associated with the second physical location, wherein

the information is formatted as an Extensible Markup Language (XML) document.

[0020] In some embodiments, the system further comprises: a user input device

configured to communicate with the first head mounted display, wherein the user input

device comprises: a second inertial measurement unit; and at least one fourth

processor that is programmed to: transmit information indicative of physical

movements of the user input device to the first head mounted display; and wherein the

at least one processor of the first head mounted display is further programmed to:

present a first user interface element in connection with the first three dimensional

model in a location that is based on the information indicative of physical movements of

the user input device; and transmit information to a server indicating the location of the

user interface element in relation to the first three dimensional model; and a second

head mounted display of the plurality of head mounted displays comprising at least one

fifth processor that is programmed to: receive one or more instructions from the server

indicating the location at which the user interface element is to be presented in relation



to the first three dimensional model; present the user interface element at a location

with respect to the first three dimensional model based on the information received

from the server related to the location of the user interface element in relation to the

first three dimensional model.

[0021] In some embodiments, the user interface element is presented as a dot at

the location.

[0022] In some embodiments, the system further comprises at least one image

capture device, wherein the at least one processor is further programmed to: capture an

image of a code displayed by a mobile computing device; and transmit information

encoded in the image to a server to cause the first head mounted display to be paired

with the mobile computing device.

[0023] In some embodiments the at least one processor is further programmed to:

prompt a user to log in to a service provided at least in part by the server using the

mobile computing device; and prompt the user to capture the image of the code to log in

the first head mounted display to the service.

[0024] In some embodiments, the first physical location is associated with at least

a first section of the physical environment on a first side of a barrier in the physical

environment and a second section of the physical environment on the first side of the

barrier, and the second physical location is associated with at least a third section of the

physical environment on a second side of the barrier and a fourth section of the physical

environment on the second side of the barrier, the second section being disposed

between the first section and the third section in the physical environment, and wherein

the at least one hardware processor is configured to: determine that the first head

mounted display is disposed within the first section; in response to determining that the

first head mounted display is disposed within the first section, present the first content

at the first physical location; determine that the first head mounted display has moved

into the third section; and in response to determining that the first head mounted

display has moved into the third section, present the second content at the second

physical location.

[0025] In some embodiments, the at least one hardware processor is configured

to: receive third content comprising a third three dimensional model; determine that

the first head mounted display has moved into the fourth section; in response to

determining that the first head mounted display has moved into the fourth section, load

the third content into working memory of the first head mounted display; determine



that the first head mounted display has moved from the fourth section into the first

section; and in response to determining that the first head mounted display has moved

from the fourth section into the first section, present the third content that was loaded

in the working memory of the first head mounted display.

[0026] In some embodiments, the system further comprises a server, wherein the

server is programmed to: receive information about the position of the first head

mounted display during presentation of the first content by the first head mounted

display during a first time period; receive video that corresponds to a field of view of a

wearer of the first head mounted display captured during the first time period; record

the information about the position of the first head mounted display; record the video

corresponding to the field of view of the first head mounted display during the first time

period; receive information about the position of a second head mounted display during

presentation of the first content by the second head mounted display during the first

time period; receive video that corresponds to a field ofview of a wearer of the second

head mounted display captured during the first time period; record the information

about the position of the second head mounted display; record the video corresponding

to the field of view of the second head mounted display during the first time period;

receive, from a first computing device, a request to present content recorded during the

first time period; and cause the first computing device to simultaneously: present the

first content; present a first avatar in a first position relative to the first content based

on the recorded information about the position of the first head mounted display;

present a second avatar in a second position relative to the first content based on the

recorded information about the position of the second head mounted display; a first

window showing a portion of the video captured by the first head mounted display

when the first head mounted display was at the first position; and a second window

showing a portion of the video captured by the second head mounted display when the

second head mounted display was at the second position.

[0027] In some embodiments, the server is further programmed to: present, in

connection with the first avatar, a first user interface element indicative of the line of

sight of the wearer of the first head mounted display; and present, in connection with

the second avatar, a second user interface element indicative of the line of sight of the

wearer of the second head mounted display.

[0028] In some embodiments, a second head mounted display of the plurality of

head mounted displays comprises: a virtual reality display; and at least one processor,



wherein the at least one processor is programmed to: receive the first content; receive

the second content; present, using the virtual reality display, the first view of the first

three dimensional model at the first time; and present, using the virtual reality display,

the first view of the second three dimensional model at the second time subsequent to

the first time.

[0029] In accordance with some embodiments of the disclosed subject matter, another

system for displaying interactive augmented reality presentations is provided, the

system comprising: a plurality of head mounted displays, wherein each of the plurality

of head mounted displays is configured to: receive content from a server including first

content and second content; present the first content based at least in part on proximity

of the head mounted display to a first physical location in a physical environment,

wherein a first head mounted display of the plurality of head mounted displays and a

second head mounted display of the plurality of head mounted displays that are located

near the first physical location at a first time simultaneously present the first content at

the first physical location with the same orientation with respect to the first physical

location based on proximity to the first physical location; and present the second

content based at least in part on proximity of the first head mounted display to a second

physical location in the physical environment, wherein a third head mounted display of

the plurality of head mounted displays and a fourth head mounted display of the

plurality of head mounted displays that are located near the second physical location at

the first time simultaneously present the second content at the second physical location

with the same orientation with respect to the second physical location based on

proximity to the second physical location.

[0030] In accordance with some embodiments of the disclosed subject matter, a

system for displaying interactive content is provided, the system comprising: a head

mounted display, comprising a virtual reality display, wherein the head mounted

display is configured to: receive content including first content, second content, and

third content; receive first presentation information and second presentation

information; present, based on the first presentation information, the first content at a

first location based at least in part on proximity of a location of the head mounted

display to the first location in an environment; present, based on the first presentation

information, the second content at a second location based at least in part on proximity

of the head mounted display to a second location in the environment; and present,

based on the second presentation information, the third content at a first location based



at least in part on proximity of a location of the head mounted display to the first

location in an environment.

[0031] In accordance with some embodiments of the disclosed subject matter, a

method for displaying interactive augmented reality presentations is provided, the

method comprising: determining that a first physical location of a plurality of physical

locations in a physical environment of a head mounted display is located closest to the

head mounted display; receive first content comprising a first three dimensional model;

receive second content comprising a second three dimensional model; present, using a

transparent display, a first view of the first three dimensional model at a first time; and

present, using the transparent display, a first view of the second three dimensional

model at a second time subsequent to the first time based on one or more instructions

received from a server.

[0032] In accordance with some embodiments of the disclosed subject matter, another

method for displaying interactive augmented reality presentations is provided, the

method comprising: receiving content from a server including first content and second

content; presenting, by a head mounted display, the first content based at least in part

on proximity of the head mounted display to a first physical location in a physical

environment, wherein the first head mounted display of the plurality of head mounted

displays and a second head mounted display of the plurality of head mounted displays

that are located near the first physical location at a first time simultaneously present the

first content at the first physical location with the same orientation with respect to the

first physical location based on proximity to the first physical location; and presenting,

by the head mounted display, the second content based at least in part on proximity of

the first head mounted display to a second physical location in the physical

environment, wherein a third head mounted display of the plurality of head mounted

displays and a fourth head mounted display of the plurality of head mounted displays

that are located near the second physical location at the first time simultaneously

present the second content at the second physical location with the same orientation

with respect to the second physical location based on proximity to the second physical

location.

[0033] In accordance with some embodiments of the disclosed subject matter, a

method for displaying interactive content is provided, the method comprising: receiving

content including first content, second content, and third content; receiving first

presentation information and second presentation information; presenting, based on



the first presentation information and using a virtual reality display of a head mounted

display, the first content at a first location based at least in part on proximity of a

location of the head mounted display to the first location in an environment; presenting,

based on the first presentation information and using the virtual reality display, the

second content at a second location based at least in part on proximity of the head

mounted display to a second location in the environment; and presenting, based on the

second presentation information and using the virtual reality display, the third content

at a first location based at least in part on proximity of a location of the head mounted

display to the first location in an environment.

[0034] In accordance with some embodiments of the disclosed subject matter, a non-

transitory computer readable medium containing computer executable instructions that, when

executed by a processor, cause the processor to perform a method for displaying interactive

augmented reality presentations is provided, the method comprising: determining that

a first physical location of a plurality of physical locations in a physical environment of a

head mounted display is located closest to the head mounted display; receive first

content comprising a first three dimensional model; receive second content comprising

a second three dimensional model; present, using a transparent display, a first view of

the first three dimensional model at a first time; and present, using the transparent

display, a first view of the second three dimensional model at a second time subsequent

to the first time based on one or more instructions received from a server.

[0035] In accordance with some embodiments of the disclosed subject matter, another

non-transitory computer readable medium containing computer executable instructions that,

when executed by a processor, cause the processor to perform a method for displaying

interactive augmented reality presentations is provided, the method comprising:

receiving content from a server including first content and second content; presenting,

by a head mounted display, the first content based at least in part on proximity of the

head mounted display to a first physical location in a physical environment, wherein the

first head mounted display of the plurality of head mounted displays and a second head

mounted display of the plurality of head mounted displays that are located near the first

physical location at a first time simultaneously present the first content at the first

physical location with the same orientation with respect to the first physical location

based on proximity to the first physical location; and presenting, by the head mounted

display, the second content based at least in part on proximity of the first head mounted

display to a second physical location in the physical environment, wherein a third head



mounted display of the plurality of head mounted displays and a fourth head mounted

display of the plurality of head mounted displays that are located near the second

physical location at the first time simultaneously present the second content at the

second physical location with the same orientation with respect to the second physical

location based on proximity to the second physical location.

[0036] In accordance with some embodiments of the disclosed subject matter, a non-

transitory computer readable medium containing computer executable instructions that, when

executed by a processor, cause the processor to perform a method for displaying interactive

content is provided, the method comprising: receiving content including first content,

second content, and third content; receiving first presentation information and second

presentation information; presenting, based on the first presentation information and

using a virtual reality display of a head mounted display, the first content at a first

location based at least in part on proximity of a location of the head mounted display to

the first location in an environment; presenting, based on the first presentation

information and using the virtual reality display, the second content at a second location

based at least in part on proximity of the head mounted display to a second location in

the environment; and presenting, based on the second presentation information and

using the virtual reality display, the third content at a first location based at least in part

on proximity of a location of the head mounted display to the first location in an

environment.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] Various objects, features, and advantages of the disclosed subject matter

can be more fully appreciated with reference to the following detailed description of the

disclosed subject matter when considered in connection with the following drawings, in

which like reference numerals identify like elements.

[0038] FIG. 1 shows an example of a head mounted display that can be used in

accordance with some embodiments of the disclosed subject matter.

[0039] FIG. 2 shows an example of a system of networked head mounted displays in

accordance with some embodiments of the disclosed subject matter.

[0040] FIG. 3A shows an example of a system for interacting with a presented image

in accordance with some embodiments of the disclosed subject matter.

[0041] FIG. 3B shows an example of another system for interacting with a presented

image in accordance with some embodiments of the disclosed subject matter.



[0042] FIG. 4 shows an example of hardware that can be used to implement at least

one head mounted display, at least one server, and at least one user input device in

accordance with some embodiments of the disclosed subject matter.

[0043] FIG. 5 shows an example of an information flow among a user computing

device selecting and/or uploading content and/or a presentation to a server, and a head

mounted display receiving the content and presenting the content in accordance with the

presentation in accordance with some embodiments of the disclosed subject matter.

[0044] FIG. 6 shows an example of a process for distributing content to one or more

head mounted displays in accordance with some embodiments of the disclosed subject

matter.

[0045] FIG. 7 shows an example of a process for generating an augmented reality

presentation using a head mounted display in accordance with some embodiments of the

disclosed subject matter.

[0046] FIG. 8 shows an example of a user device and a head mounted display

performing a pairing operation with a server in accordance with some embodiments of the

disclosed subject matter.

[0047] FIG. 9 shows an example of an information flow among a user device, a

server, and ahead mounted display during a login and/or pairing operation as described

above in connection with FIG. 8 in accordance with some embodiments of the disclosed

subject matter.

[0048] FIG. 10 shows an example of an information flow among a first head mounted

display, a server, and a second head mounted display to associate a 3D model with a user of

the first head mounted display (e.g., as an avatar) and present the 3D model by the second

head mounted display in accordance with some embodiments of the disclosed subject matter.

[0049] FIG. 11 shows an example of a display space for presenting various models in

a sequence in accordance with some embodiments of the disclosed subject matter.

[0050] FIG. 12 shows an example of a process for presenting a sequence of content in

a limited physical space in accordance with some embodiments of the disclosed subject

matter.

[0051] FIG. 13A shows an example of a first review mode in which a user of a first

head mounted display and a user of a second head mounted display are interacting with a

virtual accident victim in accordance with some embodiments of the disclosed subject matter.

[0052] FIG. 13B shows an example of another view of the scene shown in FIG. 13A

at a different point in time in accordance with some embodiments of the disclosed subject



matter.

[0053] FIG. 13C shows an example of a bird's eye view of the scene shown in

FIGS. 13A and 13B at yet another time in accordance with some embodiments of the

disclosed subject matter.

[0054] FIG. 13D shows an example of a replay of an augmented reality session in

accordance with some embodiments of the disclosed subject matter.

[0055] FIG. 14 shows an example of a process for reviewing media recorded by one

or more head mounted displays in accordance with some embodiments of the disclosed

subject matter.

DETAILED DESCRIPTION

[0056] Before any embodiments of the disclosed subject matter are explained in

detail, it is to be understood that the disclosed subject matter is not limited in its application

to the details of construction and the arrangement of components set forth in the following

description or illustrated in the following drawings. The disclosed subject matter is capable

of other embodiments and of being practiced or of being carried out in various ways. Also, it

is to be understood that the phraseology and terminology used herein is for the purpose of

description and should not be regarded as limiting. The use of "including," "comprising," or

"having" and variations thereof herein is meant to encompass the items listed thereafter and

equivalents thereof as well as additional items. Unless specified or limited otherwise, the

terms "mounted," "connected," "supported," and "coupled" and variations thereof are used

broadly and encompass both direct and indirect mountings, connections, supports, and

couplings. Further, "connected" and "coupled" are not restricted to physical or mechanical

connections or couplings.

[0057] The following discussion is presented to enable a person skilled in the art to

make and use embodiments of the disclosed subject matter. Various modifications to the

illustrated embodiments will be readily apparent to those skilled in the art, and the generic

principles herein can be applied to other embodiments and applications without departing

from embodiments of the disclosed subject matter. Thus, embodiments of the disclosed

subject matter are not intended to be limited to embodiments shown, but are to be accorded

the widest scope consistent with the principles and features disclosed herein. The following

detailed description is to be read with reference to the figures, in which like elements in

different figures have like reference numerals. The figures, which are not necessarily to

scale, depict selected embodiments and are not intended to limit the scope of embodiments of



the disclosed subject matter. Skilled artisans will recognize the examples provided herein

have many useful alternatives and fall within the scope of embodiments of the disclosed

subject matter.

[0058] In accordance with some embodiments of the disclosed subject matter,

mechanisms (which can include systems, methods and/or media) for displaying interactive

augmented reality presentations are provided. In some embodiments, a user can generate an

interactive presentation that is to be presented using augmented reality devices. For example,

an instructor can create and/or select content to be used in displaying various holograms (e.g.,

3D models, charts, 2D graphics, etc.) to aid in the understanding of concepts that the

instructor is trying to convey to students. In a more particular example, the instructor can

create a variety of different holograms showing different aspects of human anatomy.

[0059] In some embodiments, a user can select different portions of the interactive

presentation for presentation at different physical locations, different virtual locations, and/or

different times. For example, the instructor can place different 3D models of human anatomy

that illustrate different concepts (or the same concepts in different ways) into an ordered

presentation, and/or can assign the different 3D models of human anatomy to different

physical locations (e.g., stations as described below in connection with FIG. 2) and/or virtual

locations (e.g., presentation spaces within a virtual museum, as described below in

connection with FIGS. 10 and 11). In a more particular example, the instructor can discuss

what is shown in a series of 3D models (e.g., in a similar fashion to a slide show), while

students have the opportunity to move around the models freely while listening to and/or

interacting with the instructor. After finishing the presentation, the different models can be

presented at different physical and/or virtual locations (e.g., in accordance with instructions

entered by the instructor when constructing the presentation), and students can freely move

between the different models to further explore the concepts discussed in class.

[0060] In some embodiments, a user can use one or more user input devices to

highlight one or more locations in content that is being presented through an augmented

reality device worn by the user. The same location(s) can be highlighted by other augmented

reality devices that are presenting that same content to one or more other users. For example,

an instructor can use the augmented reality device to view a 3D model, and can use the

augmented reality device and/or a separate device as a virtual "laser pointer" to highlight one

or more features in the 3D model being presented by the augmented reality device worn by

the instructor. In such an example, a corresponding pointer can be replicated by other

augmented reality devices worn by the instructor's students at the same place on the same 3D



model.

[0061] In some embodiments, multiple augmented reality devices can be networked

with a common server or servers to provide relevant content based on time and/or the

location of the augmented reality devices. For example, as described above, the instructor

can assign different 3D models to different physical spaces. In such an example, the server

can transmit only the content for the space closest to a particular student. This can allow for

the instructor to make a large amount of content available, without overwhelming the

individual augmented reality devices. Additionally or alternatively, this can allow for

collaboration between different students (or other users) by making inputs provided by a first

user (e.g., via a "laser pointer" used by the instructor) available to be seen on a hologram

projected by a second user's device (e.g., a student's augmented reality device). Further,

providing content and/or instructions from the server to similarly situated augmented reality

devices can facilitate collaboration by wearers of the different augmented reality devices by

insuring that the various augmented reality devices are all presenting the same content.

[0062] Although the mechanisms described herein are generally described in

connection with use in a classroom setting, the mechanisms can be configured for use in a

variety of applications. For example, the mechanisms described herein can be configured to

provide interactive augmented reality museum displays, to provide multi-player augmented

reality game experiences, to provide collaborative work spaces when creating 3D designs

with a large amount of detail, etc.

[0063] FIG. 1 shows an example 100 of a head mounted display (HMD) that can be

used in accordance with some embodiments of the disclosed subject matter. As shown in

FIG. 1, head mounted display 100 can include a display processor 104 and a transparent

display 102 that can be used to present images, such as holographic objects, to the eyes of a

wearer of HMD 100. In some embodiments, transparent display 102 can be configured to

visually augment an appearance of a physical environment to a wearer viewing the physical

environment through transparent display 102. For example, in some embodiments, the

appearance of the physical environment can be augmented by graphical content (e.g., one or

more pixels each having a respective color and brightness) that is presented via transparent

display 102 to create an augmented reality environment. Additionally or alternatively, in

some embodiments, transparent display 102 can be configured to render a fully opaque

virtual environment (e.g., by using one or more techniques to block the physical environment

from being visible through HMD 100). In some such embodiments, HMD 100 can be used to

present a virtual reality environment.



[0064] As shown in FIG. 1, in some embodiments, transparent display 102 can

include one or more image producing elements (e.g., display pixels) located within lenses 106

(such as, for example, pixels of a see-through Organic Light-Emitting Diode (OLED)

display). Additionally or alternatively, in some embodiments, transparent display 102 can

include a light modulator on an edge of the lenses 106.

[0065] In some embodiments, HMD 100 can include various sensors and/or other

related systems. For example, HMD 100 can include a gaze tracking system 108 that can

include one or more image sensors that can generate gaze tracking data that represents a gaze

direction of a wearer's eyes. In some embodiments, gaze tracking system 108 can include

any suitable number and arrangement of light sources and/or image sensors. For example, as

shown in FIG. 1, the gaze tracking system 108 of HMD 100 can utilize at least one inward

facing sensor 109. In some embodiments, a user can be prompted to permit the acquisition

and use of gaze information to track a position and/or movement of the user's eyes.

[0066] In some embodiments, HMD 100 can include a head tracking system 110 that

can utilize one or more motion sensors, such as motion sensors 112 shown in FIG. 1, to

capture head pose data that can be used to track a head position of the wearer, for example,

by determining the direction and/or orientation of a wearer's head. In some embodiments,

head tracking system 110 can include an inertial measurement unit configured as a three-axis

or three-degree of freedom position sensor system.

[0067] In some embodiments, head tracking system 110 can also support other

suitable positioning techniques, such as Global Positioning System (GPS) or other global

navigation systems. Further, while specific examples of position sensor systems have been

described, it will be appreciated that any other suitable position sensor systems can be used.

For example, head pose and/or movement data can be determined based on sensor

information from any suitable combination of sensors mounted on the wearer and/or external

to the wearer including but not limited to any number of gyroscopes, accelerometers, inertial

measurement units (IMUs), GPS devices, barometers, magnetometers, cameras (e.g., visible

light cameras, infrared light cameras, time-of-flight depth cameras, structured light depth

cameras, etc.), communication devices (e.g., Wi-Fi antennas/interfaces, Bluetooth, etc.), etc.

[0068] In some embodiments, HMD 100 can include an optical sensor system that

can utilize one or more outward facing sensors, such as optical sensor 114, to capture image

data of the environment. In some embodiments, the captured image data can be used to

detect movements captured in the image data, such as gesture-based inputs and/or any other

suitable movements by a user waring HMD 100, by another person in the field of view of



optical sensor 114, or by a physical object within the field of view of optical sensor 114.

Additionally, in some embodiments, the one or more outward facing sensor(s) can capture 2D

image information and/or depth information from the physical environment and/or physical

obj ects within the environment. For example, the outward facing sensor(s) can include a

depth camera, a visible light camera, an infrared light camera, a position tracking camera,

and/or any other suitable image sensor or combination of image sensors.

[0069] In some embodiments, a structured light depth camera can be configured to

project a structured infrared illumination, and to generate image data of illumination reflected

from a scene onto which the illumination is projected. In such embodiments, a depth map of

the scene can be constructed based on spacing between features in the various regions of an

imaged scene. Additionally or alternatively, in some embodiments, a time-of-flight depth

camera configured to project a pulsed infrared illumination onto a scene and detect the

illumination reflected from the scene can be incorporated in HMD 100. In some

embodiments, illumination can be provided by an infrared light source 116 .

[0070] In some embodiments, the HMD 100 can include a microphone system that

can include one or more microphones, such as microphone 118, that can capture audio data.

In other examples, audio can be presented to the wearer via one or more speakers, such as

speaker 120.

[0071] In some embodiments, HMD 100 can include a controller, such as controller

122, which can include, for example, a processor and memory (as described below in

connection with FIG. 4) that are in communication with the various sensors and systems of

HMD 100. In some embodiments, the controller can store, in memory, instructions that are

executable by the processor to receive signal inputs from the sensors, determine a pose of

HMD 100, and adjust display properties for content displayed using transparent display 102.

[0072] In some embodiments, HMD 100 can have any other suitable features or

combination of features, such as features described in U.S. Patent No. 9,495,801 issued to

Microsoft Technology Licensing, LLC, which is hereby incorporated by reference herein in

its entirety. The description herein of HMD 100 is merely for illustration of hardware that

can be used in connection with the disclosed subject matter. However, the disclosed subject

matter can be used with any suitable augmented reality device, such as the HoloLens® made

by Microsoft®, and/or devices described in U .S. Patent No. 8,847,988, U.S. Patent No.

8,941,559, U .S. Patent Application Publication No. 2014/0160001 , each of which is hereby

incorporated by reference herein in its entirety.

[0073] FIG. 2 shows an example 200 of a system of networked HMDs 100 in



accordance with some embodiments of the disclosed subject matter. As shown in FIG. 2,

system 200 can include various HMDs 100-1 to 100-5 located in the same physical space

(e.g., in the same room). System 200 can include various stations 202-1 to 202-3, which can

correspond to points in physical space at which one or more images are to be displayed by

HMDs 100. For example, each station 202 can be used by HMDs 100 as a predetermined

spatial anchor for one or more images. In a more particular example, stations 202 can define

spatial anchors for images to be displayed by an HMD (e.g., HMD 100) if the HMD is

instructed to present an image corresponding to the station as long as the station is in the field

of view, even if the HMD moves relatively far from the station (e.g., more than five meters

from the station). As another example, each station 202 can be used to define a coordinate

system in which HMDs 100 can place one or more images. In a more particular example,

stations 202 can define the origin of a global coordinate system in which an HMD (e.g.,

HMD 100) is instructed to present an image corresponding to the station only when the user

is relatively close to a particular station and/or when the HMD is instructed to only present

one or more images corresponding to the nearest station in the field of view (e.g., as

described below in connection with system 200 and in connection with FIG. 6). In some

embodiments, each station 202 can be passive and/or active. For example, one or more

stations 202 can be a piece of paper having a particular symbol (e.g., letter, number, icon, QR

code, etc.) that can be recognized by HMD 100 (e.g., from an image captured by optical

sensor 114). As another example, one or more stations 202 can be a particular object or

portion of an object (e.g., a piece of furniture, an action figure, a toy, etc.) that can be

recognized by HMD 100 (e.g., from an image captured by optical sensor 114). As yet

another example, one or more stations 202 can be an active device such as a Bluetooth device

(e.g., a Bluetooth low energy beacon) that can communicate with HMD 100. As still another

example, stations 202 can be an active or passive RFID device with which HMD 100 can

communicate. In some embodiments, locations of stations 202 can be highlighted visually by

HMDs 100-1 to 100-5 to assist users in moving to the various stations. For example, one or

more stations 202 in a user's field of view can be represented by an image of a ball, text, an

outline of the content to be presented in connection with the station, and/or any other suitable

visual aid.

[0074] In some embodiments, system 200 can include a server 204 that can control

content that is to be presented in connection with each station. In some embodiments,

server 204 can be implemented using any suitable computing device such as a server

computer, an HMD, a tablet computer, a smartphone, a personal computer, a laptop



computer, etc. In some embodiments, each HMD 100 can connect to communication network

206 via a communications link 208, and server 204 can connect to communication network

206 via a communications link 212. In some such embodiments (e.g., embodiments in

which stations 202 are active devices), stations 202 can connect to communication network

206 via a communications link 210. In some embodiments, a user computing device 220 can

connect to communication network 206 via a communications link 222. Communication

network 206 can be any suitable communication network or combination of communication

networks. For example, communication network 206 can be a Wi-Fi network (which can

include one or more wireless routers, one or more switches, etc.), a peer-to-peer network

(e.g., a Bluetooth network, a Zigbee mesh network, etc.), a cellular network (e.g., a 3G

network, a 4G network, etc., complying with any suitable standard, such as CDMA, GSM,

LTE, LTE Advanced, WiMAX, etc.), a wired network, etc. Communications links 208, 210

and 212 can each be any suitable communications link or combination of communications

links, such as a Wi-Fi links, Bluetooth links, cellular links, etc.

[0075] In some embodiments, a user can interact with server 204 via user computing

device 220 to select content that is to be presented in connection with each station 202. For

example, the user can instruct server 204 to cause HMDs in proximity to station 202-2 to

present images showing an interactive 3D model of the human vascular system in the absence

of certain other anatomical features (e.g., in the absence of muscles, in the absence of the

skeletal system, etc.), while the user can instruct server 204 to cause HMDs in proximity to

station 202-3 to present images showing an interactive 3D model showing how the vascular

system integrates into certain major muscle groups. Note that these are merely given as

examples, and the user can select any suitable content to be presented in connection with each

station. In some embodiments, the user can instruct server 204 to present different content

for each station, such that server 204 causes HMDs 100 to present different content for each

station 202. In some such embodiments, wearers of HMDs 100 can move between stations to

observe different content at each station, which the user may have selected to demonstrate

different concepts. Additionally or alternatively, in some embodiments, the user can instruct

server 204 to present the same content at each station. For example, in such embodiments,

students in a class can all follow along as an instructor discusses certain content that is being

displayed by all HMDs 100 in system 200 regardless of which station each HMD 100 is

located near. In some embodiments, the user can specify the location of one or more stations

202 in relation to one or more reference points (e.g., locations in a room, reference points in

relation to a particular device, etc.).



[0076] In some embodiments, the user can generate a presentation to be presented in

connection with one or more stations 202 via user computing device 220 and/or server 204.

Such a presentation can include, for example, which content is to be presented at each station,

times (e.g., a length of time, a period of time during the presentation, etc.) at which the

content is to be presented at the stations, an order in which content is to be presented at each

station (and/or across all stations), which content is to be presented to which HMD 100

and/or which user associated with an HMD 100, and/or any other suitable information. In

some embodiments, such a presentation can be conveyed by server 204 to each HMD 100 at

the time of the presentation as a document referencing the content that is to be presented, the

order in which it is to be presented, a time(s) at which it is to be presented, which content is

to be presented in connection with each station, etc. For example, server 204 can send an

XML file that an HMD 100 can use to generate the presentation from the content already

loaded on HMD 100.

[0077] In some embodiments, the user can upload content and/or identifying

information of content to server 204 that is to be presented by HMDs 100 from user

computing device 220. For example, the user can upload anatomical models from user

computing device 220 to server 204 that can be used (e.g., by HMDs 100) to generate a 3D

representation of one or more anatomical features. As another example, the user can provide

location information (e.g., a URL) at which one or more anatomical models can be accessed.

In some embodiments, the HMDs 100 can download and/or save the content at any suitable

time. For example, an administrator can download, sideload and/or otherwise transfer the

content to each HMD 100 to be used during presentation of augmented reality content and/or

other presentation of such content. In a more particular example, if HMDs 100 are owned by

an institution, a user associated with the institution can preload the content on each of

HMD 100. As another example, in some embodiments, a user of an HMD 100 can download

an application that can be used to present the content. In such an example, the user uploading

the content can associate the content with the application, and the content can be downloaded

with the application and/or by the application after the application is installed on the HMD.

As yet another example, in some embodiments, a user of an HMD 100 can select content to

be downloaded and/or content can be downloaded automatically based on information known

about the user. In a more particular example, the user can be permitted to download the

content based on the user's registration to participate in an event (e.g., a class) associated with

the content. In another more particular example, the content can be automatically

downloaded based on the user's association with the event (e.g., class) during which the



content is to be presented. As still another example, the content can be streamed and/or

downloaded in an on-demand fashion as the content is needed by an HMD 100. In some

embodiments, the user can be prompted to pay for the content and/or sign up for a

subscription to the content.

[0078] In some embodiments, user computing device 220 can be any suitable

computing device or combination of devices, such as a personal computer, a laptop computer,

a tablet computer, a smartphone, a wearable computer, a head mounted display (e.g., HMD

100), etc. In some embodiments, a user can select content, generate a presentation, upload

content, etc., using user computing device 220 and/or server 204 using any suitable technique

or combination of techniques. For example, user computing device 220 can execute a

presentation application from memory that is configured to generate and/or edit presentations

of content for any suitable number of stations and/or any suitable number of HMDs. As

another example, user computing device 220 can interact with a presentation application

executed by another computing device (e.g., server 204, a cloud server, etc.) through network

206 via a web browser executed by computing device 220 or other application that facilitates

interaction with a remotely executed presentation application.

[0079] In some embodiments, each HMD 100 can execute an application that can

interact with server 204 (e.g., over communication network 206) to present content associated

with each station. When a particular HMD 100 comes within a predetermined distance of a

station (e.g., when HMD 100-2 approaches station 202-2) server 204 can provide content

associated with station 202-2. Networking the HMDs 100 with server 204 can facilitate

HMDs 100 in presenting more content than an HMD 100 would be able to present from

memory. Further, networking the HMDs 100 with server 204 can facilitate a presenter (e.g.,

a user of HMD 100-1) in controlling the content that is being presented by the various other

HMDs 100 during an interactive presentation.

[0080] In some embodiments, system 200 can determine which content is to be

presented by a particular HMD 100 using any suitable technique or combination of

techniques. For example, HMD 100 can determine which station (or stations) it is closest to,

and can request content associated with that station from server 204 and/or can present

content associated with that station from memory. In such an example, HMD 100 can use

any suitable technique to determine which station 202 (or stations) is closest, such as by

analyzing image data captured by an outward facing camera (e.g., optical sensor 114),

analyzing the strength of various signals (e.g., Bluetooth signals) received from various

stations 202, analyzing GPS coordinates of HMD 100 determined using a GPS receiver, etc.



As another example, HMD 100 can provide information (e.g., one or more images, signal

strength of various signals, GPS coordinates, etc.) to server 204, which can determine which

station (or stations) is closest to HMD 100. As yet another example, server 204 can receive

information from stations 202 indicating which HMDs are closest to the station (e.g., as a list

of HMDs that are closer to that station than other nearby stations, as a distance from the

station to various HMDs, etc.) based on any suitable data (e.g., signal strength of a Bluetooth

signal received by the station from the various HMDs). In such an example, each station can

coordinate with other nearby stations such that each HMD is listed indicated by only a single

station can determine which HMDs

[0081] In some embodiments, HMD 100 can determine that different content is to be

presented at any suitable time. For example, HMD 100-2 can determine that HMD 100-2 has

left the vicinity of station 202-2 and approached station 202-3, and can based on that

determination, can present and/or request content for station 202-3 in response to determining

that HMD 100-2 has approached station 202-3. Additionally or alternatively, in some

embodiments, server 204 can push instructions and/or content to HMD 100-2 at any suitable

time. For example, server 204 can determine that HMD 100-2 has left the vicinity of station

202-2 and approached station 202-3, and can push instructions to present the content (and/or

can push the content itself) associated with station 202-3 to HMD in response to determining

that HMD 100-2 has approached station 202-3. As another example, server 204 can receive

an instruction to change the content being presented by any suitable station 202 or stations

(e.g., from a presenter). In response to such an instruction, server 204 can push an instruction

to present the new content (and/or the new content itself) to appropriate HMDs 100. As yet

another example, server 204 can receive instructions assigning particular HMDs 100 to

receive particular content at particular times. In such an example, a wearer of a particular

HMD 100 can be prompted to move to an assigned station for which HMD 100 is presenting

content after receiving an indication that the content is associated with the station from

server 204 (and/or after receiving the content itself).

[0082] In some embodiments, one or more stations 202 can be used by a presenter to

control what is being presented by HMDs near other stations. For example, in some

embodiments, a wearer of HMD 100-1 can interact with content presented at station 202-1

using any suitable user interface device(s) to control content that is being presented at one or

more of stations 202-2 and 202-3 (and/or any other suitable stations). In such an example,

the wearer of HMD 100-1 can use any suitable input device or combination of devices, such

as voice inputs to a voice recognition system, gestures as inputs to a gesture recognition



system (e.g., integrated into HMD 100-1), an input device of another computing device (e.g.,

a touchscreen of a computing device such as a smartphone, a tablet computer, a laptop

computer, etc.; a mouse and/or keyboard of a computing device such as a laptop computer, a

personal computer, etc.), a dedicated input device (e.g., as described below in connection

with FIG. 3A), etc. In some embodiments, sever 204 can communicate additional

information to HMDs 100 during presentation of content, such as instructions for one or more

of HMDs 100 about how to present the content and/or additional content to be presented. For

example, as described below in connection with FIGS. 3A and 3B, a user of a first HMD

100-1 can use an input device to point (e.g., via a line through space, a dot on the content, the

user's hand, etc.) to a particular portion of the content being presented by HMD 100-1, and

server 204 can send instructions to one or more other HMDs 100 presenting the same content

that causes each of those HMDs to present supplemental content showing that the user of

HMD 100-1 is pointing to a particular portion of the content. In some embodiments, such

additional information can be used to control presentation of content by HMDs 100. For

example, a user of HMD 100-1 can control a presentation via input to HMD 100-1 (and/or

any other suitable device), and one or more other HMDs 100 can receive instructions and/or

content from server 204 that cause the one or more other HMDs 100 to change which content

is being presented in accordance with the input from the user of HMD 100-1. In some

embodiments, an HMD 100 can access a recording of a presentation (e.g., including changes

to which content is presented), and the instructions that were sent by server 204 during the

presentation can be included (e.g., as a file) with the recording (which can include, e.g., a

document indicating which content to present) and/or can stream the instructions as the

recording is presented by HMD 100. For example, an HMD 100 can present a particular 3D

model in accordance with a first portion of a presentation, and can present a pointer in

association with the 3D model based on instructions that were sent by server 204 during

presentation of the 3D model during the presentation. In such an example, audio that was

recorded during the presentation can also be presented to the user (e.g., through speakers

120). This can facilitate a user experiencing the presentation as it was experienced by users

that were present when the presentation was given.

[0083] In some embodiments, audio information can also be associated with each

station, which can be presented in connection with the visual content by HMD 100.

Additionally or alternatively, in some embodiments, audio can be recorded at each station

(e.g., by hardware that is part of station 202 and/or by microphone 118 of one or more HMDs

100). In some embodiments, audio can be recorded at the request of the wearer of a



particular HMD 100 for later access (e.g., as a study aid).

[0084] Although HMDs 100-1 to 100-5 are described above as being local to each

other (e.g., in the same room), HMDs in system 200 can be located local to each other and/or

remote from each other. For example, system 200 can be used to collaborate and/or interact

with one or more wearers of HMDs 100 located in one or more remote locations. In some

embodiments, two HMDs 100 can be remote from each other if there is not a line of sight

between them. For example, two HMDs 100 can be considered remote from each other if

they are located in different rooms, regardless of whether they are both connected to the same

local area network (LAN) or to different networks. As another example, two HMDs 100 that

are connected to different LANs can be considered remote from each other. As yet another

example, two HMDs 100 that are connected to different subnets can be considered remote

from each other. In some embodiments, for example as described below in connection with

FIG. 3B, two HMDs 100 that are remote from each other can be used to collaborate by

representing a remote user with an avatar in connection with a hologram being presented by

at least one of the two HMDs 100.

[0085] In some embodiments, server 204 can be located locally or remotely from

HMDs 100. Additionally, in some embodiments, multiple servers 204 can be used (which

may be located in different physical locations) to provide different content, provide redundant

functions, etc. In some embodiments, one of the HMDs in system 200 can perform one or

more of the operations of server 204 described herein, such as instructing other HMDs when

to move through the presentation, for distributing updated information, etc. For example,

local HMDs 100 in system 200 can be interconnected to form a mesh network, and an HMD

acting as server 204 (e.g., HMD 100-1) can control operation of the other HMDs by

providing updated information. Additionally, in some embodiments, the HMD acting as

server 204 can be a node in the mesh network, and can communicate over another network

(e.g., a LAN, cellular, etc.) to receive other information, such as information related to a

remote user (e.g., as described below in connection with FIG. 3B). In some such

embodiments, the HMD acting as server 204 can determine which HMD or HMDs to

distribute information to that indicates that an avatar of a remote user is to be presented in

connection with a hologram, placement information of the avatar, etc.

[0086] In some embodiments, a user of any suitable HMD (e.g., HMD 100-1) can

control presentation of the content (e.g., in a similar manner to a slide show) by providing

input to the HMD. For example, to progress through an augmented reality presentation, the

user can tap a user input (e.g., a button, a touch sensor, etc.), and/or perform a gesture that



can be captured by an image sensor (e.g., optical sensor 114). As another example, to go

backward through the augmented reality presentation, the user can tap and hold the user input

(e.g., hold a button, press and hold on a touch sensor, etc.), and/or perform a different gesture.

In some embodiments, HMD 100-1 can generate instructions to move forward (or backward)

through the augmented reality presentation, and transmit the instructions to server 204 (which

may be another HMD), which can cause other HMDs to present new content in accordance

with the user input received at HMD 100-1. Additionally or alternatively, in some

embodiments, if HMD 100-1 is acting as server 204, HMD 100-1 can cause the other HMDs

to present new content in accordance with the user input received at HMD 100-1 in response

to receiving the input. Although system 200 is generally described in connection with

presenting an augmented reality presentation in a physical environment on an augmented

reality device, the system can be configured to present any type of mixed reality (e.g., an

augmented virtuality presentation), or a fully virtual reality presentation. For example, rather

than stations 202 corresponding to locations in a physical environment, the stations can

correspond to points in a virtual environment. Additionally or alternatively, in some

embodiments, one or more HMDs in system 200 can be augmented reality devices, while

other HMDs are virtual reality devices. For example, a remotely located user can use a

virtual reality device to join a group at a particular station. In such an example, the virtual

reality device can present the 3D model, avatars corresponding to other users (e.g., users of

augmented reality devices located in physical proximity to the station, and/or other users of

virtual reality devices) in positions relative to the 3D model representing the user's current

view of the 3D model, etc. In some embodiments, a user of a virtual reality device can cause

a view of the 3D model that is presented to change using any technique, such as inputs

received by a user input device (e.g., a game controller, atouchpad, etc.), outputs indicating

physical movements of the user (e.g., rotations, translations, etc.), or any other suitable

information, Additionally or alternatively, in some embodiments, a user of a virtual reality

device can adopt the viewpoint of an augmented reality device that is viewing the same 3D

model. In some embodiments, a virtual reality device that is used to join a group around a

particular station may present one or more portions of video captured at and/or near the

station (e.g., by a camera that captures 360 degree video of the environment around the

station) to generate a mixed reality presentation, may present the 3D model in a virtual

environment (e.g., a virtual room, which may include other stations) that may or may not be

similar to the physical environment of the station, or present only the 3D model and

information about other users (e.g., present the 3D model in a blank environment (e.g., using



a single background color).

[0087] FIG. 3A shows an example 300 of a system for interacting with a presented

image in accordance with some embodiments of the disclosed subject matter. As shown in

FIG. 3A, a user input device 302 can communicate with HMD 100-1 via a communications

link 304. In some embodiments, communications link 304 can be any suitable

communications link that can facilitate communication between user input device 302 and

HMD 100-1 . For example, communications link 304 can be a wired link (e.g., a USB link,

an Ethernet link, a proprietary wired communication link, etc.) and/or a wireless link (e.g., a

Bluetooth link, a Wi-Fi link, etc.). In some embodiments, user input device 302 can include

any suitable sensors for determining a position of user input device 302 with respect to one or

more other devices and/or objects (e.g., HMD 100-1 , station 202, a particular body part of a

wearer of HMD 100-1 , etc.), and/or a relative change in position (e.g., based on sensor

outputs indicating that user input device 302 has been accelerated in a particular direction,

that user input device 302 has been rotated in a certain direction, etc.). For example, in some

embodiments, user input device 302 can include one or more accelerometers, one or more

gyroscopes, one or more electronic compasses, one or more image sensors, an inertial

measurement unit, etc.

[0088] In some embodiments, user input device 302 can be used as a pointing device

by the wearer of HMD 100-1 to highlight a particular portion of content (e.g., a portion of

hologram 306-1) being presented by HMD 100, to select a particular portion of

hologram 306-1, to cause a particular portion of hologram 306-1 to move in a particular way

(e.g., in a "click and drag" -type action), etc. For example, a user interface element 308 that

highlights a particular region of hologram 306-1 can be presented in connection with

hologram 306-1 in a location that is based on the direction in which user input device 302 is

pointed in relation to hologram 306-1 . As shown in FIG. 3A, a second HMD 100-2 that is

presenting a second hologram 306-2 that includes the same content that is being presented in

hologram 306-1 can also present user interface element 308 (e.g., based on instructions

received from server 204, which may be implemented by an HMD such as HMD 100-1,

HMD 100-2, and/or another HMD).

[0089] In some embodiments, HMD 100-1 and/or server 204 can receive data from

user input device 302 indicating movement and/or position data of user input device 302.

Based on the data from user input device 302, HMD 100-1 and/or server 204 can determine a

location and/or direction of user interface element 308 to be presented as part of hologram

306-1 (and as part of any other hologram being presented by another HMD 100 presenting



the same content as hologram 306-2).

[0090] In some embodiments, user input device 302 can be an integral part of

HMD 100-1, which can determine a direction in which HMD 100-1 is pointing with respect

to hologram 306-1 (which, as described above in connection with FIG. 2, can be anchored at

station 202-1 or any other suitable location). The information on which direction

HMD 100-1 is pointing can be used to infer a direction in which the wearer's eyes are looking

(which can, for example, be augmented based on gaze information, in some cases). In some

embodiments, the inferred location at which the wearer of HMD 100 is looking can be used

as input to position user interface element 308 with respect to hologram 306-1 (e.g., as a line,

a dot, multiple dots, etc., showing where the wearer of HMD 100-1 is looking).

[0091] In some embodiments, user input device 302 can be a separate device that can

convey location information to HMD 100-1 and/or server 204, which can then be used to

generate user interface element 308 to show where the wearer of HMD 100-1 is pointing.

Any suitable technique or combination of techniques can be used to generate the user

interface element based on the location information of user input device 302. For example, in

some embodiments, HMD 100-1 and/or server 204 can determine a location of user input

device 302 with respect to a part of the wearer's body (e.g., the center of the user's body,

which can, for example, be inferred based on the location of HMD 100-1) and can draw a line

that intersects that part of the wearer's body and user input device 302. As another example,

in some embodiments, HMD 100-1 and/or server 204 can determine a location and/or

orientation of user input device 302 with respect to hologram 306-1 , and can draw a line from

user input device 302 based on the location and orientation. In such an example, the location

of user input device 302 may need to be calibrated more precisely than in the previous

example, and may be calculated in the local coordinates of the hologram. Accordingly, in

such an example, the accuracy of the location at which user interface element 308 is

presented can vary based on the accuracy of the calibration, the distance from an anchor point

(or other location reference) of hologram 306-1 (as distances farther from the anchor point

may be determined less accurately), etc.

[0092] As yet another example, in some embodiments, HMD 100-1 and/or server 204

can receive a first input from user input device 302, which can signal that a wearer of

HMD 100-1 is initiating the generation of user interface element 308 on hologram 306. Upon

receiving the first user input (e.g., a first button press), HMD 100-1 and/or server 204 can

generate user interface element 308 at a default location based on the wearer's current

location relative to hologram 306-1 (e.g., a line straight out from the user's body toward the



center of hologram 306-1). After the first button press, HMD 100 and/or server 204 can

change the direction of the user interface element (e.g., the point at which the line crosses

hologram 306-1 and/or the direction in which the line intersects hologram 306-1) based on

output received from user input device 302. In such an example, after a first button press, the

wearer can translate user interface device 302 to raise/lower and/or move left/right the point

at which the line intersects hologram 306-1 , and can rotate user input device 302 to change an

orientation at which the line intersects hologram 306-1 . Upon receiving a second user input,

HMD 100-1 and/or server 204 can freeze the position and/or orientation of user interface

element 308 with respect to hologram 306-1 . Such a control scheme for the line to be

presented in hologram 306-1 can have some similarity to the operation of a mouse for

controlling a pointer (e.g., a cursor) in a 2D graphical user interface.

[0093] In some embodiments, HMDs 100 can be used to administer exams to users of

HMDs 100. For example, a user of server 204 can create a presentation that causes content to

be presented to HMDs 100 such that no two HMDs present the same content in the same

orientation at the same location. That is, in such an example, rather than facilitating

collaboration, the content can be distributed such that each user is presented with

individualized content. In some embodiments, an administrative user (e.g., the instructor or

proctor of the exam) can be permitted to be presented with the same content as any HMD 100

presenting exam content. In some embodiments, a user (e.g., a student) can use a pointing

device, such as user input device 302, to point to a specific location in a hologram to provide

an answer to an exam question. Additionally, in some embodiments, HMD 100 and/or

server 204 can determine a location in the hologram the user is highlighting with the pointing

device to automatically determine whether the user has correctly answered an exam question.

For example, the user can be prompted to locate a particular muscle on an anatomical

hologram, and server 204 can determine whether the location that the user is pointing to with

user input device 302 corresponds to the muscle.

[0094] FIG. 3B shows an example 310 of another system for interacting with a

presented image in accordance with some embodiments of the disclosed subject matter. As

shown in FIG. 3B, a first HMD 100-1 worn by a first user 312 at a first location can present a

hologram 306-1 . In some embodiments, HMD 100-1 can track the position of a hand 314 of

user 312 with respect to hologram 306-1 . In some embodiments, HMD 100-1 can use any

suitable technique or combination of techniques to track the location and/or orientation of the

user's hand. For example, HMD 100-1 can track the location of the user's hand visually using

images produced by one or more image sensors (e.g., optical sensor 114) and/or any other



suitable data, such as depth information in a scene. As another example, HMD 100-1 can

track the location of the user's hand using one or more sensors to sense a position of a device

held by (or otherwise attached) to the user's hand.

[0095] In some embodiments, HMD 100-1 can transmit information to server 204

indicating the position of HMD 100-1 and the user's hand with respect to hologram 306-1 .

As shown in FIG. 3B, server 204 can transmit information to a second HMD 100-2

presenting a hologram 306-2 that includes the same content as hologram 306-1, where the

information can indicate a position at which to present an avatar 316 representing user 312 of

HMD 100-1 with respect to hologram 306-2. HMD 100-2 can use such information to

present avatar 316 and a hand element 318 with hologram 306-2 to a second user 320. In

some embodiments, HMD 100-1 can be caused to present an avatar of user 320 in connection

with hologram 306-1 (not shown).

[0096] FIG. 4 shows an example 400 of hardware that can be used to implement at

least one of HMD 100, server 204 and user input device 302 in accordance with some

embodiments of the disclosed subject matter. As shown in FIG. 4, in some embodiments,

HMD 100 can include a processor 402, a display 404, one or more inputs 406, one or more

communication systems 408, and/or memory 4 10 . In some embodiments, processor 402 can

be any suitable hardware processor or combination of processors, such as a central processing

unit (CPU), a graphics processing unit (GPU), etc. In some embodiments, display 404 can

include any suitable display device(s), such as a transparent display as described above in

connection with FIG. 1. In some embodiments, inputs 406 can include any suitable input

device(s) and/or sensor(s) that can be used to receive user input, such as gaze tracking

system 108, head tracking system 110, motion sensors 112, optical sensor 114, microphone

118, etc.

[0097] In some embodiments, communications systems 408 can include any suitable

hardware, firmware, and/or software for communicating information over communication

network 206 and/or any other suitable communication networks. For example,

communications systems 408 can include one or more transceivers, one or more

communication chips and/or chip sets, etc. In a more particular example, communications

systems 408 can include hardware, firmware and/or software that can be used to establish a

Wi-Fi connection, a Bluetooth connection, a cellular connection, etc.

[0098] In some embodiments, memory 4 10 can include any suitable storage device or

devices that can be used to store instructions, values, etc., that can be used, for example, by

processor 402 to present content using display 404, to communicate with server 204 via



communications system(s) 408, etc. Memory 410 can include any suitable volatile memory,

non-volatile memory, storage, any other suitable type of storage medium, or any suitable

combination thereof. For example, memory 410 can include RAM, ROM, EEPROM, one or

more flash drives, one or more hard disks, one or more solid state drives, one or more optical

drives, etc. In some embodiments, memory 4 10 can have encoded thereon a computer

program for controlling operation of HMD 100. In some such embodiments, processor 402

can execute at least a portion of the computer program to present content (e.g., one or more

holograms), receive content from server 204, transmit information to server 204, etc. In some

embodiments, HMD 100 can use any suitable hardware and/or software for rendering the

content received from server 204, such as Unity 3D available from Unity Technologies.

Additionally, in some embodiments, any suitable communications protocols can be used to

communicate control data, image data, audio, etc., between HMD 100 and server 204, such

networking software available from Unity Technologies.

[0099] In some embodiments, server 204 can include a processor 412, a display 414,

one or more inputs 416, one or more communication systems 4 18, and/or memory 420. In

some embodiments, processor 412 can be any suitable hardware processor or combination of

processors, such as a central processing unit, a graphics processing unit, etc. In some

embodiments, display 414 can include any suitable display devices, such as a computer

monitor, a touchscreen, a television, etc. In some embodiments, inputs 416 can include any

suitable input devices and/or sensors that can be used to receive user input, such as a

keyboard, a mouse, a touchscreen, a microphone, etc.

[0100] In some embodiments, communications systems 4 18 can include any suitable

hardware, firmware, and/or software for communicating information over communication

network 206 and/or any other suitable communication networks. For example,

communications systems 4 18 can include one or more transceivers, one or more

communication chips and/or chip sets, etc. In a more particular example, communications

systems 4 18 can include hardware, firmware and/or software that can be used to establish a

Wi-Fi connection, a Bluetooth connection, a cellular connection, etc.

[0101] In some embodiments, memory 420 can include any suitable storage device or

devices that can be used to store instructions, values, etc., that can be used, for example, by

processor 412 to present content using display 414, to communication with one or more

HMDs 100, etc. Memory 420 can include any suitable volatile memory, non-volatile

memory, storage, any other suitable type of storage medium, or any suitable combination

thereof. For example, memory 420 can include RAM, ROM, EEPROM, one or more flash



drives, one or more hard disks, one or more solid state drives, one or more optical drives, etc.

In some embodiments, memory 420 can have encoded thereon a server program for

controlling operation of server 204. In such embodiments, processor 412 can execute at least

a portion of the computer program to transmit content (e.g., one or more holograms) to one or

more HMDs 100, receive content from one or more HMDs 100, receive instructions from one

or more devices (e.g., HMD 100-1, user input device 302, another server, a personal

computer, a laptop computer, a tablet computer, a smartphone, etc.).

[0102] In some embodiments, user input device 302 can include a processor 422, one

or more inputs 224, one or more communication systems 426, and/or memory 428. In some

embodiments, processor 422 can be any suitable hardware processor or combination of

processors, such as a central processing unit, a graphics processing unit, etc. In some

embodiments, inputs 424 can include any suitable input devices and/or sensors that can be

used to receive user input, such as one or more physical or software buttons, one or

movement sensors, a microphone, a touchpad, etc.

[0103] In some embodiments, communications systems 426 can include any suitable

hardware, firmware, and/or software for communicating information over communications

link 304 and/or any other suitable communications links. For example, communications

systems 426 can include one or more transceivers, one or more communication chips and/or

chip sets, etc. In a more particular example, communications systems 426 can include

hardware, firmware and/or software that can be used to establish a Wi-Fi connection, a

Bluetooth connection, a cellular connection, etc.

[0104] In some embodiments, memory 428 can include any suitable storage device or

devices that can be used to store instructions, values, etc., that can be used, for example, by

processor 422 to determine when user input is received, to record sensor data, to

communication sensor data with one or more HMDs 100, etc. Memory 428 can include any

suitable volatile memory, non-volatile memory, storage, any other suitable type of storage

medium, or any suitable combination thereof. For example, memory 428 can include RAM,

ROM, EEPROM, one or more flash drives, one or more hard disks, one or more solid state

drives, one or more optical drives, etc. In some embodiments, memory 428 can have

encoded thereon a computer program for controlling operation of user input device 302. In

such embodiments, processor 422 can execute at least a portion of the computer program to

transmit data (e.g., representing sensor outputs) to one or more HMDs 100, to transmit data

(e.g., representing sensor outputs) to one or more servers 204, etc.

[0105] FIG. 5 shows an example 500 of an information flow among a user computing



device 220 selecting and/or uploading content and/or a presentation to server 204, and

HMD 100 receiving the content and presenting the content in accordance with the

presentation in accordance with some embodiments of the disclosed subject matter.

[0106] As shown in FIG. 5, at 502, in some embodiments, user computing device 220

can select a corpus of content from which one or more presentations are to be created. In

some embodiments, a user of user computing device 220 can select a corpus of content using

any suitable technique or combination of techniques. For example, in some embodiments, a

user can create the content using any suitable application or combination of applications

executed at least in part by user computing device 220. As another example, a user of user

computing device 220 can select the content from a web page associated with a creator and/or

publisher of the content, and can download the content to user computing device 220 and/or

server 204. As yet another example, a user of user computing device 220 can select the

content using an application executed at least in part by user computing device 220 that

provides access to such content. As still another example, a user of user computing device

220 can select the content from a storage medium (e.g., a USB drive, an external hard drive,

an optical storage medium, etc.) coupled to user computing device 220.

[0107] In some embodiments, the corpus of content can include a preselected

collection of content generated by a content publisher, such as a collection of 3D anatomical

models of human anatomy from which a user can select a particular combination of features

to present. Additionally or alternatively, in some embodiments, the corpus of content can

include 3D models collected by a user of user computing device 220 from various sources.

[0108] At 504, in some embodiments, user computing device 220 can upload the

corpus of content and/or information indicating where the content can be accessed to

server 204. In some embodiments user computing device 220 can use any suitable technique

or combination of techniques to upload the content and/or location information to server 204.

For example, user computing device 220 can upload the content and/or location information

via an application program interface (API) associated with server 204. As another example,

user computing device 220 can upload the content and/or location information via a web page

and/or other application associated with server 204. As yet another example, user computing

device 220 can upload the content and/or location information using any other suitable

technique or combination of techniques such as file transfer protocol (ftp). Additionally or

alternatively, in some embodiments, user computing device 220 can store the corpus of

content locally (e.g., using a hard drive coupled to user computing device 220).

[0109] At 506, in some embodiments, server 204 can receive content uploaded by



user computing device 220 and/or can download content from a location(s) identified by user

computing device 220, and can store the content in storage associated with server 204 such

that it is accessible to a user of user computing device 220 (e.g., via a web page, an API, etc.).

[0110] At 508, in some embodiments, server 204 can provide the corpus of selected

content to one or more HMDs that are to present at least a portion of the content during a

presentation. In some embodiments, server 204 can load a portion of the corpus of content,

or the entire corpus, onto HMDs using any suitable technique or combination of techniques.

For example, server 204 can provide at least a portion of the corpus as part of an application

that is downloaded to an HMD. As another example, server 204 can provide at least a

portion of the corpus in response to a request from an HMD. As still another example, server

204 can provide content on demand and/or can stream content to HMDs as it is needed. In a

more particular example, before a presentation begins, server 204 can provide content used in

that presentation to HMDs.

[0111] At 510, in some embodiments, a user of user computing device 220 can

generate a presentation from the selected content using a locally executed presentation

application that accesses the corpus of content locally and/or remotely (e.g., from server 204).

In some embodiments, the presentation application can facilitate the creation of scenes

including a subset of content from the corpus of content. For example, the presentation

application can allow a user to select a particular body part(s) and layer(s) (e.g., skin, muscle,

bone, nerves, etc.) to present in a 3D model of human anatomy, and a sequence in which to

present the various parts and/or layers. Additionally, in such an example, the presentation

application can allow a user to highlight a particular portion of the 3D model in a portion of

the presentation, such as a particular muscle or nerve.

[0112] In some embodiments, at 510, the user of user computing device 220 can

select particular content for each of various stations (e.g., stations 202), each of various users

or groups of users (e.g., student users of HMDs 100), each of various presentation spaces, etc.

[0113] At 512, in some embodiments, user computing device 220 can upload

presentation information indicating which content is used in the presentation, an order in

which the content is to be presented, supplemental content that is to be presented (e.g., text,

audio, etc.), etc., to server 204. In some embodiments, the presentation information can be

formatted in any suitable format. For example, the presentation information can be uploaded

from user computing device 220 as an Extensible Markup Language (XML) document. As

another example, the presentation can be uploaded as a media file including the content itself

(in which case the corpus of content may not need to be uploaded to server 204)._Note that,



in some embodiments, server 204 can be omitted and/or can perform fewer functions than

what is shown in FIG. 5 . For example, in some embodiments, content can be loaded from

user computing device 220 (or any other source) to HMD 100 without first being uploaded to

server 204. As another example, in some embodiments, presentation information can be sent

from user computing device 220 to HMDs 100 without being sent via server 204 (although

one or more other servers, such as nodes on the Internet, one or more email servers, one or

more storage servers, etc., may be involved in transmission of the presentation information).

[0114] In addition, or as an alternative, to generating a presentation using an

application being executed by user computing device 220, user computing device 220 can

interact with server 204 to generate a presentation using an application executed at least in

part by server 204. For example, user computing device 220 can be used to provide a

graphical user interface for an application being executed by server 204, and inputs received

by user computing device 220 can be used to control operation of the application. In some

embodiments, if a presentation is generated using an application executed at least in part by

server 204, server 204 can generate presentation information (e.g., as an XML document),

and not receive such information from user computing device 220.

[0115] At 516, in some embodiments, server 204 can provide presentation

information for at least a particular presentation to HMD 100 that is to be used to experience

the presentation. In some embodiments, server 204 can provide the presentation information

at any suitable time. For example, server 204 can provide access to the presentation

information after it is created to any HMD associated with a user included a particular class

or group to which the presentation is going to be given (e.g., as identified by a user of user

computing device 220). As another example, server 204 can provide access to the

presentation information at the beginning of the presentation (e.g., as indicated by a user of

user computing device 220, HMD 100-1, etc.) to HMDs that are present in a particular

location, HMDs associated with users included a particular class or group to which the

presentation is going to be given (e.g., as identified by a user of user computing device 220),

etc. In some embodiments, presentation information can be received in connection with the

content. For example, the presentation information can be a file that is transferred to

HMD 100 as part of the content.

[0116] At 518, in some embodiments, HMDs that have received the presentation

information can present content (e.g., from the content loaded onto the HMD at 508) in

accordance with the presentation information. For example, as described above in connection

with FIG. 2, an HMD (e.g., HMD 100-2) can present a particular 3D model in connection



with a third station based on instructions received in the presentation information indicating

that the HMD is to present the particular 3D model in connection with the third station.

[0117] Additionally or alternatively, in some embodiments, server 204, at 520, can

stream content to one or more HMDs based on the presentation information and based on

information received from the HMDs. For example, as described above in connection with

FIG. 2, an HMD can provide information about which station(s) is closest to the HMD and/or

within the field of view of the wearer of the HMD, and server 204 can stream appropriate

content to the HMD. As another example, an HMD can provide information that server 204

can use to determine which station(s) is closest to the HMD and/or which station(s) are in the

within the field of view of the wearer of the HMD, and server 204 can stream appropriate

content to the HMD. As yet another example, server 204 can receive information from a first

HMD (e.g., HMD 100-2) and/or a user input device (e.g., user input device 302) indicating

that a wearer of HMD 100-2 is pointing to a particular portion of a 3D model, and server 204

can stream the information to another HMD (e.g., HMD 100-1) viewing the same content as

supplemental content to be integrated into the content by the second HMD.

[0118] At 522, in some embodiments, HMD 100 can present streamed content

received from server 204. In some embodiments, the streamed content presented at 522 can

be any suitable streamed content, such as an entire 3D model, a change to a 3D model,

supplemental content, etc.

[0119] FIG. 6 shows an example 600 of a process for distributing content to one or

more head mounted displays in accordance with some embodiments of the disclosed subject

matter. As shown in FIG. 6, at 602 process 600 can receive content to be used to create one

or more augmented reality presentations by HMDs. In some embodiments, the content can

be received in any suitable format and/or from any suitable source. For example, a user of a

user computing device (e.g., user computing device 220) can upload the content (e.g., to

server 204). As another example, a user can submit identifying information of an address

and/or credentials that can be used to retrieve the content. In some embodiments, the content

can include any suitable visual information that can be used to create one or more 3D models

that can be presented by an HMD (e.g., as holograms). For example, in some embodiments,

the content can include various 3D models of human anatomy that can be used by HMDs to

generate holograms showing various systems from human anatomy.

[0120] At 604, process 600 can receive one or more instructions that can be used to

present at least a portion of the content as an augmented reality presentation. For example,

the instructions can identify different portions of the content that are to be presented, an order



in which to present the different portions of the content, locations (e.g., in a room, in

connection with stations, etc.) at which to present particular content, etc. In some

embodiments, the instructions can be received in any suitable format and/or using any

suitable technique or combination of techniques. For example, in some embodiments, the

instructions can be received as an XML file generated on the user device that received user

input specifying the instructions. As another example, the instructions can be received from

the user device through a web page or other suitable user interface that can be presented by

the user device, and can receive user input for specifying an augmented reality presentation.

In such an example, user inputs can be conveyed to a server associated with the web page,

which can generate the instructions (e.g., as an XML document).

[0121] At 606, process 600 can receive a request for the content from a head mounted

display. For example, as described above, an HMD associated with a particular user (e.g.,

such an association can be created by the user signing into an application being executed by

the HMD) can request the content in response to input from the user, based on information

associated with the user (e.g., information indicating that the user is associated with a class

for which the content is assigned), and/or using any other suitable technique or combination

of techniques. In some embodiments, the request can be received using any suitable

technique or combination of techniques. For example, the HMD can navigate to a particular

address (e.g., IP address, URL, etc.) associated with the content. As another example, the

HMD can access a repository of applications, and submit a request to download an

application that includes (and/or can download) the content.

[0122] At 608, process 600 can determine if the HMD is authorized to receive the

content. For example, process 600 can determine whether the HMD is logged in to a user

account that has been authorized to receive the content. As another example, process 600 can

determine whether an application being executed by the HMD is logged in to a user account

that has been authorized to receive the content. If process 600 determines, at 608, that the

HMD is not authorized to receive the content ("NO" at 608), process 600 can move to 620

and prompt the user to log in to access the content (e.g., by causing a log in screen to be

presented, by prompting a user to capture an image of an appropriate visual code as described

below in connection with FIG. 8, etc.), and can return to 608 upon the user successfully

logging the HMD in to an appropriate account.

[0123] Otherwise, if process 600 determines, at 608, that the HMD is authorized to

receive the content ("YES" at 608), process 600 can move to 6 10 . At 610, process 600 can

transmit the content to the HMD requesting the content. In some embodiments, the content



can be transmitted using any suitable protocol(s), in any suitable format, and/or with any

suitable compression applied.

[0124] At 612, process 600 can transmit a token to the authorized HMD which can be

used to access instructions for generating augmented reality presentations from the content

(and/or otherwise accessing content and/or services associated with the content). In some

embodiments, the token can take any suitable form. Additionally, in some embodiments, the

token can be configured to expire after a predetermined amount of time.

[0125] At 614, process 600 can receive a request for an augmented reality

presentation based on the content that the head mounted display previously obtained. In

some embodiments, the request can be sent by the HMD in response to any suitable input.

For example, a user can provide user input indicating that HMD is to request the augmented

reality presentation. As another example, the HMD can be configured to automatically

request the augmented reality presentation (e.g., without user intervention, with user input

only required to authorize the request, etc.) when it is used in a particular location and/or at a

particular time. As yet another example, the HMD can be configured to automatically

request the augmented reality presentation (e.g., without user intervention, with user input

only required to authorize the request, etc.) in response to receiving a particular signal (e.g.,

from a Bluetooth beacon) and/or in response to capturing one or more images of a particular

visual cue (e.g., a QR code). In some embodiments, the request can be transmitted with the

token transmitted to the HMD at 612. In some embodiments, the request received at 614 can

be a request for instructions for a particular augmented reality presentation. Alternatively, in

some embodiments, the request received at 614 can be a generic request for instructions for

an augmented reality presentation, and the instructions that are returned can be instructions

selected by an administrator.

[0126] At 616, process 600 can determine whether the HMD requesting the

instructions for the augmented reality presentation is authorized to receive the augmented

reality presentation. For example, process 600 can determine whether the HMD submitted a

valid token and/or whether the HMD is logged in to an authorized user account. If

process 600 determines that the HMD is authorized to receive the augmented reality

presentation ("YES" at 616), process 600 can move to 618, and provide the instructions to the

HMD for presenting the augmented reality presentation using at least a portion of the content.

Otherwise, if process 600 determines that the HMD is not authorized to receive the

augmented reality presentation ("NO" at 616), process 600 can move to 620 and prompt a

user of the HMD to log in, indicate that the user is not authorized to receive the presentation,



present an error message, etc. In some embodiments, one or more portions of process 600

can be executed by server 204 (or multiple servers 204).

[0127] FIG. 7 shows an example 700 of a process for generating an augmented reality

presentation using a head mounted display in accordance with some embodiments of the

disclosed subject matter. As shown in FIG. 7, at 702, process 700 can receive input

specifying user identifying information. For example, a user can use a virtual keyboard

presented by the HMD 100 to type a username and/or password. As another example, a user

can speak information that can be used to identify the user, and process 700 can use any

suitable voice recognition technique or combination of techniques to verify the identity of the

user. As yet another example, in some embodiments, a user can pair another device (e.g., a

smartphone, a tablet, a keyboard) with the HMD (e.g., using Bluetooth), and use an input of

the paired device to input user identifying information. As still another example, as described

below in connection with FIG. 8, the HMD can capture an image that can be used to identify

the user.

[0128] At 704, process 700 can request content to be used to generate an augmented

reality presentation. In some embodiments, the request can be generated using any suitable

technique or combination of techniques. For example, an HMD executing process 700 can

navigate to a particular address (e.g., IP address, URL, etc.) based on user input, and can

request content at the address (e.g., by selecting a link on a web page, automatically in

response to the request for information at the address, etc.). As another example, the HMD

can request the content using an application being executed by the HMD, which can

automatically download the content based on other information (e.g., information indicating

that the user specified at 702 is signed up for a class that uses the content).

[0129] At 706, process 700 can receive and store the content to be used in generating

the augmented reality presentation. In some embodiments, the content can be stored in any

suitable location, such as memory 410.

[0130] At 708, process 700 can receive a token to be used to authenticate the HMD

that is executing process 700 when requesting further information, such as instructions for

generating a particular augmented reality presentation from the content. In some

embodiments, the token can be received in any suitable format, and can include any suitable

information that can be used by, e.g., server 204, to determine that the HMD is authorized to

access the augmented reality presentation.

[0131] At 7 10, process 700 can transmit a request (and/or the token) for information

that can be used to generate the augmented reality presentation from the content. As



described above in connection with 614 of FIG. 6, process 700 can transmit the request for

the augmented reality presentation in response to any suitable input. For example, the HMD

can be navigated to a particular address (e.g., URL), which can function as a request for the

augmented reality presentation. As another example, the HMD can automatically (e.g.,

without user intervention, with user input required only to authorize the request, etc.) request

the augmented reality presentation when certain conditions are met (e.g., the HMD is within a

certain geofence at a certain time, the HMD is receiving a particular signal from another

device, etc.).

[0132] At 712, process 700 can receive information (e.g., instructions) that can be

used to generate the augmented reality presentation. In some embodiments, the information

can be received in any suitable format. For example, the information can be an XML

document indicating which content is to be presented, in which order the content is to be

presented, at which location(s) certain content is to be presented, etc.

[0133] At 714, process 700 can generate the augmented reality presentation from the

content based on the received instructions. For example, process 700 can determine which

station is in closest proximity to the HMD executing process 700 and can present a hologram

corresponding to that station based on the information received at 712. In some

embodiments, process 700 can cause the HMD to transmit information to a server (e.g.,

server 204) indicating which portion of the augmented reality presentation is currently being

presented to the user. In some embodiments, such information can be used by the server to

convey updated information about the particular content being presented. Alternatively, the

server can send updated information with identifying information about which portion of the

augmented reality presentation the updated information corresponds to, and the HMD can

interpret the identifying information to determine whether the updated information is

pertinent to the content currently being presented.

[0134] At 716, process 700 can determine whether any updated information has been

received. In some embodiments, the updated information can include any suitable

information from a server (e.g., server 204) with instructions to alter presentation of the

content being presented as part of the augmented reality presentation. If process 700

determines that updated information has not been received ("NO" at 716), process 700 can

return to 716 (and/or 714) to continue to determine whether updated information has been

received (and/or to determine whether another portion of the augmented reality presentation

is to be generated and/or presented). Otherwise, if process 700 determines that updated

information has been received ("YES" at 716), process 700 can move to 718.



[0135] At 718, process 700 can generate an updated augmented reality presentation

based on the updated information. In some embodiments, the updated information can

include any suitable information that may affect the augmented reality presentation. For

example, the updated information can be an indication of the location of a user interface

element corresponding to a direction of a pointer device (e.g., as described above in

connection with FIG. 3B). In such an example, process 700 can insert the user interface

element into the hologram currently being presented (if the user interface element can be seen

from the angle at which the hologram is being viewed). As another example, the updated

information can be an instruction to change the portion of the augmented reality presentation

being generated by the HMD, such as an instruction to move forward through the

presentation or backward through the presentation. As yet another example, the updated

information can be a 3D model (e.g., an avatar) of a user of another HMD (e.g., located

remotely from the HMD executing process 700) and position information indicating where

the avatar is to be presented in relation to the hologram being presented.

[0136] FIG. 8 shows an example 800 of a user device 220 and HMD 100-1

performing a pairing operation with server 204 in accordance with some embodiments of the

disclosed subject matter. As shown in FIG. 8, a user device 802 (e.g., a smartphone, a tablet

computer, a personal computer, a laptop computer, etc., which may or may not be used as

user computing device 220) is presenting a visual code (more particularly, a QR code). In

some embodiments, user device 802 can be used to log in to an application or service

associated with the content and/or augmented reality presentations described herein. In some

such embodiments, user device 802 can be used to retrieve the QR code (e.g., from server

204) over a communications link 804 (e.g., which may include a LAN connection, a cellular

connection, etc.) in response to selecting a link (or any other suitable user action). In some

embodiments, user device 802 can be used to retrieve an email with the link to the QR code,

can receive a push notification with the link to the QR code (and/or the QR code itself), can

receive a text message with the link to the QR code (and/or the QR code itself), can access an

application through which the QR code can be retrieved from server 204, etc. HMD 100-1

can capture an image of the QR code (e.g., using optical sensor 114), which can cause HMD

100-1 to submit a request (e.g., to server 204) over a communications link 806 which can

indicate that HMD 100-1 is to be paired with user 802. In some embodiments, server 204 can

associate user device 802 with HMD 100-1 for any suitable duration (e.g., the duration of a

class, one day, one week, one month, one semester, for an indefinite period of time, etc.), and

can provide supplemental content through user device 802. For example, server 204 can push



(or otherwise make available) content to user device 802 that supplements a portion of the

augmented reality presentation currently being presented by HMD 100-1. In a more

particular example, user device 802 can present supplemental text related to the augmented

reality presentation. In another more particular example, user device 802 can provide exam

questions related to the augmented reality presentation. As another example, a user can use

user device 802 to take notes (e.g., using a virtual keyboard, speech recognition, etc.), which

can be automatically associated with the portion of the augmented reality presentation

currently being presented. As yet another example, user device 802 can receive information

from HMD 100-1 (e.g., images, text, video, audio, etc. captured during the presentation),

which can be used by a user to supplement notes, as a memory aid, etc.

[0137] FIG. 9 shows an example 900 of an information flow among user device 802,

server 204, and HMD 100 during a login and/or pairing operation as described above in

connection with FIG. 8 in accordance with some embodiments of the disclosed subject

matter. As shown in FIG. 9, user device 802 can receive user input to log in HMD 100. For

example, at 902, user device 802 can navigate to a web page and/or execute an application

associated with using HMD 100-1 to generate the augmented reality presentation. In such an

example, user device 802 can be used to provide login credentials (e.g., a usemame, a

password, biometric information, etc.).

[0138] At 904, user device 802 can request a visual code to be scanned by HMD

100-1 from server 204. For example, as described above in connection with FIG. 8, user

device 802 can request the QR code that can be scanned by HMD 100-1 to pair HMD 100-1

with user device 802 at server 204, and/or to authenticate HMD 100-1 to server 204.

[0139] At 906, server 204 can provide the requested visual code provided that user

device 802 is determined to be authorized. In some embodiments, server 204 can provide the

visual code in any suitable format and/or as any suitable type of data. For example, although

a QR code was described above in connection with FIG. 8, this is merely an example and any

suitable machine-readable visual code can be used, such as a barcode, an image with

stegenographically encoded information, etc. Additionally, in some embodiments, in

addition to, or in lieu of, a visual code, server 204 can cause user device 802 to emit encoded

sound that can be used by HMD 100-1 to pair with user device 802 (and/or to log in).

[0140] At 908, user device 802 can present the visual code and can prompt the user to

aim an image sensor (e.g., optical sensor 114) of HMD 100-1 at the visual code (e.g., as

shown in FIG. 8). At 910, HMD 100-1 can capture an image of the visual code presented by

user device 802, and can decode the information included in the visual code at 912.



[0141] At 914, HMD 100-1 can send information to server 204 based on the

information decoded from the image of the visual code. For example, HMD 100-1 can

navigate to a particular web page and/or send a request to a particular address in response to

capturing the image of the visual code.

[0142] At 916, server 204 can pair user device 802 and HMD 100-1 in response to

receiving the information sent by HMD 100-1 at 914, and/or can log in HMD 100-1. In some

embodiments, the indication that the two devices are paired can be indicated using any

suitable technique or combination of techniques, such as through an entry in a database of

devices maintained in database 204.

[0143] At 918, HMD 100-1 can present content from the augmented reality

presentation as a wearer of HMD 100-1 moves around to different stations, for example. At

920, HMD 100-1 can transmit information indicating which content form the augmented

reality presentation is currently being presented by HMD 100-1. Additionally or

alternatively, server 204 can track which content is being presented (e.g., based on updated

instructions for progressing through the presentation, based on the location of HMD 100-1,

etc.).

[0144] At 922, server 204 can push supplemental content and/or instructions to user

device 802 based on the content currently being presented by HMD 100-1. Additionally or

alternatively, user device 802 can periodically request updated information, if any, from

server 204. At 924, user device 802 can present the supplemental content sent by server 204

at 922.

[0145] FIG. 10 shows an example 1000 of an information flow among a first HMD

100-1, server 204, and a second HMD 100-2 to associate a 3D model with a user of

HMD 100-1 (e.g., as an avatar) and present the 3D model by HMD 100-2 in accordance with

some embodiments of the disclosed subject matter. As shown in FIG. 10, HMD 100-1 can

receive input indicating that a particular 3D model is to be associated with a user of 100-1 . In

some embodiments, HMD 100-1 can present any number of 3D models from which the user

can choose a particular 3D model to associate with the user. For example, the 3D models can

be masks to be presented over the user's face and/or head by other HMDs. As another

example, the 3D models can be 3D avatars that can be used as a proxy for the user by another

HMD. In some embodiments, a user can be provided with a user interface to customize

and/or design a 3D model. Additionally or alternatively, in some embodiments, a paired user

device (e.g., user device 802 as described above in connection with FIGS. 8 and 9) can be

used to select, customize, design, etc., a 3D model, which can be presented by HMD 100-1



for review by the user.

[0146] At 1004, HMD 100-1 (and/or a paired user device) can submit a request to

server 204 to associate the selected 3D model with the user. In some embodiments, the

request can include the 3D model, identifying information of the 3D model, an address of the

3D model, etc. At 1006, server 204 can associated a user of HMD 100-1 with the selected

3D model, such that the 3D model is used in connection with the user.

[0147] At 1008, HMD 100-2 can request a 3D model associated with HMD 100-1.

Alternatively, server 204 can push the 3D model to HMD 100-2. In some embodiments, the

3D model can be requested by scanning a visual code provided by a user of HMD 100-1 to a

user of HMD 100-2. For example, a user of HMD 100-1 can present the visual code for

scanning by HMD 100-2 (e.g., using a paired user device). As another example, a user of

HMD 100-1 can share the visual code with a user of HMD 100-2 (e.g., via a message sent

from between paired user devices associated with each HMD, such as a text message). At

1010, server 204 can transmit the 3D model information for the user of HMD 100-1 to HMD

100-2.

[0148] At 1012, HMD 100-2 can render the 3D model associated with the user of

HMD 100-1. In some embodiments, HMD 100-2 can render the 3D model in connection

with the physical presence of the user. For example, the 3D model can be a mask, a helmet,

an outfit, etc., that HMD 100-2 can superimpose over a portion of user 100-1 to provide an

augmented reality effect. Additionally or alternatively, HMD 100-2 can render the 3D model

as an avatar for the user of HMD 100-1.

[0149] Although a user of HMD 100-1 is shown in FIG. 10 as selecting a 3D model, a

user of HMD 100-2 can select a 3D model to be used in connection with the user of HMD

100-1.

[0150] FIG. 11 shows an example 1100 of a display space for presenting various

models in a sequence in accordance with some embodiments of the disclosed subject matter.

As show in FIG. 11, display space 1100 can include a physical area 1102, which may or may

not be coextensive with a structure, such as a room of a building. In some embodiments, a

barrier 1104 can divide physical area 1102 into two or more areas. Although barrier 1104 is

shown as a straight barrier dividing physical area 1102 roughly in half, this is merely an

example, and barrier 1104 can have any suitable shape, which can subdivide physical

area 1102 into any suitable number of areas. For example, barrier 1104 can form a more

complex shape, such as a step pattern, a "U" shape, etc. In some embodiments, barrier 1104

can be a physical barrier formed by a permanent or temporary structure erected in physical



space 1102, such as a wall, a curtain, etc. Alternatively, in some embodiments, barrier 1104

can be an entirely virtual barrier that is presented by an HMD (e.g., HME 100-1), but which

does not correspond to a physical barrier.

[0151] In some embodiments, barrier 1104 can create multiple display spaces 1106

and 1108, which can, for example, act as the focal point of virtual rooms created by

barrier 1104. Note that although two display spaces are shown, this is merely an example,

and any suitable number of display spaces can be associated with a barrier, with potentially

multiple display spaces being presented on the same side of the barrier, with another group of

display spaces located on another side of the barrier.

[0152] In some embodiments, physical space 1102 can be subdivided into various

sections 1110-1 116, which can each correspond to a virtual sensor. For example, one or

more physical points within physical space 1102 can be designated as reference points for

determining in which section HMD 100 is located. In such an example, HMD 100 can

determine the distance to one or more of the points to determine the current section of

HMD 100. In such an example, the virtual sensors can be implemented by HMD 100. As

another example, signals from one or more active devices, such as Bluetooth beacons, can be

used to determine the current section of HMD 100. In some embodiments, when HMD 100-1

is present within section 1110 it can load content for display space 1106, and can present that

content when display space 1106 is within the field of view of user 312. When user 312

moves from section 1110 into section 1112, HMD 100-1 can load content for display space

1108 in preparation for the user moving around barrier 1104. In some embodiments, an order

in which content is presented in the display spaces can be based on any suitable information,

such as presentation information generated by a user of user computing device 220, as

described above in connection with FIGS. 2 and 5 . In some embodiments, as user 312

wearing HMD 100-1 moves into section 1114 such that display space 1108 is within the field

of view of user 312, HMD 100-1 can begin presenting the content loaded in connection with

display space 1108 when the user moved into section 1112.

[0153] In some embodiments, when user 312 moves into section 1116 from

section 1114, HMD 100-1 can load a next portion of content for space 1106 replacing the

previously loaded content associated with that space, such that when user 312 moves around

barrier 1104 HMD 100-1 presents new content in display space 1106. However, if user 312

moves back to section 1114 again, HMD 100-1 can load the previous content for display

space 1106 such that the user can move backward through the presentation. In some

embodiments, a sequence of content in a presentation can move forward while the user



moves clockwise around barrier 1104, and can move backward if the user begins moving

around the barrier counterclockwise. However, this is merely an example.

[0154] In some embodiments, the presentation can be designated to begin when an

HMD first enters section 1110 (or any other designated section), such that the same content is

presented in the same display spaces regardless of where the user enters physical space 1102.

Alternatively, in some embodiments, the presentation can being in the display space that is

closest to the user when the user first enters physical space 1102.

[0155] In some embodiments, HMDs associated with users that move around barrier

1104 together can be present the same content in display spaces 1106 and 1108 if the users

have moved around barrier 1104 the same number of times. This can facilitate a shared

experience among different users. In some such embodiments, two different HMDs that have

not moved around barrier 1104 the same number of times can present different content in

display spaces 1106 and 1108. Additionally or alternatively, in some embodiments, two or

more different HMDs can be linked together such that they present the same content in

display spaces 1106 and/or 1108. For example, a particular HMD can be designated as a

master HMD, and HMDs paired with the master HMD can present the same content in

display spaces 1106 and/or 1108 even if they do not move around barrier 1104 with the

master HMD. As another example, the linked HMDs can collectively determine which

content to display (e.g., based on where the majority of HMDs are located, based on the

HMD that has moved around barrier 1104 the most number of times, based the HMD that has

moved around barrier 1104 the least number of times, etc.). In some embodiments, two or

more different HMDs can be linked together using any suitable technique or combination of

techniques. For example, HMDs to be linked can based on the presence of a configuration

file designating the HMD as being linked with one or more other HMDs. As another

example, when initially entering physical space 1102, upon starting an application associated

with physical space 1102, etc., a user can be prompted to select a group as part of a setup

routine. In such an example, users that wish to have a shared experience can indicate that

they are part of the same group. As yet another example, each HMD that is to be linked

together can capture an image of a particular visual code (e.g., a QR code), which can cause

the HMDs to be linked. As still another example, a device paired with an HMD (e.g., a

smartphone, a tablet computer, etc.) can be used to select a group to join, and/or can select

one or more other HMDs to link to.

[0156] In some embodiments, HMD 100-1 can skip content that would otherwise be

presented as a wearer moves around the barrier to navigate to particular content. For



example, the user can cause a menu to be presented by HMD 100-1 (e.g., by pushing a

hardware button) on HMD 100-1, and from the menu a user can select a command to present

particular content, to advance through the content, etc. As another example, the user can

access an application on a paired device (e.g., a paired smartphone) to select content to be

presented, advance through the content, etc. As yet another example, HMD 100-1 can

receive an instruction and/or content from a server (e.g., server 204) indicating which content

is to be presented in display space 1106 and/or 1108, which can cause particular content to be

presented by HMD 100-1 .

[0157] In some embodiments, an order in which content is presented in display spaces

as users move around the barrier can be generated using any suitable technique or

combination of techniques. For example, as described above in connection with the stations

of FIG. 2, an administrative user can use an application to assemble a presentation that

includes an ordered list of content to be presented in the display spaces. As another example,

an order of the content can be randomly presented. As yet another example, an order in

which content is presented can be determined from an order in which it is stored in the corpus

of content. In some embodiments, the content to be presented in display spaces 1106

and/or 1108 can be preloaded on the HMD and/or can be received while a wearer is moving

through physical space 1102. For example, all of the content to be presented can be

downloaded, uploaded, side loaded, etc., to the HMD prior to the HMD beginning

presentation of the content. As another example, a portion of the content can be preloaded on

the HMD, and as the preloaded content is presented, the HMD can acquire additional content

(e.g., by downloading the content from server 204, by streaming the content from server 204,

etc.). As yet another example, the HMD can stream the content in real time on an as needed

basis.

[0158] FIG. 12 shows an example 1200 of a process for presenting a sequence of

content in a limited physical space in accordance with some embodiments of the disclosed

subject matter. As shown in FIG. 12, at 1202, process 1200 can determine an initial section

in which an HMD (e.g., HMD 100-1) is located from among various sections around a barrier

(e.g., barrier 1104). In some embodiments process 1200 can determine the initial section of

the HMD using any suitable technique or combination of techniques, such as based on signals

from one or more beacons (e.g., Bluetooth beacons), images captured by an image sensor of

the HMD, a GPS position of the HMD, etc. In some embodiments, the determination at 1202

can be made by the HMD and/or by another computing device, such as a server (e.g.,

server 204).



[0159] At 1204, process 200 can access content for a first presentation space

corresponding to at least the initial section and another section. For example, as described

above in connection with FIG. 11, two sections can be associated with one display space. In

some embodiments, the content to be presented in the first display space can be, for example,

a first portion of content in a sequence of content. In a more particular example, the content

to be presented in the first display space can be a first exhibit in a sequence of exhibits.

[0160] At 1206, process 1200 can present the content for the first display space. For

example, as described above in connection with FIG. 11, when the first display space is

within the user's field of view, process 1200 can cause the content for the first display space

to be presented.

[0161] At 1208, process 1200 can determine whether the HMD has moved to a last

section corresponding to a first display space. In some embodiments, each display space can

be associated with one or more sections from which the display space is visible.

Process 1200 can determine when an HMD moves into the last section corresponding to the

first display space using any suitable technique or combination of techniques, such as

techniques described above in connection with FIG. 11 and 1202. In some embodiments,

sections can be defined in a particular order such that moving through the sections in a first

direction causes a next portion of content from a presentation to be presented when the HMD

moves to a section corresponding to a next display space that was not viewable from the last

section corresponding to the first display space. For example, the last section can be

determined as the last section from which the first display space is viewable that is clockwise

from the first section. In such an example, as a user moves clockwise around a barrier a

presentation can progress forward through a sequence, such as a sequence of 3D scenes.

[0162] At 121 0, if process 1200 determines that the HMD has moved to the last area

corresponding to the first display space ("YES" at 1210), process 1200 can move to 1212. At

1212, process 1200 can access content for the next presentation space. In some

embodiments, process 1200 can access the content from internal memory, and/or from remote

storage (e.g., by downloading the content from a server, such as server 204). In some

embodiments, process 1200 can preload the content (such that it is ready to be presented

when the next display space comes into the field of view of the wearer of the HMD.

[0163] At 1214, process 1200 can determine whether the HMD has moved to a

section corresponding to the next display space (e.g., whether the user has moved around

barrier 1104). If process 1200 determines that the HMD has moved to the next display space

("YES" at 1214), process 1200 can cause the content corresponding to the next display space



to be presented, at 1216, when the next display space is within the field of view of the wearer

of HMD.

[0164] At 1210, if process 1200 determines that the HMD has not moved to the last

area corresponding to the first display space ("NO" at 1210), or if process 1200 determines

that the HMD has not moved to the next display space ("NO" at 1214), process 1200 can

move to 1218, and determine whether the HMD has moved back to a first section associated

with the first display space. Additionally, while presenting content for the next display space

at 1216, the user may move back into the sections associated with the first display space, and

process 1200 can move to 1218.

[0165] If process 1200 determines that the HMD has not moved back to the first

section corresponding to the first space ("NO" at 1218), process 1200 can return to 1208

where it can determine whether the HMD has moved to a last section associated with the

current display space (i.e., the next display space when the HMD was in the sections

corresponding to the first display space). Otherwise, if process 1200 determines that the

HMD has moved back to the first section corresponding to the first space ("YES" at 1218),

process 1200 can access a portion of content that precedes the currently presented content,

at 1220, such that the HMD can present the content if the HMD moves backward to the

previous display space (which may be the same physical space as the next display space). In

some embodiments, process 1200 can ensure that when the user moves to a next or previous

display space (e.g., on the other side of barrier 1104 in either direction), HMD is always

ready to present the content corresponding to that display space.

[0166] In some embodiments, process 1200 can be executed by an HMD or by a

server. Additionally or alternatively, certain portions of process 1200 can be executed by an

HMD, while other portions are executed by one or more other devices, such as a server, a

sensor, etc.

[0167] FIGS. 13A to 13D show examples of scenes from a replay of a recorded

session of HMDs being used to present content to use in accordance with some embodiments

of the disclosed subject matter. In some embodiments, HMDs 100 and/or server 204 can

record media (e.g., audio, video, and/or computer generated graphics) depicting the actions of

one or more users, and this media can be accessed for review (e.g., by one of the users, by an

instructor, etc.). FIG. 13A shows an example of a first review mode in which a first user

represented by avatar 1302 (HLA) and a second user represented by avatar 1304 (HLB) are

interacting with a virtual accident victim 1306 (AI) in accordance with some embodiments of

the disclosed subject matter. In the mode shown in FIG. 13A, text 1308 representing a



transcript of a conversation can be presented as the scene progresses. Additionally,

windows 1310 and 1312 can show first person views from the HMDs worn by first user 1302

and second user 1304, respectively. In some embodiments, different users can be represented

by different colored avatars (and/or personalized avatars), and windows 1310 and 1312 can

be color coded (and/or otherwise labeled) to clarify which user was viewing which portion of

the scene. In some embodiments, the content that is being reviewed can represent a virtual

reality session, and can include graphics and/or images of a scene which was presented to the

users via the HMDs worn by the users during the session that is being reviewed.

Additionally or alternatively, the content that is being reviewed can represent an augmented

reality (or other mixed reality) session, and may not include image date of the broad

environment in which the users were located, beyond image data captured by the HMDs (e.g.,

as shown in windows 1310 and 1312).

[0168] In some embodiments, any suitable computing device can be used to review

content recorded during a session. For example, a personal computer, laptop computer, tablet

computer, etc., can be used to present the review content as two dimensional images. As

another example, the content can be presented by an HMD (e.g., as an augmented reality or

virtual reality experience), and a wearer of the HMD can navigate around the recorded

content (e.g., to view the content from different points of view) by physically moving through

the scene, and the content that is presented by the HMD can be based on the user's current

position and field of view. As another example, a wearer of the HMD can issue one or more

commands to control which portion of the session is being presented (i.e., to navigate through

time), or to enter a different review mode (e.g., to present a bird's eye view, to present the

video content recorded by an HMD (and/or replay content associated with a point of view of

an HMD that was not recorded by the HMD, e.g., for a virtual reality review session) in a

fully immersive review mode (i.e., images corresponding to the field of view of the wearer of

the HMD are presented in a first person mode).

[0169] In some embodiments, during review of the content, a reviewed can select a

particular avatar (e.g., avatar 1302 or 1304), and/or a particular window (e.g., window 1310

or 1312) to enter a first person review mode in which the content corresponding to the first

person views associated with a particular user are presented as a main view (e.g., rather than

the third person view shown in FIG. 13A). In such a first person view, windows

corresponding to other users may or may not be presented.

[0170] FIG. 13B shows an example of another view of the scene shown in FIG. 13A

at a different point in time in accordance with some embodiments of the disclosed subject



matter. In some embodiments, a user reviewing the recording can navigate to any portion of

the recording, for example by fast forwarding or rewinding, dragging user interface element

13 14 along scrubber 1316, searching for a keyword (e.g., from a transcript), etc. FIG. 13C

shows an example of a bird's eye view of the scene shown in FIGS. 13A and 13B at yet

another time in accordance with some embodiments of the disclosed subject matter. In some

embodiments, a user can navigate to a particular point (in time) in the content using any

suitable technique or combination of techniques, and the technique(s) available may depend

on the hardware being used to present the content. For example, if the content is being

presented by a 2D display (e.g., by a personal computer or tablet computer), the user can use

user interface elements presented in connection with the content (not shown) to pause, play,

fast forward, rewind, skip, etc., by selecting the user interface elements (e.g., using a mouse,

a touchpad, a touchscreen, a game controller, etc.). As another example, if the content is

being presented by a 2D display or by an HMD, the user can use touch commands (e.g., on a

touchpad of a paired device, a touchscreen of a paired device, a touch sensitive input on the

HMD) to navigate through the content (e.g., tap for play/pause, swipe one direction for fast

forward, another direction for rewind, etc.). As yet another example, if the content is being

presented by a 2D display or by an HMD, the user can use voice commands to navigate

through the content.

[0171] FIG. 13D shows an example of a replay of an augmented reality session in

accordance with some embodiments of the disclosed subject matter. As shown in FIG. 13D,

video of the broader surrounding physical environment may not be available for replay, but

the avatars of the users, a hologram 13 18, and windows showing video recorded by the

HMDs can be presented, with or without audio and/or text representing a conversation during

recording of the video content.

[0172] In some embodiments, information that can be used to present content during

the review can be received by a computing device at any suitable time and using any suitable

technique or combination of techniques. In some embodiments, the content that was

presented during the session (e.g., 3D models, one or more virtual environments or portions

of virtual environments, etc.) can be received at any suitable time from any suitable source.

For example, the content can be downloaded, uploaded, sideloaded, etc., to the computing

device prior to the time at which it was used during the presentation, during the presentation,

and/or after the presentation. As another example, at least a portion of the content may

already be stored by the computing device (e.g., if the computing device was used to prepare

a presentation that presented during the session being reviewed, if the computing device is an



HMD configured to present the content that was presented during the presentation, etc.). In

some embodiments, information about dynamic portions of a session (e.g., position of

HMDs, audio, supplemental content, etc.) can be received at any suitable time. For example,

the computing device can receive recorded information about the position of HMDs in

relation to the presented content, the environment, and/or other HMDs in response to a

request to present a particular session (e.g., from a server such as server 204), As another

example, the computing device can receive the information about the position of HMDs in

relation to the presented content, the environment, and/or other HMDs during the session that

is to be reviewed (e.g., the computing device can record the information during the session).

As yet another example, the computing device can receive the information about the position

of HMDs in relation to the presented content, the environment, and/or other HMDs during

review of the session (e.g., the content can be streamed or otherwise communicated as it is

needed to review the session). In some embodiments, portions of the dynamic content can be

communicated using different formats. For example, information about the position of

HMDs, the content being presented, supplemental content, etc., can be communicated as an

XML file, and audio content and/or video content can be received as a media file.

[0173] FIG. 14 shows an example 1400 of a process for reviewing media recorded by

one or more HMDs in accordance with some embodiments of the disclosed subject matter.

As shown in FIG. 14, at 1402, process 1400 can receive a selection of content to be reviewed.

In some embodiments, the content to be reviewed can correspond to a particular session in

which HMDs were used to view an augmented reality presentation. For example, the content

to be reviewed can correspond to a lecture given to a group of students all utilizing HMDs to

follow along with the lecture. In some embodiments, the content can be organized in any

suitable fashion, such as by date, title, user, etc.

[0174] At 1404, process 1400 can download, stream, load, and/or otherwise access

the selected content. In some embodiments, the recorded content can be stored in any

suitable location by any suitable computing device. For example, the recorded content can be

stored by a user computing device (e.g., user computing device 220), by a server on a local

network, by a remote server, by network attached storage, etc. In some embodiments, the

selected content can be retrieved from storage for presentation at 1404.

[0175] At 1406, process 1400 can present recorded content from the selected session

in a selected or default mode (e.g., if no selection was made). For example, process 1400 can

present the recorded content from a bird's eye perspective, from a ground level perspective,

from the perspective of one of the HMDs that recorded the session, etc. In some



embodiments, process 1400 can present the text of a transcript.

[0176] At 1408, process 1400 can determine whether the viewing mode and/or one or

more settings has been updated. For example, a user can select a new viewing mode, can turn

text on or off, can turn audio on or off, can turn a view from a particular HMD on or off, etc.

If process 1400 determines that the viewing mode and/or one or more settings have been

updated ("YES" at 1408), process 1400 can move to 1410 and can present updated content

based on the new viewing mode and/or setting. Otherwise, if process 1400 determines that

the viewing mode and/or one or more settings have not been updated ("NO" at 1408),

process 1400 can move to 1412.

[0177] At 1412, process 1400 can determine whether input has been received to

navigate within the recorded content. For example, a user can search for a particular time or

keyword, can select a fast forward user interface element, can move a progress indicator

along a scrubber bar, etc. If process 1400 determines that input has been received to navigate

within the recorded content ("YES" at 1412), process 1400 can move to 1414, and can change

presentation of the content based on the received navigation input(s). Otherwise, if

process 1400 determines that input has not been received to navigate within the recorded

content ("NO" at 1412), process 1400 can return to 1406 and continue to present content in a

current viewing mode with current settings.

[0178] In some embodiments, any suitable computer readable media can be used for

storing instructions for performing the functions and/or processes described herein. For

example, in some embodiments, computer readable media can be transitory or non-transitory.

For example, non-transitory computer readable media can include media such as magnetic

media (such as hard disks, floppy disks, etc.), optical media (such as compact discs, digital

video discs, Blu-ray discs, etc.), semiconductor media (such as RAM, Flash memory,

electrically programmable read only memory (EPROM), electrically erasable programmable

read only memory (EEPROM), etc.), any suitable media that is not fleeting or devoid of any

semblance of permanence during transmission, and/or any suitable tangible media. As

another example, transitory computer readable media can include signals on networks, in

wires, conductors, optical fibers, circuits, any other suitable media that is fleeting and devoid

of any semblance of permanence during transmission, and/or any suitable intangible media.

[0179] It will be appreciated by those skilled in the art that while the disclosed subject

matter has been described above in connection with particular embodiments and examples,

the invention is not necessarily so limited, and that numerous other embodiments, examples,

uses, modifications and departures from the embodiments, examples and uses are intended to



be encompassed by the claims attached hereto. The entire disclosure of each patent and

publication cited herein is hereby incorporated by reference, as if each such patent or

publication were individually incorporated by reference herein.

[0180] Various features and advantages of the invention are set forth in the following

claims.



CLAIMS

1. A system for displaying interactive augmented reality presentations,

comprising:

a plurality of head mounted displays, wherein a first head mounted display of

the plurality of head mounted displays comprises:

a transparent display; and

at least one processor, wherein the at least one processor is

programmed to:

determine that a first physical location of a plurality of physical

locations in a physical environment of the head mounted display is located closest to the head

mounted display;

receive first content comprising a first three dimensional

model;

receive second content comprising a second three dimensional

model;

present, using the transparent display, a first view of the first

three dimensional model at a first time; and

present, using the transparent display, a first view of the second

three dimensional model at a second time subsequent to the first time based on one or more

instructions received from a server.

2 . The system of claim 1, wherein the at least one processor is further

programmed to receive the instructions from the server at a third time that is subsequent to

the first time and precedes the second time, wherein the one or more instructions include at

least one instruction to cause the first head mounted display to cease presenting the first

content and begin presenting the second content in response to receiving the one or more

instructions.

3 . The system of claim 2, further comprising the server, wherein the server:

receives an indication that the second content is to be presented; and

in response to receiving the indication that the second content is to be

presented, transmits the one or more instructions to at least the first head mounted display.



4 . The system of claim 3, further comprising a second head mounted display of

the plurality of head mounted displays, wherein the second head mounted display comprises

at least one second processor, wherein the at least one second processor is programmed to

cause the second head mounted display to act as the server.

5 . The system of claim 1, wherein the first content and the second content are

received as part of a corpus of content prior to presenting the first content.

6 . The system of claim 1, wherein the first content is received prior to the first

time and the second content is received subsequent to the first time.

7 . The system of claim 6, wherein the at least one processor is further

programmed to request the second content in response to receiving the indication that the

second content is to be presented.

8 . The system of claim 6, wherein the at least processor is further programmed to

receive the second content from the server as pushed content to be presented without

transmitting a request for the second content.

9 . The system of claim 1, further comprising a head tracking system, wherein the

at least one hardware processor is further programmed to:

receive an indication that the first content is to be presented at a first physical

location of a plurality of physical locations in a physical environment of the first head

mounted display;

receive an indication that the second content is to be presented at a second

physical location of the plurality of physical locations in the physical environment of the first

head mounted display;

present, using the transparent display, the first view of the first three

dimensional model at the first physical location based at least in part on a first head position

in relation to the first physical location determined from information output by the head

tracking system;

determine, based on information output by the head tracking system, a second

head position in relation to the first physical location that is different than the first head

position;



in response to determining the second head position, present a second view of

the first three dimensional model based on the second head position;

determine that the second physical location of the plurality of physical

locations in the physical environment of the head mounted display is located closest to the

head mounted display of the plurality of physical locations;

in response to determining that the second physical location is located closest

to the head mounted display of the plurality of physical locations, present the second three

dimensional anchored at the second physical location.

10. The system of claim 9, wherein the at least one hardware processor is further

programmed to inhibit presentation of the first three dimensional model at the first physical

location in response to determining that the second physical location is located closest to the

head mounted display of the plurality of physical locations.

11. The system of claim 9, wherein the head tracking system comprises an inertial

measurement unit.

12. The system of claim 9, wherein the at least one processor is further

programmed to request the second content from the server in response to determining that the

head mounted display moved into closer proximity to the second physical location.

13. The system of claim 9, wherein the at least processor is further programmed to

receive the second content from the server as pushed content to be presented without

transmitting a request for the second content.

14. The system of claim 1, further comprising:

a computing device comprising:

at least one input device; and

at least one third processor that is programmed to:

receive input from the input device indicating that the first

content is to be associated with the first physical location, and that the second content is to be

associated with the second physical location; and

transmit information to a server indicating that the first content

is to be associated with the first physical location, and that the second content is to be



associated with the second physical location, wherein the information is formatted as an

Extensible Markup Language (XML) document.

15. The system of claim 1, further comprising:

a user input device configured to communicate with the first head mounted

display, wherein the user input device comprises:

a second inertial measurement unit; and

at least one fourth processor that is programmed to:

transmit information indicative of physical movements of the

user input device to the first head mounted display; and

wherein the at least one processor of the first head mounted display is further

programmed to:

present a first user interface element in connection with the first three

dimensional model in a location that is based on the information indicative of physical

movements of the user input device; and

transmit information to a server indicating the location of the user

interface element in relation to the first three dimensional model; and

a second head mounted display of the plurality of head mounted displays

comprising at least one fifth processor that is programmed to:

receive one or more instructions from the server indicating the location

at which the user interface element is to be presented in relation to the first three dimensional

model;

present the user interface element at a location with respect to the first

three dimensional model based on the information received from the server related to the

location of the user interface element in relation to the first three dimensional model.

16. The system of claim 15, wherein the user interface element is presented as a

dot at the location.

17. The system of claim 1, further comprising at least one image capture device,

wherein the at least one processor is further programmed to:

capture an image of a code displayed by a mobile computing device; and

transmit information encoded in the image to a server to cause the first head

mounted display to be paired with the mobile computing device.



18 . The system of claim 17, wherein the at least one processor is further

programmed to:

prompt a user to log in to a service provided at least in part by the server using

the mobile computing device; and

prompt the user to capture the image of the code to log in the first head

mounted display to the service.

19. The system of claim 1, wherein the first physical location is associated with at

least a first section of the physical environment on a first side of a barrier in the physical

environment and a second section of the physical environment on the first side of the barrier,

and the second physical location is associated with at least a third section of the physical

environment on a second side of the barrier and a fourth section of the physical environment

on the second side of the barrier, the second section being disposed between the first section

and the third section in the physical environment, and wherein the at least one hardware

processor is configured to:

determine that the first head mounted display is disposed within the first

section;

in response to determining that the first head mounted display is disposed

within the first section, present the first content at the first physical location;

determine that the first head mounted display has moved into the third section;

and

in response to determining that the first head mounted display has moved into

the third section, present the second content at the second physical location.

20. The system of claim 19, wherein the at least one hardware processor is

configured to:

receive third content comprising a third three dimensional model;

determine that the first head mounted display has moved into the fourth

section;

in response to determining that the first head mounted display has moved into

the fourth section, load the third content into working memory of the first head mounted

display;

determine that the first head mounted display has moved from the fourth

section into the first section; and



in response to determining that the first head mounted display has moved from

the fourth section into the first section, present the third content that was loaded in the

working memory of the first head mounted display.

21. The system of claim 1, further comprising a server, wherein the server is

programmed to:

receive information about the position of the first head mounted display during

presentation of the first content by the first head mounted display during a first time period;

receive video that corresponds to a field of view of a wearer of the first head

mounted display captured during the first time period;

record the information about the position of the first head mounted display;

record the video corresponding to the field of view of the first head mounted

display during the first time period;

receive information about the position of a second head mounted display

during presentation of the first content by the second head mounted display during the first

time period;

receive video that corresponds to a field of view of a wearer of the second

head mounted display captured during the first time period;

record the information about the position of the second head mounted display;

record the video corresponding to the field of view of the second head

mounted display during the first time period;

receive, from a first computing device, a request to present content recorded

during the first time period; and

cause the first computing device to simultaneously:

present the first content;

present a first avatar in a first position relative to the first content based

on the recorded information about the position of the first head mounted display;

present a second avatar in a second position relative to the first content

based on the recorded information about the position of the second head mounted display;

a first window showing a portion of the video captured by the first

head mounted display when the first head mounted display was at the first position; and

a second window showing a portion of the video captured by the

second head mounted display when the second head mounted display was at the second

position.



22. The system of claim 21, wherein the server is further programmed to:

present, in connection with the first avatar, a first user interface element

indicative of the line of sight of the wearer of the first head mounted display; and

present, in connection with the second avatar, a second user interface element

indicative of the line of sight of the wearer of the second head mounted display.

23. The system of claim 1, wherein a second head mounted display of the plurality

of head mounted displays comprises:

a virtual reality display; and

at least one processor, wherein the at least one processor is programmed to:

receive the first content;

receive the second content;

present, using the virtual reality display, the first view of the first three

dimensional model at the first time; and

present, using the virtual reality display, the first view of the second

three dimensional model at the second time subsequent to the first time.

24. A system for displaying interactive augmented reality presentations,

comprising:

a plurality of head mounted displays, wherein each of the plurality of head

mounted displays is configured to:

receive content from a server including first content and second

content;

present the first content based at least in part on proximity of the head

mounted display to a first physical location in a physical environment, wherein a first head

mounted display of the plurality of head mounted displays and a second head mounted

display of the plurality of head mounted displays that are located near the first physical

location at a first time simultaneously present the first content at the first physical location

with the same orientation with respect to the first physical location based on proximity to the

first physical location; and

present the second content based at least in part on proximity of the

first head mounted display to a second physical location in the physical environment, wherein

a third head mounted display of the plurality of head mounted displays and a fourth head

mounted display of the plurality of head mounted displays that are located near the second



physical location at the first time simultaneously present the second content at the second

physical location with the same orientation with respect to the second physical location based

on proximity to the second physical location.

25. A system for displaying interactive content, comprising:

a head mounted display, comprising a virtual reality display, wherein the head

mounted display is configured to:

receive content including first content, second content, and third

content;

receive first presentation information and second presentation

information;

present, based on the first presentation information, the first content at

a first location based at least in part on proximity of a location of the head mounted display to

the first location in an environment;

present, based on the first presentation information, the second content

at a second location based at least in part on proximity of the head mounted display to a

second location in the environment; and

present, based on the second presentation information, the third content

at a first location based at least in part on proximity of a location of the head mounted display

to the first location in an environment.



































INTERNATIONAL SEARCH REPORT International application No.

PCT/US 17/64781

A . CLASSIFICATION O F SUBJECT MATTER
IPC(8) - G02B 27/01 , G06T 19/00 (201 8.01 )
CPC - G02B 27/01 79, G02B 27/01 7 , G02B 2027/01 87, G06T 19/006

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

See Search History Document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

See Search History Document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

See Search History Document

C . DOCUMENTS CONSIDERED O BE RELEVANT

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

US 2016/0260251 A 1 (Sony Computer Entertainment Inc.), 08 September 2016 (08.09.2016), 1-25
entire document, especially Abstract; Para [0014], [0049], [00/4], [01U1J, [ 117]-[01 18]

US 2016/0343168 A 1 (DAQRI, LLC), 24 November 2016 (24.1 1.2016), entire document, 1-23
especially Abstract; Para [0052], [0021], [0038]-

US 2016/0093108 A 1 (Sony Computer Entertainment Inc.), 3 1 March 2016 (31 .03.2016), entire 24
document, especially Abstract; Para [0035], [0057], [0075], [0077], [0079]

US 2014/0306994 A 1 (Brown et al.), 16 October 2014 (16.10.2014), entire document, especially 25
Abstract; Para [0016]-[0017], [0049]-[0050]

US 2013/0137076 A 1 (Perez et al.), 30 May 2013 (30.05.2013), entire document, especially 4 , 15-16,
Abstract; Para [0041]-[0045], [0127]

US 2015/0091942 A 1 (KOREA INSTITUTE OF SCIENCE AND TECHNOLOGY), 02 April 2015 14
(02.04.2015), entire document, especially Abstract; d [0003]-[000G]

US 2015/0050887 A 1 (BlackBerry Limited), 19 February 2015 (19.02.2015), entire document, 17-18
especially Abstract; Para [0100]-[0105]

US 2015/0199849 A 1 (LG ELECTRONICS INC), 16 July 2015 (16.07.2015), entire document 1-25

US 2014/0160165 A 1 (KOREA INSTITUTE OF OCEAN SCIENCE AND TECHNOLOGY), 12 1-25
June 2014 (12.06.2014), entire document

I Further documents are listed in the continuation of Box C. | | See patent family annex.

Special categories of cited documents: "T" later document published after the international filing date or priority
document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be. of particular relevance the principle or theory underlying the invention
earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other
special reason (as specified) "Y" document of particular relevance; the claimed invention cannot be

considered to involve an inventive step when the document is
document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
document published prior to the international filing date but later than "&" document member of the same patent family
the priority date claimed

Date of the actual completion o f the international search Date of mailing of the international search report

10 February 2018 2 8 F EB 2018
Name and mailing address of the ISA/US Authorized officer:

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Lee W. Young
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Form PCT/lSA/210 (second sheet) (January 20 15)


	abstract
	description
	claims
	drawings
	wo-search-report

