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(54) RENDERING VIRTUAL OBJECTS IN 3D ENVIRONMENTS

(57) Systems, methods, devices, and other tech-
niques for placing and rendering virtual objects in
three-dimensional environments. The techniques in-
clude providing, by a device, a view of an environment
of a first user. A first computing system associated with
the first user receives an instruction to display, within the
view of the environment of the first user, a virtual marker

at a specified position of the environment of the first user,
the specified position derived from a second user’s inter-
action with a three-dimensional (3D) model of at least a
portion of the environment of the first user. The device
displays, within the view of the environment of the first
user, the virtual marker at the specified position of the
environment of the first user.
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Description

BACKGROUND

[0001] This specification generally relates to compu-
ter-based techniques for placing and rendering virtual
objects in three-dimensional (3D) environments.
[0002] Various computing systems have been devel-
oped that render 3D environments. By way of example,
virtual reality (VR) systems render a 3D environment that
can be presented to a user wearing a head-mounted dis-
play. The head-mounted display may include an elec-
tronic display screen and optical lenses through which
the user views the screen and the displayed 3D environ-
ment. The system can render the 3D environment ster-
eoscopically on the screen, which creates the illusion of
depth to a user when viewed through the lenses of the
head-mounted display. Some VR systems provide an im-
mersive user experience so the user feels as if he or she
is actually present in the virtual environment. Some VR
systems allow a user to look or move around the 3D en-
vironment, and to manipulate virtual objects within the
3D environment.
[0003] As another example, augmented reality sys-
tems have been developed that augment views of a real-
world environment with virtual objects. The virtual objects
can be formatted so that they appear as if they are part
of the real-world environment, such as a virtual robot that
appears in live video of a laboratory setting or a virtual
pet that appears in live video of a residence. Some aug-
mented reality systems are mixed reality systems, which
augment direct real-world views of an environment with
virtual objects that appear as if they are located in the
environment. A direct real-world view of the environment
may be seen through fully or semitransparent lenses of
a head-mounted display device, for example, in contrast
to a video feed of the environment that provides an indi-
rect view.

SUMMARY

[0004] This specification describes, among other
things, techniques for placing and rendering virtual ob-
jects in a 3D environment. Computing systems config-
ured according to the techniques disclosed herein may
allow remotely located users to coordinate tasks that in-
volve physical interaction with objects in the environment
of one of the users. By way of example, a first user may
be a field worker performing diagnostic, maintenance, or
repair work on a target device in the field worker’s envi-
ronment, and a second user may have expertise in work-
ing on such devices but is not physically present with the
first user. The system may present a 3D model of the
target device to the second user, who can then interact
with the model and add virtual markers on or near the
model to identify locations where the first user should
perform some action to further the diagnostic, mainte-
nance, or repair work. The system may then render virtual

markers for the field worker in a real-world view of the
field worker’s environment. For instance, the system may
render the virtual markers by augmenting the field work-
er’s real-world view of the environment using a mixed-
reality head-mounted display device. Thus, as the user
physically works on the target device, the virtual markers
appear as if they are actually located at fixed points in
space or are located on the target device in the field work-
er’s environment.
[0005] Some implementations of the subject matter
disclosed herein include a computer-implemented meth-
od. The method can include providing, by a device, a
view of an environment of a first user. A first computing
system associated with the first user receives an instruc-
tion to display, within the view of the environment of the
first user, a virtual marker at a specified position of the
environment of the first user, the specified position de-
rived from a second user’s interaction with a three-di-
mensional (3D) model of at least a portion of the envi-
ronment of the first user. The device displays, within the
view of the environment of the first user, the virtual marker
at the specified position of the environment of the first
user.
[0006] These and other implementations can option-
ally include one or more of the following features.
[0007] The instruction to display the virtual marker at
the specified position of the environment of the first user
can include a coordinate value that identifies the position
of the virtual marker in a 3D space. The coordinate value
can identify the position of the virtual marker in a 3D space
of a second environment other than the environment of
the first user. The system can further map the coordinate
from the 3D space of the second environment to the 3D
space of the environment of the first user to determine a
corresponding position of the virtual marker in the envi-
ronment of the first user. The coordinate value can iden-
tify the position of the virtual marker in the 3D space of
the second environment using a first 3D offset from one
or more anchor points of the second environment. Map-
ping the coordinate from the 3D space of the second
environment to the 3D space of the environment of the
first user can include (1) identifying one or more anchor
points of the environment of the first user, and (2) apply-
ing, using the coordinate value, a second 3D offset from
the one or more anchor points of the environment of the
first user to identify the corresponding position of the vir-
tual marker in the environment of the first user.
[0008] Displaying the virtual marker at the specified
position of the environment of the first user can include
superimposing the virtual marker over the view of the
environment of the first user so that the virtual marker
visually appears as if it is located a distance from the first
user at the specified position of the environment.
[0009] The second user’s interaction with the 3D model
of the at least the portion of the environment of the first
user can occur while the second user is remotely located
from the environment of the first user.
[0010] The 3D model of the at least the portion of the
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environment of the first user can include a 3D model of
a target object located in the environment of the first user.
The second user’s interaction with the 3D model of the
at least the portion of the environment can include placing
the virtual marker at a particular location on a surface of
the 3D model of the target object. Displaying the virtual
marker at the specified position of the environment of the
first user can include displaying the virtual marker at a
corresponding location on a surface of the target object
within the view of the environment of the first user.
[0011] The first computing system can obtain, from one
or more spatial sensors, spatial sensing data that indi-
cates spatial characteristics of the environment of the
first user. Based on the spatial sensing data, the first
computing system can generate the 3D model of the at
least the portion of the environment of the first user.
[0012] The first computing system can analyze the 3D
model of the at least the portion of the environment of
the first user to identify a virtual object in the 3D model
of the at least the portion of the environment of the first
user that represents a target object located in the envi-
ronment of the first user. The system can generate a 3D
model of the target object by extracting the identified vir-
tual object from the 3D model of the at least the portion
of the environment of the first user. The second user can
specify the position of the virtual marker by placing the
virtual marker at a particular location in a virtual environ-
ment that includes the 3D model of the target object.
[0013] The device can be a head-mounted display
(HMD) device, wherein the HMD device displays the vir-
tual marker at the specified position of the environment
of the first user while the first user is wearing the HMD
device.
[0014] Providing the view of the environment of the first
user can include generating an augmented view of the
environment that shows one or more virtual objects at
fixed positions in a 3D space of the environment.
[0015] Some implementations of the subject matter
disclosed herein include a computer-implemented meth-
od. The method can include receiving, by a computing
system, data that represents a 3D model of at least a
portion of an environment of a first user; rendering, by
the computing system for display to a second user, the
3D model of the at least the portion of the environment
of the first user; identifying, by the computing system,
that a user input placed a virtual marker at a specified
position of a virtual environment that includes the 3D
model of the at least the portion of the environment of
the first user; and transmitting, by the computing system,
an instruction for the virtual marker to be displayed within
a view of the environment of the first user at a specified
position of the environment of the first user that corre-
sponds to the specified position of the virtual environment
at which the user input placed the virtual marker.
[0016] These and other implementations can option-
ally include one or more of the following features. Ren-
dering the 3D model of the at least the portion of the
environment of the first user can include augmenting a

direct real-world view of a second environment of a sec-
ond user with the 3D model of the at least the portion of
the environment of the first user.
[0017] A head-mounted display (HMD) device can be
used to augment the direct real-world view of the second
environment of the second user with the 3D model of the
at least the portion of the environment of the first user.
[0018] A portable computing device or a 3D-display
device can be used to render the 3D model of the at least
the portion of the environment of the first user.
[0019] The 3D model of the at least the portion of the
environment of the first user can include a virtual object
that represents a target object that is located in the en-
vironment of the first user. The system generates a 3D
model of the target object from the 3D model of the at
least the portion of the environment of the first user. Iden-
tifying that the user input placed the virtual marker at the
specified position of the virtual environment can include
identifying that the user input placed the virtual marker
at a particular location on a surface of the 3D model of
the target object.
[0020] After transmitting the instruction for the virtual
marker to be displayed within the view of the environment
of the first user, the system can perform further opera-
tions that include: receiving data that identifies a position
in the environment of the first user at which a physical
implement has been brought into contact with or proxim-
ity of the target object; and rendering, by the computing
system and for display to the second user within the vir-
tual environment, a virtual marker that represents the
physical implement at a position relative to the 3D model
of the target object that corresponds to the position in the
environment of the first user at which the physical imple-
ment was brought into contact with or proximity of the
target object.
[0021] The system can perform further operations that
include displaying the virtual marker that represents the
physical implement concurrently with the placed virtual
marker, and receiving a second user input that indicates
whether the physical implement was properly positioned
with respect to the target object, wherein in response to
identifying that the second user input indicates that the
physical implement was not properly positioned with re-
spect to the target object, the computing system is con-
figured to transmit a notification to a computing system
associated with the first user.
[0022] The 3D model of the at least the portion of the
environment of the first user can include a 3D model of
a target object located in the environment of the first user.
The system can perform further operations that include
receiving sensor data that identifies values for one or
more operational parameters of the target object, and
rendering, for display to the second user along with the
3D model of the target object, user interface elements
representing the values for the one or more operational
parameters of the target object.
[0023] Additional implementations of the subject mat-
ter disclosed herein include one or more computer-read-
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able media encoded with instructions that, when execut-
ed by one or more processors, cause the one or more
processors to perform any of the methods/processes dis-
closed herein. The computer-readable media may further
be part of a computing system that includes the one or
more processors.
[0024] Some implementations of the subject matter de-
scribed herein may, in certain instances, achieve one or
more of the following advantages. First, the system may
facilitate improved communication between a first user
and a remotely located second user. For example, the
first user may be a field user performing diagnostics, re-
pairs, or maintenance on a device in the first user’s en-
vironment. If the second user has expertise with respect
to the device, the second user may provide remote as-
sistance to the first user by precisely placing virtual mark-
ers at particular locations in a virtual environment relative
to a 3D model of the device. By providing a 3D model of
the device in the first user’s environment, the second
user may more easily and accurately place virtual mark-
ers on or near specific locations of the device than what
otherwise may be feasible if the second user interacted
with a two-dimensional representation of the device such
as images or a video stream of the first user’s environ-
ment. Second, by augmenting a real-world view of the
first user’s environment with virtual markers placed by
the second user, the first user may more readily visualize
the precise location of the virtual marker in three dimen-
sions of the real-world environment. Third, by affording
more accurate placement and visualization of virtual
markers in 3D environments, the number of required
transmissions between a field computing system and a
remote computing system may be reduced due to better
initial placement of the markers. Fourth, the amount of
data required to identify a coordinate and, optionally, an
orientation for a virtual marker may be relatively small as
compared to some techniques for communicating posi-
tional information by voice or video. Accordingly, the use
of virtual markers to convey positional information be-
tween remotely located users may reduce communica-
tion latency and conserve channel bandwidth. Fifth, by
extracting target objects or portions of a 3D model of an
environment, the file size for the transmitted model may
be reduced thereby conserving channel bandwidth and
reducing transmission times. Sixth, a gaze-activated us-
er interface element that is maintained in a collapsed
state may allow detailed information to be made available
to a user based on a direction of the user’s gaze while
preserving the ability of a user to inspect a real-world
view of an environment with minimal distractions.
[0025] Additional features and advantages will be ap-
parent from the description, the claims, and the drawings
to one of ordinary skill in the art.

DESCRIPTION OF DRAWINGS

[0026]

Figures 1A-1F illustrate an example conceptual
process by which a field worker communicates with
a remote expert to perform maintenance or repairs
on a furnace located in the field worker’s environ-
ment. A system facilitates the ability of the remote
expert to convey precise information to the field
worker for certain repair or maintenance tasks.
Figure 2 is a block diagram of an example remote
modeling system that renders remote environments
and augments the environments with virtual objects.
Figures 3A-3C provide a flowchart of an example
process for placing and rendering virtual markers in
remotely located environments.
Figures 4A-4D illustrate a physical control object that
can be employed in augmented and mixed reality
systems to provide efficient access to user interface
elements that are superimposed in a view of a real-
world environment.
Figure 5 is a flowchart of an example process for
monitoring user interactions with a physical control
object and providing access to user interface ele-
ments according to the user interactions.
Figures 6A-6D illustrate techniques for interacting
with a gaze-activated user interface element in an
augmented view of a real-world environment.
Figure 7 is a flowchart of an example process for
monitoring and responding to user interactions with
a gaze-activated user interface element.
Figure 8 is a schematic diagram of a computer sys-
tem, which can be used to carry out the operations
described in association with the computer-imple-
mented methods, systems, devices, and other tech-
niques described herein.

[0027] Like reference numbers and designations
among the various drawings indicate like elements.

DETAILED DESCRIPTION

[0028] Figures 1A-1F illustrate stages of an example
process by which a remote modeling system enables
communications between a field user 102 and an expert
user (not shown) who are located remotely from each
other. The field user 102 is located in a field environment
in which the field user 102 can physically interact with
one or more target objects that exist in the field environ-
ment. In the example of Figures 1A-1F, the target object
is a furnace system 104. For instance, the field user 102
may be an HVAC technician performing repair or main-
tenance work on the furnace system 104 in a basement
or other mechanical room of a building. During the course
of the repair or maintenance work, the field user 102 may
wish to consult with another user, e.g., a user who has
expertise with the particular model of the furnace system
104, a supervisor who performs a remote quality check
on the field user’s work, or a homeowner who is away
during the repair or maintenance work. For the purpose
of this example, the second user that the field user 102
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communicates with via the remote modeling system is
referred to as an expert user.
[0029] Beginning at Figure 1A, the field user 102 de-
ploys a field-based portion of the remote modeling sys-
tem, e.g., field system 202, to perform spatial modeling
of the field user’s ambient environment. The system may
include a spatial modeling engine that uses data obtained
from a spatial sensing subsystem to generate a 3D model
of the field user’s surrounding environment, or a specified
portion thereof. The spatial sensing subsystem may in-
clude, for example, an infrared emitter that emits a pattern
of infrared light in the field environment and a depth cam-
era that detects distortions in the infrared patterns pro-
jected onto surfaces of the environment to determine dis-
tances of the surfaces from the camera. The spatial mod-
eling engine can use the data sensed by the depth cam-
era to generate a 3D model of the environment. In some
instances, the field user 102 may aim the spatial sensing
subsystem at a target object, e.g., furnace system 104,
in the environment and may walk around the target object
to scan the object from different angles in order to gen-
erate a complete 3D model of the target object within the
field user’s ambient environment.
[0030] The field user 102 uses a display device to view
the target object and other aspects of the environment.
Figure 1A shows a view 100 of the ambient environment
of the field user 102 with particular focus on furnace sys-
tem 104. The view 100 may be provided by the display
device, which in some implementations is a head-mount-
ed display (HMD). With the HMD, the field user 102 is
enabled to don the device on his or her head and be
immersed in the view 100 of the ambient environment.
[0031] In some implementations, the view 100 is a real-
world view of the ambient environment in which the am-
bient environment is shown directly, e.g., through lenses
of the HMD, or is shown indirectly, e.g., on an opaque
display screen that shows live images or videos of the
ambient environment in the field of view of a camera. For
a direct real-world view, the HMD may be a mixed-reality
display that allows a user to view the ambient environ-
ment through at least partially transparent lenses while
also augmenting the view with virtual objects rendered
over the lenses such that the virtual objects appear as if
they are located within the ambient environment itself.
An example mixed-reality HMD is the MICROSOFT®
HOLOLENS®. For an indirect real-world view, the HMD
may be a virtual reality device that includes a near-eye
display (e.g., an LCD or LED display) and which shows
a 3D video of the ambient environment of the field user
102. In other implementations, an indirect real-world view
of the ambient environment of the field user 102 may be
provided on desktop monitors, televisions, or portable
displays that are not worn by the user 102 and not nec-
essarily designed for immersive, near-eye viewing. For
the purpose of discussion, the real-world view 100 de-
scribed in the example of Figures 1A-1F is assumed to
be a direct real-world view provided by a mixed-reality
HMD.

[0032] After the spatial modeling engine has generated
a 3D model of the ambient environment of the field user
102, the system transmits data representing a 3D model
of at least a portion of the ambient environment to a re-
mote system. In some implementations, the transmitted
3D model is the complete model of the ambient environ-
ment as generated by the spatial modeling engine. In
other implementations, the transmitted 3D model may
represent less than all of the ambient environment. For
example, the system may identify the furnace system
104 as the target object in the field user’s environment.
Based on identifying the furnace system 104 as the target
object, the system may extract the portion of the 3D mod-
el that corresponds to just the furnace system 104 from
the 3D model of the ambient environment as a whole
(e.g., to the exclusion of surroundings that are not perti-
nent to the furnace system 104) to generate a 3D model
of the furnace system. The field computing system can
then transmit the 3D model of the furnace to a remote
portion of the modeling system that is associated with
the expert user, e.g., remote system 204.
[0033] Figure 1B is a view 150 of a rendered 3D model
154 of the furnace system 104 from the ambient environ-
ment of the field user. The remote computing system
generates the view 150 for the expert user, who is pro-
viding remote assistance to the field user 102 with respect
to the repair or maintenance task on the furnace 104.
The system can present the 3D furnace model 154 to the
expert user in various ways. In some implementations,
the expert user uses a mixed-reality HMD to display the
virtual field environment so that the 3D furnace model
154 is rendered as a virtual object that augments a direct
real-world view 150 of the expert user’s ambient environ-
ment. For example, the expert user may work in a lab or
a shop, which can be seen through the transparent lenses
of the mixed-reality HMD. Upon receiving the 3D furnace
model 154 from the field computing system, the expert
user’s mixed-reality HMD may augment the expert user’s
view 150 with a virtual rendering of the furnace using the
3D furnace model 154. The 3D furnace model 154 may
be virtually located in the view 150 of the expert user’s
environment in a natural position, e.g., set on a floor at
a fixed location of the environment. While wearing the
mixed-reality HMD, the expert user may physically move
around the virtual rendering of the furnace 104 to view
and inspect the target object from various angles. In other
implementations, the remote modeling system may
render the 3D furnace model 154 for the expert user using
other types of displays. For example, the system may
render the 3D furnace model 154 in a user interface on
the screen of a tablet computing device, on a desktop
monitor, or a television monitor. In some instances, the
3D furnace model 154 may be rendered on a 3D monitor
that employs a stereoscopic display to give the percep-
tion of depth to the model 154.
[0034] The remote modeling system is configured to
allow the expert user to interact with the 3D model of the
target object. The expert user may "annotate" the 3D
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model of the target object in a virtual field environment
by adding virtual markers to the environment in which
the 3D model of the target object is rendered.
[0035] Virtual markers are generally virtual objects that
augment a view of a 3D environment and that identify
particular locations in the 3D environment specified by a
user. As shown in Figure 1C, for example, the expert
user has added a virtual marker 156 proximate to a cou-
pling on a gas pipe of the 3D model of the furnace 104
from the ambient environment of the field user 102. The
expert user may specify precisely where the virtual mark-
er should be placed in the 3D environment so as to ac-
curately convey location (position) information to the field
user 102. Thus, if the expert user suspects that a leak or
other problem may exist with the top coupling on the gas
pipe of the furnace, the virtual marker can be placed on
or near that coupling. The location of a virtual marker 156
can be specified in any suitable way according to the
manner in which the 3D model 154 is presented. For
implementations in which the 3D model 154 is displayed
on a tablet, the expert user may use touchscreen ges-
tures to rotate, pan, or zoom the 3D model 154 and to
drag a virtual marker to a desired location. For implemen-
tations in which the 3D model 154 is displayed with an
HMD device in a mixed-reality environment or a virtual
reality environment, the expert user may use hand ges-
tures or a pointing device to indicate in 3D space the
desired location of the virtual marker.
[0036] In some implementations, a virtual marker can
present additional information beyond just location or po-
sitional information. To convey additional information to
the field user 102, the expert user may, for instance, spec-
ify an orientation of the virtual marker, assign a particular
appearance (e.g., a selected 3D model) to the virtual
marker, animate the virtual marker, add media content
to the virtual marker, or add a note or other text to the
virtual marker. For example, the expert user may suggest
a particular tool (implement) for the field user 102 to use
when working on the pipe coupling by selecting a 3D
model for that tool. Similarly, the field user 102 may add
a short note next to the selected 3D model indicating
instructions for using the tool. In some implementations,
the system may automatically select an icon for a virtual
marker that matches a type of supplemental content add-
ed to a virtual marker. For example, a second virtual
marker 158 shown in Figure 1C includes audio content.
The system therefore uses a speaker icon to alert the
field user 102 that audio content can be played from the
virtual marker, such as a recording of verbal instructions
from the expert user.
[0037] After the expert user confirms the placement of
one or more virtual markers in the 3D environment on or
around the 3D model of the target object, the remote
modeling system transmits data representing the virtual
markers to the field portion of the system. The field portion
of the system can then process the received data repre-
senting the virtual markers placed by the expert user to
render the virtual objects in the view 100 of the ambient

environment of the field user 102. For example, in Figure
ID, a first virtual marker 106 corresponding to virtual
marker 156 is rendered on or near the furnace pipe’s top
coupling in a location that corresponds to the location of
the virtual marker 156 relative to the 3D model of the
furnace 104. Likewise, a second virtual marker 108 cor-
responding to virtual marker 158 is rendered near the
base of the furnace at a location that corresponds to the
location of the virtual marker 158 relative to the 3D model
of the furnace 104. For implementations in which the view
100 is a direct real-world view of the ambient environment
generated by a mixed-reality HMD device, the field user
102 can thereby see the precise location of the virtual
markers 106, 108 in 3D space on or near the actual fur-
nace system 104. Moreover, the virtual markers 106, 108
may be fixed in space so that, even as the field user 102
looks or moves around his or her environment, the virtual
markers may remain fixed in space, e.g., at the top-most
pipe coupling and at the base of the furnace 104, respec-
tively.
[0038] In some instances, the field user 102 can use
a virtual marker 106 that is displayed within a view 100
of the ambient environment as a guide for performing an
action in the environment. For example, the expert user
may have placed the virtual marker 106 in the environ-
ment as an indication to the field user 102 of the precise
location on the target object where the field user 102
should apply a tool. As Figure 1E shows, the virtual mark-
er 106 appears on or near the top-most pipe coupling of
the furnace system 104. Upon seeing the virtual marker
106 in the view 100, the field user 102 knows that he or
she should torque the identified pipe coupling using
wrench 110. In some implementations, as the field user
102 torques the identified pipe coupling using an appro-
priate wrench 110, the field-portion of the remote mode-
ling system captures the location and, optionally, the ori-
entation of the wrench 110 during the work. The captured
data characterizing the field user’s use of the wrench 110
is transferred to the remote portion of the computing sys-
tem for the expert user. A virtual representation 160 of
the wrench 110 can then be rendered within the view 150
for the expert user at a location relative to the 3D furnace
model 154 that corresponds to the location at which the
field user 102 physically applied the wrench 110 to the
actual furnace system 104. In some implementations,
the virtual representation 160 of the wrench 110 can be
a 3D model of the wrench 110 that visually resembles
the tool used by the field user 102. In some implemen-
tations, the virtual representation 160 of the wrench 110
can be displayed concurrently with the virtual marker 156
that the expert user had previously placed in the view of
the furnace system 104. The expert user can then com-
pare in a remote, 3D environment the location that the
wrench 110 was applied to the location of the virtual mark-
er 156. If the location of the wrench 110, as indicated by
virtual representation 160, is satisfactory to the expert
user, the expert user may send a confirmation message
to the field user 102. If the location at which the wrench
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110 was applied is deemed unsatisfactory, the expert
user may adjust the location of the virtual marker 156
and the updated location can be transmitted to the field
user 102 to cause the location of the corresponding virtual
marker 106 to be moved according to the updated loca-
tion.
[0039] Figure 2 is a block diagram of an example re-
mote modeling system 200. The remote modeling system
200 can include multiple computers in multiple locations.
In some implementations, the system 200 is configured
to carry out the processes disclosed herein, including the
processes described with respect to Figures 1A-1F and
3A-3C. In general, the system 200 includes two or more
portions that are remotely located from each other. These
portions include a field system 202 that is deployed in a
field environment and a remote system 204 that is remote
from the field environment. The field system 202 and the
remote system 204 may communicate directly or indi-
rectly over one or more networks, e.g., a local area net-
work or the Internet. In some implementations, the field
system 202 and the remote system 204 communicate
indirectly via a server system 206. The server system
206 may then pass messages between the field system
202 and the remote system 204. In some implementa-
tions, one or more of the components 210-228 that are
shown in Figure 2 as being part of the field system 202,
or the components 230-240 that are shown in Figure 2
as being part of the remote system 204, may alternatively
be arranged as part of the server system 206 for non-
local (e.g., cloud-based) processing. Each of the com-
ponents 210-228 and components 230-240 may include
one or more dedicated or shared processors.
[0040] The field system 202 includes a collection of
components 210-228 that provide respective services to
a user in the field environment. The controller 210 is re-
sponsible for managing operations of the field system
202 and coordinating activities among the various other
components 212-228 of the field system 202. The com-
munications interface 212 is configured to transmit and
receive messages over one or more networks. The com-
munications interface 212 allows the field system 202 to
communicate with the remote system 204, the server
system 206, or both.
[0041] A head-mounted display (HMD) 214 is a display
device that is configured to be worn on the head of a
user. The HMD 214 can include an electronic display
screen, lenses, or both, located a short distance (e.g.,
1-5 inches) in front of the eyes of a user wearing the HMD
214 to present visual content to the user. In some imple-
mentations, the HMD 214 is a virtual reality device or a
mixed-reality device. In some implementations, the HMD
214 is a mixed-reality device that augments a direct real-
world view of an ambient environment of the user. For
example, the HMD 214 may include one or more at least
partially transparent lenses that allow the user to directly
view the real-world environment surrounding the user.
The HMD 214 may superimpose virtual objects over por-
tions of the direct real-world view of the environment so

that the virtual objects appear to the user as if they are
actually present in the environment. One example of a
suitable HMD 214 that can augment a direct, real-world
view of an ambient environment is a MICROSOFT®
HOLOLENS®.
[0042] In other implementations, the field system 202
may utilize display devices other than head-mounted dis-
plays. For example, an indirect real-world view of the
ambient environment, such as a video stream, may be
presented on an electronic display screen on a desktop
monitor (e.g., an LCD or LED display), a television, a
mobile phone, or a tablet computing device.
[0043] The field system 202 further includes a spatial
modeling engine 216. The spatial modeling engine 216
is configured to generate a 3D model of the ambient en-
vironment of the field user. The spatial modeling engine
216 receives spatial sensing data sensed by one or sen-
sors in a spatial sensing subsystem of the spatial mod-
eling engine 216 and processes the spatial sensing data
to generate the 3D model. The spatial sensing data rep-
resents spatial characteristics of the field user’s ambient
environment. In some implementations, the spatial sens-
ing data includes data generated as a result of an infrared
emitter that emits a pattern of infrared light in the field
environment and a depth camera that detects distortions
in the infrared patterns projected onto surfaces of the
environment to determine distances of the surfaces from
the camera. The spatial modeling engine 216 can use
the data sensed by the depth camera to generate the 3D
model of the environment. In some implementations, oth-
er forms of computer vision technologies may be used
in addition, or alternatively, to the emitter-depth camera
approach. For example, the spatial modeling engine 216
may be configured to analyze images, video, or other
spatial sensing data to recognize particular objects in an
environment. The spatial modeling engine 216 may then
obtain pre-defined 3D models of the recognized objects
in the environment and arrange them as the correspond-
ing physical objects are arranged in the environment. The
3D model generated by the spatial modeling engine 216
can be defined in any suitable form, e.g., as a 3D polyg-
onal mesh.
[0044] The spatial modeling engine 216 may scan all
or a portion of the ambient environment of the field user.
However, the resulting 3D model that the spatial mode-
ling engine 216 generates may include extraneous por-
tions that are not required or desired by a remote expert
user. For instance, the field user may be attempting to
repair a photocopying machine in an office mail room.
The remote expert can assist the field user with his or
her repair work by interacting with a 3D model of the
photocopying machine in a remote environment. The in-
itial 3D model output by the spatial modeling engine 216
may represent the office mail room environment in whole
or in part, but may include extraneous aspects of the
environment not limited to just the target object, i.e., the
photocopying machine. To remove the extraneous as-
pects of the 3D model of the environment, the remote
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modeling system can include an extraction engine 228.
In general, the extraction engine 228 is configured to
identify a target portion of a 3D model and to extract the
target portion of the 3D model from extraneous portions
of the 3D model. The target portion of the 3D model can
be one or more target objects that are to be virtually ren-
dered in the remote user’s environment and the extrane-
ous portions of the 3D model can be the remainder of
the 3D model other than the target portion. For example,
the extraction engine 228 may analyze the initial 3D mod-
el of the mail room environment, identify the photocopy-
ing machine from the initial 3D model, and extract a 3D
model of the photocopying machine from the initial model
by discarding extraneous portions of the 3D model that
are not part of the photocopying machine.
[0045] The extraction engine 228 can identify a target
object in a 3D model automatically or based on user input.
For automatic identification, the extraction engine 228
may use object detection and recognition techniques to
detect a target object in the initial 3D model from the
spatial modeling engine 216. For identification based on
user input, the extraction engine 228 can receive a user
input that indicates a selection of a point or a region in a
representation of the modeled 3D environment that cor-
responds to the target object. The extraction engine 228
can then correlate the selection with a target object and
extract a 3D model of the target object from the initial 3D
model of the environment. The representation of the
modeled 3D environment may be a rendering of the 3D
model of the environment, an image of the environment,
or may take other suitable forms.
[0046] In Figure 2, the extraction engine 228 is shown
by way of example as being part of the field system 202.
However, in other implementations, the extraction engine
228 may be provided in the server system 206, the re-
mote system 204, or may be distributed among multiple
portions of the system 200. Different advantages may be
realized depending on the location of the extraction en-
gine 228. For example, by providing the extraction engine
228 at the field system 202, the size of one or more data
files representing the 3D model transmitted to the remote
system 204 may be reduced as compared to the size of
the initial 3D model of the environment before extraction.
On the other hand, extraction of a target object from a
3D model of an environment can be a computationally
expensive task, and in some instances may be more ef-
ficiently performed at the server system 206 or the remote
system 204. Accordingly, extraction engine 228 can then
be provided at either of the systems 204 or 206.
[0047] The field system 202 is configured to display
virtual objects, such as virtual markers, within a view of
an ambient environment provided by the HMD 214. The
system 202 may insert into the view of the ambient en-
vironment virtual objects that were placed by a remote
user, e.g., an expert user, at the remote system 204.
Other virtual objects may be inserted into the view of the
ambient environment by a local user, e.g., a field user at
the field system 202. To display virtual objects, the field

system 202 includes a virtual objects manager 220 and
a rendering engine 222.
[0048] First, the virtual objects manager 220 maintains
information about virtual objects that can be displayed
within the view of the ambient environment. To display a
virtual object that a remote user has specified, the field
system 202 first receives via the communications inter-
face 212 an instruction to display a virtual object at a
specified position of the ambient field environment. The
instruction can include values for various parameters that
affect how the virtual object is to be displayed within the
view of the ambient environment, including a display co-
ordinate value, an object orientation value, a model iden-
tification value, secondary data values, or a combination
of these and other values. The display coordinate value
indicates the position in a 3D space at which the virtual
object should be displayed. The object orientation value
indicates the orientation at which the virtual object should
be displayed (e.g., upright, horizontal, tilted). The model
identification value indicates a particular visual represen-
tation that should be displayed for the virtual object. The
virtual objects manager 220 may include a models data-
base that maps a respective model identification value
for each of a set of pre-stored 2D models (e.g., graphics
or icons) or 3D models at the field system 202. Using a
model identification value from the received instruction,
the virtual objects manager 220 may access the models
database to look-up which 2D or 3D model to display in
the view of the ambient environment. Secondary data
values can include any further information that affects
how the virtual object should be presented to the user in
the view of the ambient environment. As one example,
the secondary data values may express a text label that
is to be displayed next to the 2D or 3D model of the virtual
object. As another example, the secondary data values
may include a link to an external resource (e.g., a web-
page or an application) or additional media content to
render along with the 2D or 3D model of the virtual object.
[0049] As noted in the preceding paragraph, the field
system 202 may include a display coordinate value that
indicates the position in 3D space at which a virtual object
should be displayed. One challenge that arises in this
context is how to interpret the coordinate value so that
the virtual object is displayed at the proper position within
the view of the ambient environment, even if another user
(e.g., a remote expert at the remote system 204) placed
the virtual object in a 3D space for an environment that
is different from the ambient environment of the field user.
To this end, the virtual objects manager 220 may include
an alignment and translation engine (not shown in Figure
2) that is configured to translate a received display coor-
dinate value to a translated display coordinate value that
identifies the display position for a virtual object in a 3D
space specifically for the ambient field environment. The
received display coordinate value may be translated if,
for example, the coordinate systems between the ambi-
ent field environment and a remote environment in which
a remote user places a virtual object are not aligned. In
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other implementations, the alignment and translation en-
gine may align the coordinate systems of the ambient
field environment and the remote environment to obviate
the need to translate a received display coordinate value.
To align the coordinate systems, the spatial modeling
engine 216 first identifies one or more anchor points in
the ambient field environment. The anchor points serve
as reference positions (e.g., origins) in a 3D coordinate
system that defines spatial positions in the ambient field
environment. For example, an anchor point may be lo-
cated at the corner of a room in the ambient field envi-
ronment and may be assigned the (0, 0, 0) origin position
in a Cartesian coordinate system. The locations of ob-
jects in a 3D model of the ambient field environment can
then be defined in terms of their offset from the origin
position. Moreover, the field system 202 can transmit to
the remote system 204 data that identifies the anchor
points of the ambient field environment along with the 3D
model of the ambient field environment or the 3D models
of one or more target objects in the ambient field envi-
ronment. In this way, the remote system 204 can identify
the anchor points of the ambient field environment and
can use the identified anchor points to generate display
coordinate values for virtual objects in a remote environ-
ment in terms of their offsets from the identified anchor
points. With the coordinate systems aligned between the
field environment and the remote environment, coordi-
nate values generated by either the field system 202 or
remote system 204 will indicate corresponding positions
in either environment. Thus, if a remote user places a
virtual object at a particular location on a surface of a 3D
model of a target object in a remote environment, the
coordinate value that identifies the precise location of the
virtual object in the remote environment will also identify
an equivalent location on a surface of the actual target
object that physically exists in the field environment.
[0050] The field system 202 further includes a render-
ing engine 222. The rendering engine 222 is configured
to render virtual content for display using the HMD 214
or using an alternative display device. In some imple-
mentations, the rendering engine 222 augments a real-
world view of an ambient environment by superimposing
virtual objects over the view of the environment. The ren-
dering engine 222 may process information from the spa-
tial modeling engine 216 to determine values of param-
eters for displaying a virtual object such that the virtual
object appears as if it is part of the ambient environment.
For example, the virtual object may be placed on a sur-
face of a physical object in the ambient environment. Us-
ing information from the spatial modeling engine 216, the
rendering engine 222 can render the virtual object on the
surface of the physical object within an augmented view
of the ambient environment. Depending on the present
field of view, the rendering engine 222 may render a vir-
tual object to appear as if it is occluded by intervening
physical objects and to appear that it is at a fixed spatial
position in the 3D environment. The display parameter
values for a virtual object indicate how the rendering en-

gine 222 locates, sizes, and morphs a virtual object in
real-time so as to create the illusion of the virtual object
being located at a particular location of the ambient en-
vironment at a distance from the camera or the user’s
eyes.
[0051] An input manager 218 of the field system 202
is configured to receive user inputs from one or more
input sources. The input sources may include any appro-
priate mechanism for detecting user inputs, e.g., me-
chanical buttons or switches, virtual buttons or switches,
a camera and gesture recognizer, a microphone and
speech recognizer, a mechanical or virtual keyboard, a
pointing device, or a combination of two or more of these.
A user may provide input to the field system 202 for var-
ious purposes such as to select a target object, to provide
spoken or typed information to a remote user, to place
or move virtual markers, to trigger a state capture event,
or for other purposes. In some implementations, the input
manager 218 is configured to receive and process data
that indicates the direction of a gaze of a user wearing
HMD 214. The direction of a user’s gaze may be deter-
mined using data from one or more orientation and mo-
tion sensors of the HMD 214 (e.g., accelerometers, com-
passes, gyroscopes), from eye tracking sensors, or from
both.
[0052] In some implementations, the field system 202
includes a state capture engine 224. The state capture
engine 224 is configured to capture and store state data
that indicates a state of the ambient field environment at
particular times. In some instances, the state capture en-
gine 224 captures and stores information that character-
izes a field user’s actions in the ambient field environ-
ment. For example, the system 202 may render a virtual
marker within a view of the ambient field environment,
where the marker was placed by a remote user in order
to prompt the field user to operate on a specific compo-
nent of a target object. When the field user brings a tool
into position to begin work on the specified component,
the state capture engine 224 may capture and store state
data that identifies the position of the field user’s tool in
a 3D space of the ambient field environment (e.g., a po-
sition of the tool relative to the target object or the virtual
marker). The state data may be transmitted to the remote
system 204 for review of the field user’s actions. In some
examples, the remote system 204 uses the state data to
render a virtual object that represents the field user’s tool,
such as a generic virtual marker or a 3D model of the
tool, at a position in the remote environment that corre-
sponds to the position in the field environment.
[0053] The field system 202, in some implementations,
further includes one or more auxiliary data sources 226.
The auxiliary data sources 226 make auxiliary data avail-
able to the field system 202. Auxiliary data can include
any information that may bear on the field user’s work in
the field environment or that may bear on a remote user’s
assessment of the field environment. For example, the
target object in a field environment may be equipped with
sensors that generate signals indicating operating char-
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acteristics of the target object. The auxiliary data sources
226 may collect, store, and transmit the sensor signals
indicative of operating characteristics of the target object
to make such information available to the field system
202, the remote system 204, and/or the server system
206. In some implementations, data from the auxiliary
data sources 206 is stored in the data store 208, which
is directly accessible to the server system 206. In some
implementations, raw auxiliary data or information de-
rived at least in part from the raw auxiliary data may be
presented to the field user, the remote user, or both. For
example, during an electrical repair, the field user may
attach the leads of a multi-meter to a target circuit board.
As an auxiliary data source 226, electrical information
such as current flow, voltage, or resistance may be col-
lected, stored, and transmitted. The information may also
be displayed to the field user, the remote user, or both
while the repair is ongoing.
[0054] The remote system 204 may be implemented
as one or more computers in one or more locations. In
general, the remote system 204 is configured to present
3D models of at least a portion of the ambient field envi-
ronment to a user that is remotely located from the field
environment. The remote system 204 can add objects to
a virtual field environment, such as virtual markers that
identify specific locations in a 3D space of the virtual field
environment. The virtual field environment can include a
3D model of the ambient field environment, or just a por-
tion thereof such as a 3D model of a target object located
in the ambient field environment.
[0055] The remote system 204 includes a controller
230. The controller 230 is responsible for managing op-
erations of the remote system 204 and coordinating ac-
tivities among the various other components 232-242 of
the remote system 204. The communications interface
232 is configured to transmit and receive messages over
one or more networks. The communications interface
232 allows the remote system 204 to communicate with
the field system 202, the server system 206, or both.
[0056] A display device 234 displays the virtual field
environment to a remote user, i.e., a user that may be
local to the remote system 204 but that is located remote-
ly from the field system 202. The remote system 204 may
provide different types of display devices 234 for different
user experiences. In some implementations, the display
device 234 is a head-mounted display (HMD), e.g., like
HMD 214 of the field system 202. An HMD can provide
the user with a real-world view of the remote user’s am-
bient environment while augmenting the view with the
virtual field environment, e.g., by superimposing a 3D
model of the target object from the field environment over
the real-world view of the remote user’s ambient envi-
ronment. In some implementations, a mixed-reality HMD
may superimpose the 3D model of the target object over
a direct real-world view of the remote user’s ambient en-
vironment, thereby allowing the remote user to view the
3D model at scale in the remote user’s own environment.
In other implementations, the display device 234 displays

the virtual field environment on a 2D display screen such
as an LCD or LED screen on a desktop monitor or a tablet
computing device. The user may then, for example, use
touchscreen gestures or other input mechanisms to ma-
nipulate (e.g., rotate, pan, zoom) the 3D model of the
target object and to place virtual markers at specified
positions of the virtual environment. In yet other imple-
mentations, the display device 234 displays the virtual
field environment on a 3D display screen, e.g., a screen
that uses stereoscopic imaging to create the illusion of
depth. The 3D display screen may provide a more im-
mersive experience for the remote user than a 2D display
screen.
[0057] A rendering engine 236 of the remote system
204 is configured to render virtual objects that are dis-
played with the display device 234. The rendering engine
236 receives data characterizing a virtual environment
(e.g., one or more virtual objects), renders the virtual en-
vironment in a 3D space, and outputs a signal to the
display device 236 that can be used to display the ren-
dered virtual environment.
[0058] A virtual objects manager 238 of the remote sys-
tem 204 is configured to maintain information about vir-
tual objects that can be displayed within the virtual envi-
ronment. The virtual objects manager 238 may include
a models database that maps a respective model iden-
tification value for each of a set of pre-stored 2D models
(e.g., graphics or icons) or 3D models at the remote sys-
tem 204. Using a model identification value, the virtual
objects manager 238 may access the models database
to look-up which 2D or 3D model to display in the view
of the ambient environment. Secondary data values can
include any further information that affects how the virtual
object should be presented to the user in the view of the
ambient environment. As one example, the secondary
data values may express a text label that is to be dis-
played next to the 2D or 3D model of the virtual object.
As another example, the secondary data values may in-
clude a link to an external resource (e.g., a webpage or
an application) or additional media content to render
along with the 2D or 3D model of the virtual object.
[0059] The remote system 204 includes a primary input
manager 240 and a secondary input manager 242. The
primary input manager 240 receives primary user inputs,
i.e., user inputs that indicate a user’s desire to add virtual
markers to a virtual environment or manipulate virtual
markers in a virtual environment. The secondary input
manager 240 receives secondary user inputs, i.e., user
inputs that indicate a user’s desire to add secondary ob-
jects to a virtual environment. Secondary objects include
objects other than virtual markers, such as objects that
supplement virtual markers displayed in a virtual envi-
ronment. For example, the remote user may add voice
or text annotations to a virtual marker to provide addi-
tional explanation or clarification of tasks that the field
user is requested to perform.
[0060] In some implementations, the primary input
manager 240, the secondary input manager 242, or both,
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are configured to receive user inputs from one or more
input sources. The input sources may include any appro-
priate mechanism for detecting user inputs, e.g., me-
chanical buttons or switches, virtual buttons or switches,
a camera and gesture recognizer, a microphone and
speech recognizer, a mechanical or virtual keyboard, a
pointing device, or a combination of two or more of these.
A user may provide input to the remote system 204 for
various purposes such as to select a target object, to
provide spoken or typed information to a field user, to
place or move virtual markers, or for other purposes. In
some implementations, the input manager 242 is config-
ured to receive and process data that indicates the di-
rection of a gaze of a user wearing a head-mounted dis-
play device. The direction of a user’s gaze may be de-
termined using data from one or more orientation and
motion sensors of the HMD (e.g., accelerometers, com-
passes, gyroscopes), from eye tracking sensors, or from
both.
[0061] Referring next to Figures 3A-3C, a flowchart is
depicted of an example process 300 for placing and ren-
dering virtual markers in a 3D environment. The process
300 can be carried out by a system of computers in two
or more locations, e.g., the remote modeling system 200
of Figure 2. The flowchart is shown as a series of oper-
ations performed between a field portion of the computing
system, e.g., field system 202, and a remote portion of
the computing system, e.g., remote system 204. Howev-
er, in some implementations, the operations may not all
be performed directly between the field system and re-
mote system. The field system and the remote system
may communicate through an intermediate server sys-
tem, e.g., server system 206, and particular ones of the
operations 302-342 may alternatively be performed at
the intermediate server system rather than the field sys-
tem or the remote system.
[0062] The process 300 begins at stage 302 where the
field system provides a real-world view of an ambient
environment of a user in the field. The ambient environ-
ment may be directly viewed through lenses of a head-
mounted display, e.g., head-mounted display 214, or
may be indirectly viewed on an electronic display screen
that shows images or video of the ambient environment.
[0063] At stage 304, the field system scans the ambient
environment of the user in the field to create a 3D model
of at least a portion of the ambient field environment. The
scan may be performed using spatial sensors such as a
depth camera, a radio detection and ranging subsystem
(RADAR), a sound navigation and ranging subsystem
(SONAR), a light detection and ranging subsystem
(LIDAR), or a combination of these or other scanning
techniques. A spatial modeling engine, e.g., spatial mod-
eling engine 216, may process the spatial sensing data
to generate the 3D model.
[0064] At stage 306, the field system identifies a target
object located in the ambient field environment. In some
implementations, the system identifies the target object
automatically (e.g., without receiving user input between

scanning the environment and identifying the target ob-
ject). In some implementations, the system identifies the
target object based on user input. For example, the sys-
tem may prompt a user to select the target object from
an image or video of the ambient field environment or by
selecting a portion of the 3D model of the field environ-
ment corresponding to the desired target object.
[0065] At stage 308, the field system extracts the iden-
tified target object from the 3D model of the at least the
portion of the ambient field environment. The field system
may include an extraction engine, e.g., extraction engine
228, to generate a 3D model of the target object from the
3D model of the ambient field environment by extracting
the target object from other portions of the ambient field
environment contained in the 3D model. In some imple-
mentations, extraction of the 3D target object model may
be performed at an intermediary server system or at the
remote system, rather than at the field system.
[0066] At stage 310, the field system identifies one or
more anchor points in a 3D space for the ambient field
environment. The anchor points can be used to align co-
ordinate systems between the field system and the re-
mote system, which thereby allows virtual objects to be
placed in a virtual field environment and subsequently
rendered at an equivalent position in a real-world view
of the same environment. In some implementations, the
system designates one, two, three, or more positions in
the 3D model of the target object (or the 3D model of the
at least the portion of the ambient environment if extrac-
tion has not yet occurred) as anchor points. The anchor
points can be chosen arbitrarily or based on logic that
optimizes the selection of particular positions as anchor
points.
[0067] At stage 312, the field system transmits the 3D
model of the target object (or the 3D model of the at least
the portion of the ambient environment if extraction has
not yet occurred) to the remote system. In some imple-
mentations, the 3D model is transmitted over a network
directly to the remote system. In other implementations,
the 3D model is transmitted indirectly over the network
to the remote system.
[0068] At stage 314, the remote system receives the
3D model of the target object from the field system.
[0069] Upon receiving the 3D model of the target ob-
ject, the system renders the model in a user interface of
the remote system. The user interface of the remote can
take various forms depending on user preferences and
the display hardware on which the rendered model is
displayed. The user interface can be a virtual represen-
tation of the ambient field environment. A rendering en-
gine of the remote system, e.g., rendering engine 236,
may render the 3D model of the target object, and the
rendered model may be displayed using a display device,
e.g., display device 234.
[0070] At stage 318, the remote system receives a pri-
mary user input to place a virtual marker in the user in-
terface of the remote system. In particular, the virtual
marker may be placed in a virtual field environment on
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or around a 3D model of the target object or a 3D model
of at least a portion of the ambient field environment. The
location of the marker in the virtual field environment may
be specified by a coordinate value in a 3D coordinate
system, where the coordinate value identifies an offset
of the specified location of the marker in 3D space from
one or more anchor points. The primary user input may
also specify other characteristics of the virtual marker
such as an orientation of the marker, a size of the marker,
a 2D icon or 3D model for the marker, or a combination
of these.
[0071] At stage 320, the remote system optionally re-
ceives a secondary user input that identifies supplemen-
tal information the remote user desires to share with the
field user. The supplemental information can include a
range of content of any suitable type that the field system
is capable of rendering for presentation to the field user.
For example, the remote user may type or dictate text
containing instructions for performing a task, or may send
an audio recording, a hyperlink, or a video to the field
user as supplemental information.
[0072] At stage 322, the remote system transmits an
instruction to the field system. The instruction carries data
that, when processed by the field system, is to cause the
field system to augment a view of the ambient field en-
vironment with virtual markers specified by the remote
user. The instruction can include a display coordinate
value and, optionally, other data that characterizes the
primary user input and any secondary user input so that
virtual markers and supplemental information can be pre-
sented to the field user according to the received inputs.
The remote system uses a communications interface,
e.g., communications interface 232 to transmit the in-
struction to the field system.
[0073] At stage 324, the field system receives the in-
struction from the remote system. The instruction can be
received over a network using a communications inter-
face at the field system, e.g., communications interface
312.
[0074] At stage 326, the field system processes the
received instruction and, based on the instruction,
renders a virtual marker in an augmented view of the
ambient environment of the field user. A rendering en-
gine, e.g., rendering engine 222, can render the virtual
marker at a position in the ambient field environment that
the display coordinate value indicates from the received
instruction. The rendered virtual marker is displayed us-
ing a display device, e.g., HMD 214. The rendering en-
gine may also render visual representations of any sup-
plemental information that the remote user provided as
secondary input to the remote system.
[0075] At stage 328, the field system identifies a user
interaction with the target object in the field environment.
In some implementations, the system may monitor for
any user actions to occur within a region of the field en-
vironment that is located within a threshold distance of
the virtual marker rendered in the view of the ambient
field environment. Upon detecting the occurrence of one

or more pre-defined events within this region of the field
environment, a state capture engine, e.g., state capture
engine 224, may capture and store state data that char-
acterizes a current condition of the field system, the field
environment generally, the target object specifically, or
a combination of these. For example, the state capture
engine may automatically capture and store data pertain-
ing to a tool that is applied to perform a given task on the
target object. For a wrench that is used to repair a pipe,
for instance, the state capture engine may record the
location where the wrench contacted the pipe to remove
a broken valve or coupling as identified by a virtual mark-
er, and may record characteristics with respect to how
the wrench was used such as its orientation, number of
turns, and applied level of torque.
[0076] At stage 330, the field system uses a commu-
nications interface, e.g., communications interface 312
to transmit data characterizing the captured and stored
state data to the remote system. At stage 332, the remote
system receives the state data from the field system using
a communications interface, e.g., communications inter-
face 232.
[0077] At stage 334, the remote system uses the state
data to render a virtual representation of the field user’s
interaction with the target object in the user interface of
the remote system. The virtual representation of the field
user’s interaction can be displayed in a virtual field envi-
ronment at the remote system along with a display of the
3D model of the target object, or a 3D model of the field
environment more generally if the target object has not
been extracted. Additionally, the virtual representation of
the field user’s interaction can be displayed concurrently
with the virtual marker that the remote user had placed
in the virtual field environment at stage 318. For example,
a second virtual marker representing the location in the
ambient field environment where the field user applied a
tool to the target object can be displayed in the virtual
field environment along with the first virtual marker placed
by the remote user. The concurrent display of both virtual
markers provides a visual comparison to the remote user
of the desired location for the field user’s work, as indi-
cated by the first virtual marker, and the actual location
of the field user’s work, as indicated by the second virtual
marker. By seeing the two virtual markers at once, the
remote user can then make a decision whether the field
user’s work is acceptable or if corrective action should
be taken. In some implementations, the remote system
may generate an alert for the remote user if the respective
positions of the virtual markers are greater than a thresh-
old distance apart. The remote system may also generate
an alert if other aspects of the field user’s work does not
match with a parameter that the remote user prescribed
for the work. For example, if the user torqued the wrench
in the wrong direction or applied a tool in a mode that
differs from a mode prescribed by the remote user, then
the system may generate an alert to notify the remote
user of the fact.
[0078] At stage 336, the remote system may receive
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corrective feedback from the remote user if the remote
user judges that the field user’s work should be corrected
in some manner. Corrective feedback may be received
if the field user’s work did not match location or other
prescribed parameters for the work indicated by the re-
mote user. In other instances, corrective feedback may
be received if the field user properly carried out the re-
mote user’s instruction, but the action did not achieve a
desired result. In some implementations, the remote sys-
tem receives corrective feedback via an input manager,
e.g., primary input manager 240 or secondary input man-
ager 242. For example, if the remote user intends to con-
vey to the field user that the location of the field user’s
application of a tool in an ambient environment should
be adjusted, then the remote user may specify a change
in the location of the first or second virtual markers. In
another example, the remote user may add annotations
to existing virtual markers or create new virtual markers
to indicate corrective feedback to the field user.
[0079] At stage 338, the remote system transmits data
characterizing the remote user’s corrective feedback to
the field system using a communications interface, e.g.,
communications interface 232. At stage 340, the field
system receives the data characterizing the remote us-
er’s feedback using a communications interface, e.g.,
communications interface 212. In response to having re-
ceived the corrective feedback data, at stage 342 the
field system updates the augmented real-world view of
the ambient field environment. For example, the field sys-
tem may move a virtual marker to a different position in
the 3D space of the ambient field environment based on
the corrective feedback data. In some implementations,
the virtual marker may be ghosted in the original position,
while the fully textured virtual marker (non-ghosted) is
displayed in the updated position.
[0080] Figures 4A-4D illustrate an example physical
control object 402 that can be employed in augmented
and mixed reality systems to provide efficient access to
user interface elements that are superimposed in a view
of a real-world environment. Some computing systems
do not provide robust hand-based input controls such as
a mouse or a keyboard, or users may not prefer to use
conventional hand-based input controls. For example, in
mixed-reality or virtual reality environments, a user may
wear a head-mounted display (HMD) that provides a di-
rect or indirect real-world view of the user’s ambient en-
vironment. The user may wish to keep his or her hands
free to perform other tasks in the environment and con-
ventional hand-based input controls (e.g., a mouse or a
keyboard) may be impractical for use with the HMD. The
techniques described with respect to Figures 4A-4D may
advantageously allow a user to navigate through sophis-
ticated user interface menus and other elements in a user
interface (e.g., a real-world view of an ambient environ-
ment) in a natural and efficient manner.
[0081] Figure 4A depicts a physical control object as
a cube 402. Other geometries may also be suitable for
a physical control object such as a tetrahedron, a square

pyramid, a hexagonal pyramid, a cuboid, a triangular
prism, an octahedron, a pentagonal prism, a hexagonal
prism, a dodecahedron, or an icosahedron. The cube
402 includes six faces, three of which are explicitly shown
in Figure 4A. Respective symbols 406a-c are uniquely
printed on each of the faces. For example, the first face
of the cube 402 includes a circle symbol 406a while the
second face of the cube 402 includes a triangular symbol
406b. The cube 402 is located within the field of view of
a camera 404. The camera 404 may, for example, be an
RGB video camera on a head-mounted display such that
the cube 402 is in the camera’s field of view when the
user turns his or her head to gaze at the cube 402.
[0082] While the cube 402 is in the field of view of the
camera 404, a computing system coupled to the camera
404, e.g., field system 202 or remote system 204, may
use computer vision techniques to recognize the cube
402 as a physical control object, and to render virtual
display elements over a particular surface of the cube
402, all surfaces of the cube 402, or only some surfaces
of the cube 402. For example, an augmented view 408a
of the cube 402 is shown in which a first virtual display
element 410a is rendered over the first face of the cube
402, a second virtual display element 410b is rendered
over the second face of the cube 402, and a third virtual
display element 410c is rendered over the third face of
the cube 402. The virtual display elements may wholly
or partially mask a view of the actual contents of the re-
spective faces of the cube 402. For instance, a virtual
display element may be rendered in an augmented real-
world view of the ambient environment by superimposing
the virtual display element over a corresponding face of
the cube 402 to texturize the face.
[0083] In some implementations, a virtual display ele-
ment provides a user interface control with which a user
may interact by manipulating the control object, e.g.,
cube 402. For example, Figure 4C shows a circular dial
412 as a virtual display element that has been rendered
over the second face of the cube. The system may select
to render the dial 412 over the second face of the cube
402, and to not render virtual display elements over other
faces of the cube 402, based on identifying that the sec-
ond face of the cube 402 is oriented in a predetermined
direction, e.g., in the direction of the camera 404. A user
may rotate the dial 412 to perform an action with the
computing system by rotating the cube 402 while main-
taining the second face of the cube 402 in the orientation
toward camera 404. The dial 412 may be fixed relative
to the cube 402 so that it follows the cube 402 as it moves
within the field of view of the camera.
[0084] In some implementations, a user may activate
different virtual display elements by rotating the cube 402
to orient different faces of the cube toward the camera
404. For example, Figure 4D shows that the system may
render a menu 414, rather than a dial 412, when the cube
402 is rotated such that the first face is oriented toward
the camera 404.
[0085] Figure 5 is a flowchart of an example process
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500 that for rendering virtual display elements within a
user interface based on actions performed with a physical
control object, e.g., cube 402, in the field of view of a
camera. In some implementations, the process 500 is
carried out by a system of one or more computers in one
or more locations, e.g., field system 202 or remote system
204. At stage 502, the system detects a physical control
object within the field of view of the camera. The physical
control object may have a geometric shape with multiple
sides a respective symbol printed on each side. At stage
504, the system analyzes images or video of the physical
control object to detect a first symbol on a face of the
physical control object that is oriented toward the camera.
The system may include a database that maps each of
a set of virtual display elements to one or more symbols
printed on the physical control object. At stage 506, based
on detecting the first symbol on the face of the physical
control object that is oriented toward the camera, the sys-
tem selects a virtual display element that is mapped to
the first symbol. At stage 508, the system renders the
selected virtual display element in a view of an environ-
ment that includes the physical control object. The virtual
display element is rendered at least partially over a face
of the physical control object that is oriented toward the
camera. At stage 510, the system identifies that a user
input manipulated the physical control object while face
having the first symbol remains oriented toward the cam-
era. For example, the user may rotate, shake, or tap on
the first face of the control object. The system is config-
ured to detect the user’s interaction with the control object
by analyzing images or video of the control object using
computer vision techniques. At stage 512, the system
performs an operation associated with the virtual display
element based on the identified user interaction. For ex-
ample, if the user tilts the control object forward, the sys-
tem may respond by scrolling down a list of items pro-
vided in the virtual display element. If the user then
shakes or taps the display element, one of the items that
has focus in the list of items may be selected. In some
implementations, the user may activate a different virtual
display element by rotating the physical control object to
orient a second face of the object toward the camera. At
stage 514, the system detects a second symbol on the
second face of the physical control object. The system
then returns to stage 506 for continued processing based
on the second face of the control object being oriented
toward the camera.
[0086] Figures 6A-6D illustrate techniques for interact-
ing with a gaze-activated user interface element 606 in
augmented views 602a-d of a real-world environment.
When viewing an environment through a head-mounted
display, the amount of viewing area that can be augment-
ed with user interface elements (virtual display elements)
is sometimes restricted by physical constraints of the
HMD. Additionally, user interface elements can some-
times distract from the ability of a user to focus on a view
of the real-world environment that the HMD provides. The
techniques illustrated in Figures 6A-6D may advanta-

geously, in some implementations, at least partially ad-
dress these challenges in presenting user interface ele-
ments in virtual or mixed reality using a HMD.
[0087] Figure 6A depicts an annotated view 602a of
an environment presented to a user through a HMD, e.g.,
HMD 214. The environment may be a real-world or virtual
environment. A gaze-activated user interface element
606 is presented in the environment. The element 606
may be rather small, e.g., 5-10 pixels in width and height,
and may occupy a small portion of the total viewing area
that is capable of being augmented with virtual objects.
The HMD may include sensors, e.g., orientation and mo-
tion sensors and/or eye-tracking sensors that sense the
direction of a user’s gaze while wearing the HMD 214.
The point of focus of the user’s gaze, i.e., the point where
the user’s gaze is currently directed, is represented by
the reticle 604. As the user moves his or her eyes, or
head, the position of the reticle in the view 602a changes
to indicate the updated direction of the user’s gaze.
[0088] In some implementations, to minimize the dis-
traction of the element 606, the HMD displays the ele-
ment 606 fully or partially transparently while the user’s
gaze is not in proximity of the element 606. As the focus
of the user’s gaze becomes closer to the element 606,
the transparency of the element 606 may gradually de-
crease. Other aspects of the visual appearance of the
element 606 may also change as a function of the dis-
tance between the reticle 604 and the element 606, e.g.,
color, size, shape, or a combination of these.
[0089] In some implementations, the system defines
one or more action thresholds around the user-interface
element 606. For example, Figure 6A shows a first action
threshold 608 at a first distance from the center of ele-
ment 606 and a second action threshold 610 a second,
shorter distance from the center of element 606. As the
focus of the user’s gaze crosses an action threshold, the
system performs a particular action that has been
mapped to the threshold. In some instances, the actions
may include expanding the element 606 or providing ad-
ditional descriptive detail about the element 606. For ex-
ample, in Figure 6B, the system displays pop-up descrip-
tive text 612 near the element 606 when the user’s gaze
crosses the first action threshold 608. Then, as the user
focuses more specifically on the element 606 and the
focus of the user’s gaze becomes less than a distance
from element 606 indicated by the second action thresh-
old 610, the system may display a pop-up display window
614, as shown in the view 602c of Figure 6C. The pop-
up display window 614 may provide media content, tex-
tual content, or additional user interface elements such
as a list of interactive items organized as a menu.
[0090] In some implementations, a gaze-activated us-
er interface element 606 may be divided into several por-
tions. For example, Figure 6D illustrates view 602d of an
environment in which the gaze-activated element 606 is
divided into a top half and a bottom half. As the user’s
gaze focuses on the top half of the element 606, a first
pop-up display window 616a appears. In response to de-
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tecting that the user’s gaze is focused on the bottom half
of the element 606, a second pop-up display window
616b appears.
[0091] Figure 7 is a flowchart of an example process
700 for interacting with a gaze-activated user interface
element. The process 700 may be carried out by one or
more computers in one or more locations, e.g., field sys-
tem 202 or remote system 204 using a head-mounted
display 214.
[0092] At stage 702, the system instantiates a gaze-
activated user interface element, e.g., element 606, with-
in an augmented view of an environment. For example,
the element may be an icon or other relatively small virtual
marker that is fixed at a position in 3D space of an ambient
environment seen through lenses of a screen of a HMD.
The element may be fully or partially transparent when
the focus of a user’s gaze is more than a threshold dis-
tance from the gaze-activated user interface element.
[0093] At stage 704, the system monitors the direction
of the user’s gaze as the user views the environment
using the HMD. The system may determine the direction
of the user’s gaze using orientation and motion sensing
data from sensors on the HMD of the user such as eye
tracking sensors, accelerometers, compasses, gyro-
scopes, or a combination of two or more of these. In some
implementations, the system can display a reticle (e.g.,
a small dot or cross-hairs) in the view of the environment
that precisely identifies the calculated direction of the us-
er’s gaze.
[0094] At stage 706, the system adjusts the transpar-
ency of the gaze-activated user interface element based
on a distance between a focal point of the user’s gaze
(e.g., as indicated by a reticle) and the location of the
element. In some implementations, the element be-
comes increasingly opaque as the distance between the
focal point of the user’s gaze and the location of the el-
ement decreases.
[0095] At stage 708, the system detects that the focal
point of the user’s gaze is less than a threshold distance
from the location of the gaze-activated user-interface el-
ement. In response, the system performs a prescribed
action such as generating and rendering a pop-up display
element within the view of the environment. For example,
the gaze-activated user-interface element may expand
to show additional detailed information about a topic
when the user’s gaze becomes fixed on the element.
[0096] Figure 8 is a schematic diagram of a computer
system 800. The system 800 can be used to carry out
the operations described in association with any of the
computer-implemented methods, systems, devices, and
other techniques described previously, according to
some implementations. The system 800 is intended to
include various forms of digital computers, such as lap-
tops, desktops, workstations, personal digital assistants,
servers, blade servers, mainframes, and other appropri-
ate computers. The system 800 can also include mobile
devices, such as personal digital assistants, cellular tel-
ephones, smartphones, and other similar computing de-

vices. Additionally, the system can include portable stor-
age media, such as, Universal Serial Bus (USB) flash
drives. For example, the USB flash drives may store op-
erating systems and other applications. The USB flash
drives can include input/output components, such as a
wireless transmitter or USB connector that may be in-
serted into a USB port of another computing device.
[0097] The system 800 includes a processor 810, a
memory 820, a storage device 830, and an input/output
device 840. Each of the components 810, 820, 830, and
840 are interconnected using a system bus 850. The
processor 810 is capable of processing instructions for
execution within the system 800. The processor may be
designed using any of a number of architectures. For
example, the processor 810 may be a CISC (Complex
Instruction Set Computers) processor, a RISC (Reduced
Instruction Set Computer) processor, or a MISC (Minimal
Instruction Set Computer) processor.
[0098] In some implementations, the processor 810 is
a single-threaded processor. In another implementation,
the processor 810 is a multi-threaded processor. The
processor 810 is capable of processing instructions
stored in the memory 820 or on the storage device 830
to display graphical information for a user interface on
the input/output device 840.
[0099] The memory 820 stores information within the
system 800. In one implementation, the memory 820 is
a computer-readable medium. In one implementation,
the memory 820 is a volatile memory unit. In another
implementation, the memory 820 is a non-volatile mem-
ory unit.
[0100] The storage device 830 is capable of providing
mass storage for the system 800. In one implementation,
the storage device 830 is a computer-readable medium.
In various different implementations, the storage device
830 may be a floppy disk device, a hard disk device, an
optical disk device, or a tape device.
[0101] The input/output device 840 provides input/out-
put operations for the system 800. In one implementation,
the input/output device 840 includes a keyboard and/or
pointing device. In another implementation, the input/out-
put device 840 includes a display unit for displaying
graphical user interfaces.
[0102] The features described can be implemented in
digital electronic circuitry, or in computer hardware,
firmware, software, or in combinations of them. The ap-
paratus can be implemented in a computer program
product tangibly embodied in an information carrier, e.g.,
in a machine-readable storage device for execution by a
programmable processor; and method steps can be per-
formed by a programmable processor executing a pro-
gram of instructions to perform functions of the described
implementations by operating on input data and gener-
ating output. The described features can be implemented
advantageously in one or more computer programs that
are executable on a programmable system including at
least one programmable processor coupled to receive
data and instructions from, and to transmit data and in-
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structions to, a data storage system, at least one input
device, and at least one output device. A computer pro-
gram is a set of instructions that can be used, directly or
indirectly, in a computer to perform a certain activity or
bring about a certain result. A computer program can be
written in any form of programming language, including
compiled or interpreted languages, and it can be de-
ployed in any form, including as a stand-alone program
or as a module, component, subroutine, or other unit suit-
able for use in a computing environment.
[0103] Suitable processors for the execution of a pro-
gram of instructions include, by way of example, both
general and special purpose microprocessors, and the
sole processor or one of multiple processors of any kind
of computer. Generally, a processor will receive instruc-
tions and data from a read-only memory or a random
access memory or both. The essential elements of a com-
puter are a processor for executing instructions and one
or more memories for storing instructions and data. Gen-
erally, a computer will also include, or be operatively cou-
pled to communicate with, one or more mass storage
devices for storing data files; such devices include mag-
netic disks, such as internal hard disks and removable
disks; magneto-optical disks; and optical disks. Storage
devices suitable for tangibly embodying computer pro-
gram instructions and data include all forms of non-vol-
atile memory, including by way of example semiconduc-
tor memory devices, such as EPROM, EEPROM, and
flash memory devices; magnetic disks such as internal
hard disks and removable disks; magneto-optical disks;
and CD-ROM and DVD-ROM disks. The processor and
the memory can be supplemented by, or incorporated in,
ASICs (application-specific integrated circuits).
[0104] To provide for interaction with a user, the fea-
tures can be implemented on a computer having a display
device such as a CRT (cathode ray tube) or LCD (liquid
crystal display) monitor for displaying information to the
user and a keyboard and a pointing device such as a
mouse or a trackball by which the user can provide input
to the computer. Additionally, such activities can be im-
plemented via touchscreen flat-panel displays and other
appropriate mechanisms.
[0105] The features can be implemented in a computer
system that includes a back-end component, such as a
data server, or that includes a middleware component,
such as an application server or an Internet server, or
that includes a front-end component, such as a client
computer having a graphical user interface or an Internet
browser, or any combination of them. The components
of the system can be connected by any form or medium
of digital data communication such as a communication
network. Examples of communication networks include
a local area network ("LAN"), a wide area network
("WAN"), peer-to-peer networks (having ad-hoc or static
members), grid computing infrastructures, and the Inter-
net.
[0106] The computer system can include clients and
servers. A client and server are generally remote from

each other and typically interact through a network, such
as the described one. The relationship of client and server
arises by virtue of computer programs running on the
respective computers and having a client-server relation-
ship to each other.
[0107] While this specification contains many specific
implementation details, these should not be construed
as limitations on the scope of any inventions or of what
may be claimed, but rather as descriptions of features
specific to particular implementations of particular inven-
tions. Certain features that are described in this specifi-
cation in the context of separate implementations can
also be implemented in combination in a single imple-
mentation. Conversely, various features that are de-
scribed in the context of a single implementation can also
be implemented in multiple implementations separately
or in any suitable subcombination. Moreover, although
features may be described above as acting in certain
combinations and even initially claimed as such, one or
more features from a claimed combination can in some
cases be excised from the combination, and the claimed
combination may be directed to a subcombination or var-
iation of a subcombination.
[0108] Similarly, while operations are depicted in the
drawings in a particular order, this should not be under-
stood as requiring that such operations be performed in
the particular order shown or in sequential order, or that
all illustrated operations be performed, to achieve desir-
able results. In certain circumstances, multitasking and
parallel processing may be advantageous. Moreover, the
separation of various system components in the imple-
mentations described above should not be understood
as requiring such separation in all implementations, and
it should be understood that the described program com-
ponents and systems can generally be integrated togeth-
er in a single software product or packaged into multiple
software products.
[0109] Thus, particular implementations of the subject
matter have been described. Other implementations are
within the scope of the following claims. In some cases,
the actions recited in the claims can be performed in a
different order and still achieve desirable results. In ad-
dition, the processes depicted in the accompanying fig-
ures do not necessarily require the particular order
shown, or sequential order, to achieve desirable results.
In certain implementations, multitasking and parallel
processing may be advantageous.

Claims

1. A computer-implemented method, comprising:

providing, by a device, a view of an environment
of a first user;
receiving, by a first computing system associat-
ed with the first user, an instruction to display
within the view of the environment of the first
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user a virtual marker at a specified position of
the environment of the first user, the specified
position derived from a second user’s interaction
with a three-dimensional (3D) model of at least
a portion of the environment of the first user; and
displaying, by the device and within the view of
the environment of the first user, the virtual
marker at the specified position of the environ-
ment of the first user.

2. The computer-implemented method of claim 1,
wherein the instruction to display the virtual marker
at the specified position of the environment of the
first user comprises a coordinate value that identifies
the position of the virtual marker in a 3D space.

3. The computer-implemented method of claim 2,
wherein the coordinate value identifies the position
of the virtual marker in a 3D space of a second en-
vironment other than the environment of the first us-
er; and
the method comprises mapping the coordinate from
the 3D space of the second environment to the 3D
space of the environment of the first user to deter-
mine a corresponding position of the virtual marker
in the environment of the first user.

4. The computer-implemented method of claim 3,
wherein:

the coordinate value identifies the position of the
virtual marker in the 3D space of the second
environment using a first 3D offset from one or
more anchor points of the second environment;
and
mapping the coordinate from the 3D space of
the second environment to the 3D space of the
environment of the first user comprises:

identifying one or more anchor points of the
environment of the first user; and
applying, using the coordinate value, a sec-
ond 3D offset from the one or more anchor
points of the environment of the first user to
identify the corresponding position of the
virtual marker in the environment of the first
user.

5. The computer-implemented method of any of the
preceding claims, wherein displaying the virtual
marker at the specified position of the environment
of the first user comprises superimposing the virtual
marker over the view of the environment of the first
user so that the virtual marker visually appears as if
it is located a distance from the first user at the spec-
ified position of the environment.

6. The computer-implemented method of any of the

preceding claims, wherein the second user’s inter-
action with the 3D model of the at least the portion
of the environment of the first user occurs while the
second user is remotely located from the environ-
ment of the first user.

7. The computer-implemented method of any of the
preceding claims, wherein:

the 3D model of the at least the portion of the
environment of the first user comprises a 3D
model of a target object located in the environ-
ment of the first user;
the second user’s interaction with the 3D model
of the at least the portion of the environment
comprises placing the virtual marker at a partic-
ular location on a surface of the 3D model of the
target object; and
displaying the virtual marker at the specified po-
sition of the environment of the first user com-
prises displaying the virtual marker at a corre-
sponding location on a surface of the target ob-
ject within the view of the environment of the first
user.

8. The computer-implemented method of any of the
preceding claims, further comprising:

obtaining, from one or more spatial sensors cou-
pled to the first computing system, spatial sens-
ing data that indicates spatial characteristics of
the environment of the first user; and
generating, based on the spatial sensing data,
the 3D model of the at least the portion of the
environment of the first user.

9. The computer-implemented method of any of the
preceding claims, further comprising:

analyzing the 3D model of the at least the portion
of the environment of the first user to identify a
virtual object in the 3D model of the at least the
portion of the environment of the first user that
represents a target object located in the envi-
ronment of the first user; and
generating a 3D model of the target object by
extracting the identified virtual object from the
3D model of the at least the portion of the envi-
ronment of the first user,
wherein the second user specifies the position
of the virtual marker by placing the virtual marker
at a particular location in a virtual environment
that includes the 3D model of the target object.

10. The computer-implemented method of any of the
preceding claims, wherein the device is a head-
mounted display (HMD) device, wherein the HMD
device displays the virtual marker at the specified
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position of the environment of the first user while the
first user is wearing the HMD device.

11. The computer-implemented method of any of the
preceding claims, wherein providing the view of the
environment of the first user comprises generating
an augmented view of the environment that shows
one or more virtual objects at fixed positions in a 3D
space of the environment.

12. Computer program instructions that, when executed
by one or more processors, cause the method of one
or more of claims 1 to 11 to be performed.

13. A computer-implemented method, comprising:

receiving, by a computing system, data that rep-
resents a 3D model of at least a portion of an
environment of a first user;
rendering, by the computing system for display
to a second user, the 3D model of the at least
the portion of the environment of the first user;
identifying, by the computing system, that a user
input placed a virtual marker at a specified po-
sition of a virtual environment that includes the
3D model of the at least the portion of the envi-
ronment of the first user; and
transmitting, by the computing system, an in-
struction for the virtual marker to be displayed
within a view of the environment of the first user
at a specified position of the environment of the
first user that corresponds to the specified posi-
tion of the virtual environment at which the user
input placed the virtual marker.

14. The computer-implemented method of claim 13,
wherein rendering the 3D model of the at least the
portion of the environment of the first user comprises
augmenting a direct real-world view of a second en-
vironment of a second user with the 3D model of the
at least the portion of the environment of the first
user.

15. Computer program instructions that, when executed
by one or more processors, cause the method of
claim 13 or 14 to be performed.
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