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(57) ABSTRACT

A “Tactile Autonomous Drone” (TAD) (e.g., flying drones,
mobile robots, etc.) supplies real-time tactile feedback to
users immersed in virtual reality (VR) environments. TADs
are not rendered into the VR environment, and are therefore
not visible to users immersed in the VR environment. In
various implementations, one or more TADs track users as
they move through a real-world space while immersed in the
VR environment. One or more TADs apply tracking infor-
mation to autonomously position themselves, or one or more
physical surfaces or objects carried by the TADs, in a way
that enables physical contact between those surfaces or
objects and one or more portions of the user’s body. Further,
this positioning of surfaces or objects corresponds to some
real-time virtual event, virtual object, virtual character,
virtual avatar of another user, etc., in the VR environment to
provide real-time tactile feedback to users immersed in the
VR environment.
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AUTONOMOUS DRONES FOR TACTILE
FEEDBACK IN IMMERSIVE VIRTUAL
REALITY

BACKGROUND

[0001] Many applications for augmented reality (AR)
devices and scenarios construct augmented content, such as
2D overlays, text, virtual objects, etc. Augmented content
may also be added to other types of applications, such as 2D
overlays and text over an image. In other words, an AR
device often shows a view of the world, with some overlay
layer of information. In contrast to these types of AR
scenarios, virtual reality (VR) devices, such as a wearable
headset, generally present the user with a completely virtual
environment.

[0002] A variety of mechanisms exist that provide haptic
feedback in both AR and VR scenarios. For example, such
mechanisms include haptic devices that are held by or
attached to the user. Examples of these types of haptic
devices include force-feedback video game controllers,
wearable gloves that provide sensation or stimulation to the
user’s hand, movable arms that contact the user’s finger or
hand, directed air blasts, directed sound fields, etc. These
types of haptic feedback devices are generally synched to
AR, VR or other media content that is being presented to the
user to enhance the user experience with various types of
tactile sensations.

SUMMARY

[0003] The following Summary is provided to introduce a
selection of concepts in a simplified form that are further
described below in the Detailed Description. This Summary
is not intended to identify key features or essential features
of the claimed subject matter, nor is it intended to be used
as an aid in determining the scope of the claimed subject
matter. Further, while certain disadvantages of other tech-
nologies may be discussed herein, the claimed subject
matter is not intended to be limited to implementations that
may solve or address any or all of the disadvantages of those
other technologies. The sole purpose of this Summary is to
present some concepts of the claimed subject matter in a
simplified form as a prelude to the more detailed description
that is presented below.

[0004] In general, a “Tactile Autonomous Drone” (TAD)
(e.g., flying drones, mobile robots, autonomous vehicles,
etc.) supplies real-time tactile feedback to users immersed in
virtual reality (VR) environments. TADs are not rendered
into the VR environment and are therefore not visible to
users immersed in the VR environment. In various imple-
mentations, one or more TADs, or sensors accessible to one
or more TADs, track TAD positions relative to the positions
and motions of users as they move through a real-world
space while immersed in the VR environment. In various
implementations, one or more TADs apply the resulting
tracking information to automatically position themselves,
or one or more physical surfaces or objects carried by the
TADs, in a way that enables physical contact between those
surfaces or objects and one or more portions of the user’s
body. In further implementations, a computer-based or
cloud-based control system directs and positions one or
more TADs based on user and TAD position and tracking
information. In either case, this positioning of surfaces or
objects corresponds to real-time virtual events, virtual
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objects, virtual characters, virtual avatar of another user,
etc., in the VR environment to provide real-time tactile
feedback to users immersed in the VR environment.
[0005] In other words, in various implementations,
autonomous drones (or swarms of multiple drones) move
about within a real-world physical space in which users are
participating in an immersive virtual environment. These
autonomous drones provide various functions and services
with respect to one or more users. Further, because the
drones are not rendered into the immersive virtual environ-
ment, those drones provide the various functions and ser-
vices without being seen by the user, thereby enhancing the
user experience and sense of reality when participating in
immersive virtual environments. In various implementa-
tions, these functions and services include, but are not
limited to, comprehensive tactile feedback and positioning
of real-world objects to exert force on the user in any
position in the world in a way that corresponds to real-time
virtual events and virtual characters in the immersive virtual
environment.

[0006] For example, in various implementations, the TAD
applies one or more sensors that capture real-time tracking
information relating to real user motions of a user immersed
in the virtual environment. One or more autonomous mobile
drones then move relative to the user based on the tracking
information. This movement enables one or more of the
autonomous mobile drones to automatically position them-
selves relative to the user in a manner that causes a tactile
surface of the drone (or some real object carried, dropped, or
otherwise positioned by the drone) to contact one or more
user body parts based on corresponding real user motions
while the user interacts with the virtual environment. As
such, the TAD enhances user experience and sense of reality
when participating in immersive virtual environments by
causing contact between real surfaces and one or more user
body parts to generate a physically tactile reality corre-
sponding to one or more real-time virtual events, virtual
characters, virtual objects or object motions, etc., occurring
within the virtual environment.

[0007] The TAD applies one or more autonomous mobile
drones to create real-world real-time tactile feedback corre-
sponding to real-time virtual events, real-time virtual char-
acters, and real-time virtual object positions and motions
while the user moves through a real-world space during an
immersive VR experience. In addition to the benefits
described above, other advantages of the TAD will become
apparent from the detailed description that follows herein-
after.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The specific features, aspects, and advantages of
the claimed subject matter will become better understood
with regard to the following description, appended claims,
and accompanying drawings where:

[0009] FIG. 1 illustrates a swarm of a “Tactile Autono-
mous Drones” (TAD) moving around a user to provide
tactile feedback in immersive virtual reality (VR) environ-
ments, as described herein.

[0010] FIG. 2 illustrates an exemplary multi-copter drone
TAD implementation, as described herein.

[0011] FIG. 3 illustrates an exemplary wheeled vehicle
TAD implementation, as described herein.

[0012] FIG. 4 illustrates an exemplary tracked vehicle
TAD implementation, as described herein.
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[0013] FIG. 5 provides an exemplary architectural flow
diagram that illustrates program modules for effecting an
exemplary TAD-based VR setup, as described herein.
[0014] FIG. 6 illustrates a general system flow diagram
that illustrates exemplary methods for effecting various
implementations of the TAD for providing tactile feedback
in immersive virtual environments, as described herein.
[0015] FIG. 7 is a general system diagram depicting a
simplified general-purpose computing device having sim-
plified computing and I/O capabilities for use in effecting
various implementations of the TAD, as described herein.

DETAILED DESCRIPTION

[0016] In the following description of various implemen-
tations of a “Tactile Autonomous Drone” (TAD), reference
is made to the accompanying drawings, which form a part
hereof, and in which is shown by way of illustration specific
implementations in which the TAD may be practiced. Other
implementations may be utilized and structural changes may
be made without departing from the scope thereof.

[0017] Specific terminology will be resorted to in describ-
ing the various implementations described herein, and that it
is not intended for these implementations to be limited to the
specific terms so chosen. Furthermore, it is to be understood
that each specific term includes all its technical equivalents
that operate in a broadly similar manner to achieve a similar
purpose. Reference herein to “one implementation,” or
“another implementation,” or an “exemplary implementa-
tion,” or an “alternate implementation” or similar phrases,
means that a particular feature, a particular structure, or
particular characteristics described in connection with the
implementation can be included in at least one implemen-
tation of the TAD. Further, the appearance of such phrases
throughout the specification are not necessarily all referring
to the same implementation, and separate or alternative
implementations are not mutually exclusive of other imple-
mentations. The order described or illustrated herein for any
process flows representing one or more implementations of
the TAD does not inherently indicate any requirement for the
processes to be implemented in the order described or
illustrated, and any such order described or illustrated herein
for any process flows do not imply any limitations of the
TAD.

[0018] As utilized herein, the terms “component,” “sys-
tem,” “client” and the like are intended to refer to a
computer-related entity, either hardware, software (e.g., in
execution), firmware, or a combination therecof. For
example, a component can be a process running on a
processor, an object, an executable, a program, a function, a
library, a subroutine, a computer, or a combination of
software and hardware. By way of illustration, both an
application running on a server and the server can be a
component. One or more components can reside within a
process and a component can be localized on one computer
and/or distributed between two or more computers. The term
“processor” is generally understood to refer to a hardware
component, such as a processing unit of a computer system.
[0019] Furthermore, to the extent that the terms
“includes,” “including,” “has,” “contains,” variants thereof,
and other similar words are used in either this detailed
description or the claims, these terms are intended to be
inclusive in a manner similar to the term “comprising” as an
open transition word without precluding any additional or
other elements.
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1.0 INTRODUCTION

[0020] In general, a “Tactile Autonomous Drone” (TAD),
e.g., flying drones, mobile robots, autonomous vehicles, etc.,
creates real-world real-time tactile feedback corresponding
to real-time virtual events, real-time virtual characters, and
real-time virtual object positions and motions while the user
moves through a real-world space during an immersive
virtual reality (VR) experience.

[0021] More specifically, the TAD supplies real-time tac-
tile feedback to users immersed in virtual reality (VR)
environments. TADs are not rendered into the VR environ-
ment and are therefore not visible to users immersed in the
VR environment. In various implementations, one or more
TADs, or sensors accessible to one or more TADs, track
TAD positions relative to the positions and motions of users
as they move through a real-world space while immersed in
the VR environment. In various implementations, one or
more TADs apply the resulting tracking information to
automatically position themselves, or one or more physical
surfaces or objects carried by the TADs, in a way that
enables physical contact between those surfaces or objects
and one or more portions of the user’s body. In further
implementations, a computer-based or cloud-based control
system directs and positions one or more TADs based on
user and TAD position and tracking information. In either
case, this positioning of surfaces or objects corresponds to
real-time virtual events, virtual objects, virtual characters,
virtual avatar of another user, etc., in the VR environment to
provide real-time tactile feedback to users immersed in the
VR environment.

[0022] For example, as illustrated by FIG. 1, in various
implementations a plurality of TADs (100, 120, 140) act as
a swarm or group of autonomous drones that track and move
relative to a user 160. This tracking and motion is based on
the use of a global coordinate system that is synched to both
the real-world environment of the user and to the immersive
VR environment being presented to the user.

[0023] Tracking is accomplished by obtaining TAD and
user tracking information through the use of any combina-
tion of sensors (105, 125, 145) coupled to the TADs (100,
120, 140), sensors (not shown) deployed throughout the
real-world environment, and sensors (not shown) worn or
carried by the user 160. Examples of such sensors include,
but are not limited to, GPS, proximity sensors (e.g., ultra-
sonic, capacitive, photoelectric, inductive, magnetic, RFID,
etc.), motion sensors (e.g., visible light, infrared light, ultra-
sound, microwave, radar, accelerometers, inertial sensors,
etc.), image sensors, touch sensors, microphones, etc.
[0024] One or more of the TADs (100, 120, 140) include
or carry a plurality of surfaces and objects (e.g., 110, 130,
150). Each of the TADs (100, 120, 140) is capable of
maneuvering itself and rotating or positioning its surfaces
and objects (e.g., 110, 130, 150) in such a way that contact
between the user 160 and those surfaces and objects occurs
based on real-time user interaction with the immersive
virtual environment. In various implementations, the TADs
(100, 120, 140) automatically maintain a safety perimeter or
distance from the user 160 at all times to avoid inadvertent
contact between the user and any fixed or moving parts of
the TAD. Further, in various implementations, as illustrated
by FIG. 1, the surfaces and objects (e.g., 110, 130, 150) of
each TAD are suspended from a rod or the like to enable the
main body of the TAD to increase the distance between itself
and the user 160. In various implementations, TAD’s may
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pick up and move one or more real-world objects that may
them be contacted and picked up or used by the user while
the user is immersed in the virtual environment.

[0025] In various implementations, the immersive virtual
environment is presented to the user 160 via a head-worn
VR display device 170 (which may also include an audio
output source, not shown). This head-worn VR display
device 170 is capable of controlling the user’s entire field of
vision on a pixel-by-pixel basis. As such, unless one or more
of the TADs (100, 120, 140) is rendered into the immersive
virtual environment, those TADs will not be visible to the
user. Similarly, in other implementations, the immersive
virtual environment is presented to the user via display
devices in eye-worn contact lenses or the like (not shown)
that cover and control the user’s field of vision.

[0026] In the example of FIG. 1, the user 160 is reaching
out to contact the hand of a virtual character in the immer-
sive virtual environment. In response, TAD 100 positions an
artificial hand contained in the plurality of surfaces and
objects 110 of that TAD. In various implementations, this
artificial hand may be passive (e.g., no moving parts), or it
may be robotic in the sense that it can move, high-five or
grip the user’s hand, etc., so as to provide lifelike tactile
feedback to the user when the user reaches out to contact the
hand of a virtual character in the immersive virtual envi-
ronment.

[0027] One or more of the TADs (100, 120, 140) is capable
of picking up, moving, and dropping off objects in the
real-world environment of the user 160. For example, TAD
120 can drop a real (or toy) physical object (see surfaces and
objects 130) in a position in the real-world environment that
maps to a virtual location in the immersive virtual environ-
ment. Similarly, TAD 120 can position itself, and the real (or
toy) object in such a way that it appears to the user that a
virtual character in the immersive virtual environment is
offering the object to the user 160. The user 160 can then
reach out and physically grasp that object as if the virtual
character had actually handed it to the user. In other words,
one or more of the TADs (100, 120, 140) automatically
position themselves in the real world environment in a way
that maps to a corresponding position in the immersive
virtual environment in order to present real surfaces and
objects to the user 160 in a way that provides real-world
real-time tactile truth to virtual elements of the immersive
virtual environment.

[0028] Exemplary implementations of several different
form factors of the TAD are illustrated by FIG. 2 through
FIG. 4. These exemplary form factors are provided only for
purposes of discussion and that the TAD is not intended to
be limited to the form factors illustrated by FIG. 2 through
FIG. 4. In fact, as mentioned above, the TAD can be
implemented using any desired form of flying drones,
mobile robots, autonomous vehicles, etc. Furthermore, mul-
tiple TADs, each having either the same or a different form
factor from one or more other TADs may operate together to
implement the features and capabilities described herein for
providing real-world real-time tactile feedback correspond-
ing to real-time virtual events, real-time virtual characters,
and real-time virtual object positions and motions while the
user moves through a real-world space during an immersive
VR experience.

[0029] FIG. 2 illustrates a TAD 200 in the form of a flying
multi-copter drone. In general, this TAD 200 includes a
sensor suite 210. As discussed in further detail herein, the
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sensor suite 200 enables the TAD 200 to track its own
position and the position and motions of other TADs, track
one or more users, track moving real objects, people, etc. in
the real world environment around the user, navigate and
position itself (and objects or surfaces carried by the TAD)
relative to the user, etc. This exemplary TAD 200 also
includes an optionally rotatable and optionally telescoping
member or rod 220 extending from the base of the TAD.
This enables the TAD 200 to position one or more objects or
surfaces (e.g., textured surface 240, and robotic hand 250)
relative to the user to provide the aforementioned tactile
feedback upon contact or interaction with the user. Further,
objects such as the robotic hand 250 may be coupled to
members or rods 230 that may rotate, translate, extend,
contract, etc., in multiple dimensions relative to rod 220 to
assist the TAD 200 in accurately positioning such objects
and surfaces relative to the user.

[0030] FIG. 3 illustrates a TAD 300 in the form of a
wheeled vehicle. In general, this TAD 300 includes a sensor
suite 310. As discussed in further detail herein, the sensor
suite 310 enables the TAD 300 to track its own position and
the position and motions of other TADs, track one or more
users, track moving real objects, people, etc. in the real
world environment around the user, navigate and position
itself (and objects or surfaces carried by the TAD) relative to
the user, etc. This exemplary TAD 300 also includes an
optionally rotatable and optionally telescoping member or
rod 320 extending from the base of the TAD. This enables
the TAD 300 to position one or more objects or surfaces 330
relative to the user to provide the aforementioned tactile
feedback upon contact or interaction with the user.

[0031] Similarly, FIG. 4 illustrates a TAD 400 in the form
of a tracked vehicle. In general, this TAD 400 includes a
sensor suite 410. As discussed in further detail herein, the
sensor suite 410 enables the TAD 300 to track its own
position and the position and motions of other TADs, track
one or more users, track moving real objects, people, etc. in
the real world environment around the user, navigate and
position itself (and objects or surfaces carried by the TAD)
relative to the user, etc. This exemplary TAD 400 also
includes an optionally rotatable and optionally telescoping
turret 430 extending from the TAD. This turret 430 includes
a plurality of surfaces and objects 420 that may be posi-
tioned by moving the TAD 400 and rotating and/or extend-
ing the turret 430 to position one or more objects or surfaces
420 relative to the user to provide the aforementioned tactile
feedback upon contact or interaction with the user.

[0032] 1.1 System Overview:

[0033] As mentioned above, the TAD applies one or more
autonomous mobile drones to create real-world real-time
tactile feedback corresponding to real-time virtual events,
real-time virtual characters, and real-time virtual object
positions and motions while the user moves through a
real-world space during an immersive VR experience. The
processes summarized above are illustrated by the general
system diagram of FIG. 5. In particular, the system diagram
of FIG. 5 illustrates the interrelationships between program
modules for implementing various implementations of the
TAD, as described herein. Furthermore, while the system
diagram of FIG. 5 illustrates a high-level view of various
implementations of the TAD, FIG. 5 is not intended to
provide an exhaustive or complete illustration of every
possible implementation of the TAD as described through-
out this document.
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[0034] In addition, any boxes and interconnections
between boxes that may be represented by broken or dashed
lines in FIG. 5 represent alternate implementations of the
TAD described herein, and that any or all of these alternate
implementations, as described below, may be used in com-
bination with other alternate implementations that are
described throughout this document.

[0035] As illustrated by FIG. 5, in various implementa-
tions, the processes enabled by the TAD begin operation by
using a real-time tracking module 500 that applies real-time
tracking information received from a plurality of sensors
(510, 530, 540) to continuously capture and map a real-
world environment around a user, and to track the user and
other real people, real objects, and real surfaces in the
real-world environment. In addition, the real-time tracking
module 500 track the motion and positions of each of a
plurality of TADs 520.

[0036] A virtual environment generation and sync module
550 then generates a real-time immersive virtual environ-
ment and applies the real-time tracking information to
position the TADs 520 and one or more corresponding
“tactile virtual extensions” (defined herein as any physical
object or surface that may be positioned by the TAD) relative
to the user. Further, this positioning of TADs 520 and tactile
virtual extensions is performed in a way that is synchronized
in real-time to the immersive virtual environment being
presented to the user.

[0037] A contact initiation module 560 then determines
whether a user is likely to attempt contact with a virtual
element of immersive virtual environment. Then, when user
interaction with the immersive virtual environment is likely
to result in user contact with a virtual element of the
immersive virtual environment, the contact initiation mod-
ule 560 positions at least one of the tactile virtual extensions
of a least one of the TADs 520 to physically contact the user
at the same time that the user touches the corresponding
virtual element.

[0038] In various implementations, a virtual environment
update module 570 operates throughout the immersive vir-
tual environment session to perform real-time updates to the
immersive virtual environment based on user interaction
with the immersive virtual environment and any tactile
virtual extensions of the TADs 520.

[0039] In addition, in further implementations, a user
safety module 580 evaluates real-time positions and motions
of the user, real-time positions and motions of all TADs 520,
and real-time positions and motions of any tactile virtual
extensions of all TADs 520. The user safety module 580 uses
this information to automatically position the TADs 520 to
ensure that no unintended contact is made or likely to occur
between the user and any portion of any TAD or any tactile
virtual extensions of any TAD.

2.0 OPERATIONAL DETAILS OF THE TAD

[0040] The above-described program modules are
employed for implementing various implementations of the
TAD. As summarized above, the TAD applies one or more
autonomous mobile drones to create real-world real-time
tactile feedback corresponding to real-time virtual events,
real-time virtual characters, and real-time virtual object
positions and motions while the user moves through a
real-world space during an immersive VR experience. The
following sections provide a detailed discussion of the
operation of various implementations of the TAD, and of
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exemplary methods for implementing the features and pro-
gram modules described in Section 1 with respect to FIG. 1
and FIG. 2. In particular, the following sections provides
examples and operational details of various implementations
of the TAD, including:

[0041] An operational overview of the TAD;

[0042] Tracking and scene capture using drones and

drone swarms;

[0043] Tracking-based tactile feedback;

[0044] User safety; and

[0045] Spatial audio source positioning.
[0046] 2.1 Operational Overview:

[0047] As mentioned above, the TAD applies one or more
autonomous mobile drones to create real-world real-time
tactile feedback corresponding to real-time virtual events,
real-time virtual characters, and real-time virtual object
positions and motions while the user moves through a
real-world space during an immersive VR experience. As
such, the TAD may be applied to provide tactile feedback to
the user when presenting the immersive virtual environment
to the user in an otherwise empty real-world space that gives
the user full freedom of motion. In further implementations,
the real-world space may contain real objects, people, ani-
mals, etc., that may be dynamically tracked for user safety
purposes and optionally rendered into the immersive VR
experience in positions mapped to their real-world positions.
This enables the user to either avoid or interact with the real
objects, people, animals, etc., while the user is engaged in
the immersive VR experience.

[0048] 2.2 Tracking and Scene Capture Using Drones and
Drone Swarms:
[0049] In various implementations, the TAD operations

begin by receiving real-time user, drone, and environmental
tracking and mapping information from a plurality of sen-
sors. The sensors used for this purpose include any combi-
nation of head mounted sensors (e.g., coupled to the VR
display device), body worn sensors, sensors embedded in or
coupled to each TAD, sensors dispersed throughout the
real-world space, etc. Examples of such sensors include, but
are not limited to, GPS, proximity sensors (e.g., ultrasonic,
capacitive touch, photoelectric, inductive, magnetic, RFID,
etc.), motion sensors (e.g., visible light, infrared, ultrasound,
microwave/radar technology, accelerometers, inertial sen-
sors, etc.), image sensors, microphones, etc.

[0050] The resulting tracking and environmental informa-
tion is then applied to capture and map the real-world
environment (i.e., the scene), track the user and other real
people, objects and surfaces in the real-world environment,
and to track each TAD in the real-world environment. Some
or all of this tracking and environmental information is then
consolidated and synched in real-time to the rendering of the
immersive virtual environment being presented to the user.
[0051] In various implementations, the TAD, or a local,
remote, or cloud-based computing system accessible to the
TAD, integrates real-time tracking information received
from multiple sensors for scene understanding (e.g., real-
world environment around the user), user tracking, and user
safety purposes. In various implementations, the sensor data
is applied to a data fusion process that enables real-time
real-world body tracking of users relative to the real-world
environment while they participate in the immersive virtual
environment. As such, the TADs can operate using both
onboard and external sensor arrays that enable each TAD to
individually and autonomously position itself to optimally
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observe the scene and the user. Further, in various imple-
mentations, drone swarms (comprising any of a plurality of
drone types and sizes) can fly or move around a user as the
user moves in the real world space while immersed in the
virtual environment.

[0052] More specifically, in various implementations, the
tracking system component of the TAD maintains a global
3D coordinate system relative to the real-world environment
around the user. This tracking system component maintains
position p,,, for each user v, in combination with an orien-
tation o, for each user relatlve to the global coordinate
system. Further in various implementations, the tracking
system component of the TAD also tracks a 3D skeleton
model s, of each user and a 3D hand model b, of each of the
user’s hands

[0053] The tracking system component tracks each TAD
in manner similar to tracking of each user. This enables each
of the drones, i.e., each TAD, d;, to maintain position Pay
orientation o 4 and fixed transformatlons tys and to position
and orient any of the different tactile feedback extensions e,
for each drone and any extended or moving parts of the
drone (e.g., rotors, wheels, etc.) relative to the user (or
pertinent parts of the user such as outstretched hands).
[0054] 2.2.1 Hand and Body Tracking:

[0055] In the case of user body tracking (or moving object
or person tracking), one or more TADs may optionally
position themselves around the user in orientations that
enable detailed tracking of particular body parts or objects.
This enables close tracking of multiple body parts of the user
in a way that enables real-time re-creation and rendering of
the user body (or some virtual avatar or digital analog) in the
same space as the user in way that increases user sense of
self when participating in the immersive virtual environ-
ment. For example, in contrast to performing hand tracking
solely from a head worn device or from fixed sensors, in
various implementations, one or more drones moves autono-
mously to position themselves for improved hand tracking.
User’s hands can then be accurately tracked and rendered in
real-time into the virtual environment.

[0056] Consequently, depending on where the user looks
in the immersive virtual environment, she may see a corre-
sponding virtual image of some part of her body that is doing
the same thing as the real parts of her body (which are not
actually visible to her) while she interacts with the immer-
sive virtual environment. As a result, in various implemen-
tations, the TAD provides tactile feedback while also cap-
turing the scene and persons in the scene in a way that allows
users body parts (e.g., hands, torso, legs, etc.) to be rendered
into the virtual scene in real time in a way the further
increases user sense of self while participating in the immer-
sive virtual environment.

[0057] In addition, hand (and optionally full body track-
ing) can be maintained by the drones even while the user is
looking in some other direction. For example, if the user
looks towards the ceiling, typical head-worn tracking
devices will no longer have the user’s hands (or other body
parts such as torso, legs, knees, feet, etc.) within their field
of view. However, by using the autonomous drones to
determine and maintain optimal positions for continued
tracking, the immersive virtual environment can be dynami-
cally updated in real-time based on anything that the user is
doing with her hands or other body parts. Further, in the case
that multiple users are sharing the same immersive virtual
environment, tracking and rendering of virtual avatars cor-
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responding to the motions of other real users will tend to
increase each user’s sense of realism with respect to other
users in the immersive virtual environment.

[0058] 2.3 Tracking-Based Tactile Feedback:

[0059] Generally, donning a head-mounted display and
entering a virtual environment addresses only one of the
user’s senses (sight). Similarly, donning headphones adds
sound to the senses addressed by the virtual environment.
However, as mentioned above, the TAD applies various
combinations of autonomous flying drones, autonomous
mobile robots, and autonomous vehicles to present real
surfaces and objects to users in a way that adds tactile
feedback to immersive virtual environments. In various
implementations, this tactile feedback may also include
force-feedback. In such implementations, the surface or
object presented to the user may resist, vibrate, shake, or
otherwise move based on contact with the user.

[0060] In various implementations, the user is allowed to
move freely within a designated real-world clutter free space
(e.g., no surfaces, objects, or other people that the user may
inadvertently contact while in the immersive VR environ-
ment. In such implementations, a typical TAD-based VR
setup consists of a user-worn VR display device, a desig-
nated clutter-free area (where a user can reasonably expect
not to run into things), a sensor-based tracking system
(referred to herein as a tracking system component) that
translates the user and TAD motions and positioning from
the real world into the virtual world, and a plurality of TADs
with real surfaces and objects that are presented for tactile
feedback purposes.

[0061] In wvarious implementations, a synchronization
component of the overall TAD-based VR system designates
specific virtual objects or virtual surfaces within the immer-
sive virtual environment that can be touched by the user as
tactile virtual objects. Further, in various implementations,
one or more tactile virtual objects may be tagged with
various keywords such as soft, hard, wood, metal, plastic,
fabric, wet, dry, ball, drink, etc. Using these predetermined
keywords allows the TAD to select the most closely match-
ing tactile feedback extension on the drone for presentation
to the user in sync with the immersive virtual environment.
[0062] In various implementations, tactile virtual objects
may be highlighted or otherwise designated (e.g., using
glow or any other desired image effect) within the immersive
virtual environment to alert the user as to the fact that
particular virtual surfaces or objects may actually be
touched. When the distance between the user’s hands (or
other body part) and a tactile virtual object (or surface)
decreases, a corresponding TAD and its corresponding tac-
tile virtual object is maneuvered into position based on a
prediction of the physical point, p, in the real-world envi-
ronment where the user will contact the corresponding
virtual object, and the time t, before that contact is predicted
to occur. Given the known specifications and movement
capabilities of each TAD, an estimate is then made as to the
time ty that it will take to bring a partlcular TAD into
posmon Then, as long as tyst, the TAD is directed to
proceed for initiating contact between the user and the
surface or object represented by the corresponding tactile
feedback extension e, of the particular TAD, d,.

[0063] 2.3.1 Multi-Item Carriers:

[0064] In various implementations, one or more TADs
include a rotating member that includes multiple tactile
virtual objects (e.g., real surfaces and objects such as those
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shown with respect to elements 110, 130 and 150 of FIG. 1)
that can be presented to the user based on user interaction
with the immersive virtual environment. See also FIG. 2-4,
as discussed above. For example, the TAD may rotate,
translate, extend, or otherwise position itself, or one or more
appendages holding or otherwise carrying one or more
tactile virtual objects, to position a particular real object or
surface into or next to a user’s hand (or other body part).
Such objects may be dynamic, e.g., a physical robotic hand
extension on a TAD that grips the user’s hand and allows the
user to physically shake the hand or first bump a virtual
character. Such robot hands can be heated and textured to
feel like real human skin. Many additional different types of
dynamic or active extensions may be presented to the user
by the TAD, depending upon the real-time context of the
immersive virtual environment.

[0065] 2.3.2 Positioning Physical Objects:

[0066] As mentioned above, the sensor and tracking capa-
bilities of the TAD are synchronized to the immersive virtual
environment. In various implementations, this enables one
or more of the TADs to optionally pick up and deposit
real-world objects in positions to enable or cause contact
with the user (or to otherwise pass real-world objects to the
user). In other words, in various implementations, the TAD
can pick up and drop or otherwise position actual objects in
locations that user can pick up or otherwise interact with
those objects. For example, if a user reaches out to touch or
pick up a virtual object, the autonomous drone may drop or
position a real version of that virtual object, or some real
analog of the virtual object sufficient to provide tactile
feedback to the user.

[0067] Similarly, in various implementations, the TAD
may act as a butler or robotic device that brings out physical
things and surfaces that the user can interact with in the
virtual environment. The TAD can then move those things
away when the user is done interacting with them. As such,
in various implementations, the TAD acts as a type of
custodian of real objects and surfaces that are presented to
the user in various contexts while the user is participating in
an immersive virtual environment.

[0068] Subject to the carrying weight and size capabilities
of particular TADs, there are no real limits as to what kinds
of objects and surfaces may be presented to the user for
tactile feedback purposes. In fact, such objects may also
include bringing the user real food or drink. For example, the
user can walk into a virtual bar in the immersive virtual
environment and order a drink from a virtual bartender
character. The TAD can then obtain or prepare the ordered
drink and present a real drink to the user for consumption.
In this case, the user will see the virtual bartender handing
or positioning a virtual drink, and when the user reaches out
to grasp the virtual drink, she will actually grasp the real
drink positioned by the TAD. Again, such capabilities
improve the user experience by dramatically increasing the
user’s sense of reality while participating in the immersive
virtual environment.

[0069] 2.3.3 Shared Objects:

[0070] In a multi-user scenario, two or more instances of
a particular device can be dropped or positioned by one or
more drones in separate, but synched, immersive virtual
environments. For example, assume that a first user is in a
location remote from a second user, but that both users are
participating in the same (or closely related) virtual envi-
ronments. In this case, where the first user positions or
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moves a real or virtual object in the location of the first user
relative to the shared virtual environment, a drone in the
location of the second user can move or position a real object
into a corresponding position in the location of the second
user. As such, where the first user hands off, drops, or
positions a real or virtual object in the shared virtual
environment, the second user can physically interact with a
physical proxy of that object within the shared virtual
environment. In other words, the TAD may provide coordi-
nated objects and coordinated drones, such that two or more
users may interact with what they perceive to be the same
objects in a shared virtual environment regardless of where
those users actually are in the real world.

[0071] For example, consider User 1 in Seattle and User 2
in London that are jointly participating in a shared immer-
sive virtual environment via a networked environment, such
as, for example, the Internet. Where User 1 rolls a real or
virtual ball across a surface towards a virtual representation
of User 2 in the shared virtual environment, a TAD in the
physical location of User 2 can then roll a real ball towards
User 2 while the TAD-based VR setup renders and displays
a corresponding real or virtual image of that ball to User 2.
The rendering and display of the image of the ball shown to
both User 1 and User 2 in the shared virtual environment
will then match the motions of the real ball being passed to
User 2. As such, User 2 can catch and physically interact
with a real or virtual ball that was originally passed by User
1 from the other side of the world. Such capabilities are not
limited to tossing or rolling balls. In fact, any physical or
virtual device available to User 1 can be passed or shared
with User 2 so long as one or more of the TADs in the
real-world space of User 2 includes a corresponding tactile
virtual object or some reasonable facsimile thereof.

[0072] 2.4 User Safety:

[0073] In various implementations, the TAD (or the over-
all TAD-based VR setup) keeps track of the user’s position,
including his head, torso, arms, hands, legs, feet, etc. The
TAD (or the overall TAD-based VR setup) also keeps track
of the positions and motions of each individual drone and its
various components (e.g., extensions, rotors, body, etc.). In
each frame of the VR simulation, or at any desired time
interval, the TAD (or the overall TAD-based VR setup)
determines the distance between the user’s body and the
drone’s body and rotors or other components. If that distance
is beneath a secure threshold, or the movement of the user
or drone is too fast to ensure safety, the system immediately
breaks off any active tactile feedback, and moves the drone
back. Further, in various implementations, the entire virtual
environment, or selected portions thereof, may be immedi-
ately terminated and replaced with a live video feed (or
video pass-through) of the real-world environment around
the user in case of emergency or dangerous situations.
[0074] Similarly, in various implementations, safety mark-
ers, fade in/out of real-world walls or objects, etc., may be
rendered into the immersive virtual environment to ensure
that the user is not inadvertently bumping into or otherwise
making unintended contact with other people, surfaces,
objects etc., that exist in the same real-world space as the
user.

[0075] 2.5 Spatial Audio Source Positioning:

[0076] As mentioned above, the TAD-based VR setup
tracks and positions one or more drones relative to the user
in real-time. As such, in various implementations, the TADs
may be equipped with audio output devices that are posi-
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tioned to deliver audio from fixed or moving points in the
real-world space around the user. Such implementations are
particularly useful where the user does not have headphones
or a surround-sound system available for use with the
immersive virtual environment. For example, a TAD may be
positioned to emit speech from a position corresponding to
the mouth of a virtual character in the immersive virtual
environment. The user will then perceive that sound as if it
were actually coming from the virtual character itself. In
other words, in various implementations, the TAD provides
a spatial audio source by causing drones to move to par-
ticular locations and emit audio (e.g., speech, animal sounds,
machine sounds, nature sounds, etc.), thereby further
increasing the user’s sense of realism in the immersive
virtual environment.

3.0 OPERATIONAL SUMMARY OF THE TAD

[0077] The processes described above with respect to FIG.
1 through FIG. 5, and in further view of the detailed
description provided above in Sections 1 and 2, are illus-
trated by the general operational flow diagram of FIG. 6. In
particular, FIG. 6 provides an exemplary operational flow
diagram that summarizes the operation of some of the
various implementations of the TAD. FIG. 6 is not intended
to be an exhaustive representation of all of the various
implementations of the TAD described herein, and that the
implementations represented in FIG. 6 are provided only for
purposes of explanation.

[0078] Further, any boxes and interconnections between
boxes that may be represented by broken or dashed lines in
FIG. 6 represent optional or alternate implementations of the
TAD described herein, and that any or all of these optional
or alternate implementations, as described below, may be
used in combination with other alternate implementations
that are described throughout this document.

[0079] In general, as illustrated by FIG. 6, various imple-
mentations of the TAD provide a real autonomous mobile
drone 600 having one or more tactile virtual extensions 610.
The TAD applies one or more sensors 620 to capture
real-time tracking information relating to real motions and
positions of a user 630 immersed in a real-time rendering of
a virtual environment, and further relating to motions and
positions of the autonomous mobile drone 600 in a real-
world environment 640 around the user.

[0080] The TAD then applies (650) the real-time tracking
information to cause the autonomous mobile drone 600 to
move relative to the user 630 based on the tracking infor-
mation. The autonomous mobile drone 600 automatically
positions (670) itself relative to the user 630 in a manner that
causes one of tactile virtual extensions 610 of the autono-
mous mobile drone to move relative to the user and to
contact one or more user body parts based on real user
motions while the user interacts with the virtual environ-
ment. Further, the contact between the tactile virtual exten-
sion and the one or more user body parts generates (680) a
physically tactile sensation for one or more virtual elements
of the virtual environment.

4.0 EXEMPLARY IMPLEMENTATIONS OF THE
TAD

[0081] The following paragraphs summarize various
examples of implementations that may be claimed in the
present document. The implementations summarized below
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are not intended to limit the subject matter that may be
claimed in view of the detailed description of the TAD.
Further, any or all of the implementations summarized
below may be claimed in any desired combination with
some or all of the implementations described throughout the
detailed description and any implementations illustrated in
one or more of the figures, and any other implementations
and examples described below. The following implementa-
tions and examples are intended to be understood in view of
the detailed description and figures described throughout
this document.

[0082] In various implementations, a TAD is implemented
by means, processes or techniques for applying one or more
autonomous mobile drones to create real-world real-time
tactile feedback corresponding to real-time virtual events,
real-time virtual characters, and real-time virtual object
positions and motions while the user moves through a
real-world space during an immersive VR experience. As
such, the TAD enhances and improves user experience and
sense of reality when participating in immersive virtual
environments by causing contact between real surfaces and
one or more user body parts to generate a physically tactile
reality corresponding to one or more real-time virtual events,
virtual characters, virtual objects or object motions, etc.,
occurring within the virtual environment.

[0083] As a first example, in various implementations, a
system is provided via means, processes or techniques for
providing tactile feedback. In various implementations, a
real autonomous mobile drone having one or more tactile
virtual extensions is provided. In various implementations,
one or more sensors associated with the drone capture
real-time tracking information relating to real motions and
positions of a user immersed in a real-time rendering of a
virtual environment, and further relating to motions and
positions of the autonomous mobile drone in a real-world
environment around the user. In various implementations,
the real-time tracking information is applied to cause the
autonomous mobile drone to move relative to the user based
on the tracking information. In various implementations, the
autonomous mobile drone automatically positions itself
relative to the user in a manner that causes one of tactile
virtual extensions of the autonomous mobile drone to move
relative to the user and to contact one or more user body
parts based on real user motions while the user interacts with
the virtual environment. Further, in various implementa-
tions, the contact between the tactile virtual extension and
the one or more user body parts generates a physically tactile
sensation for one or more virtual elements of the virtual
environment.

[0084] As a second example, in various implementations,
the first example is further modified via means, processes or
techniques for automatically moving one or more autono-
mous mobile drones within the real-world environment
around the user to maintain optimal positions to apply one
or more integral sensors to track and model one or more
specific user body parts.

[0085] As a third example, in various implementations,
any of the first example and the second example are further
modified via means, processes or techniques for synchro-
nizing movement of the autonomous mobile drone relative
to the user to the real-time rendering of the virtual environ-
ment.

[0086] As a fourth example, in various implementations,
any of the first example, the second example, and the third
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example are further modified via means, processes or tech-
niques for evaluating real-time positions and motions of the
user and the autonomous mobile drone and automatically
moving the autonomous mobile drone to ensure that no
unintended contact is made between the user and any portion
of the autonomous mobile drone.

[0087] As a fifth example, in various implementations, any
of the first example, the second example, the third example,
and the fourth example are further modified via means,
processes or techniques for applying one or more autono-
mous mobile drones to place one or more real objects in the
real-world environment around the user in positions mapped
to virtual objects in the virtual environment.

[0088] As a sixth example, in various implementations,
any of the first example, the second example, the third
example, the fourth example, and the fifth example are
further modified via means, processes or techniques for
coupling a plurality of tactile virtual extensions to movable
members of the autonomous mobile drone, each movable
member capable of moving in multiple dimensions to accu-
rately position one or more of the tactile virtual extensions
relative to the user.

[0089] As a seventh example, in various implementations,
any of the first example, the second example, the third
example, the fourth example, the fifth example, and the sixth
example are further modified via means, processes or tech-
niques for presenting the real-time rendering of the virtual
environment to the user in an otherwise empty real-world
environment around the user that allows the user full free-
dom of motion.

[0090] As an eighth example, in various implementations,
any of the first example, the second example, the third
example, the fourth example, the fifth example, the sixth
example, and the seventh example, are further modified via
means, processes or techniques for rendering one or more
safety markers into the immersive virtual environment to
alert the user as to real elements existing within the real-
world environment around the user.

[0091] As a ninth example, in various implementations,
any of the first example, the second example, the third
example, the fourth example, the fifth example, the sixth
example, the seventh example, and the eighth example are
further modified via means, processes or techniques for
replacing the real-time rendering of a virtual environment
with a live video of the real-world environment around the
user whenever it is likely that the user may make unintended
contact with the autonomous mobile drone.

[0092] As a tenth example, in various implementations,
any of the first example, the second example, the third
example, the fourth example, the fifth example, the sixth
example, the seventh example, the eighth example, and the
ninth example are further modified via means, processes or
techniques for enabling the autonomous mobile drone for
autonomous flight in the real-world environment around the
user.

[0093] As an eleventh example, in various implementa-
tions, any of the first example, the second example, the third
example, the fourth example, the fifth example, the sixth
example, the seventh example, the eighth example, the ninth
example, and the tenth example are further modified via
means, processes or techniques for causing the tactile virtual
extension to initiate a force-feedback upon contact between
the tactile virtual extension and the one or more user body
parts.
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[0094] As a twelfth example, in various implementations,
any of the first example, the second example, the third
example, the fourth example, the fifth example, the sixth
example, the seventh example, the eighth example, the ninth
example, the tenth example, and the eleventh example are
further modified via means, processes or techniques for
applying an audio output device coupled to the autonomous
mobile drone to position itself to deliver sound from one or
more points in the real-world space around the user, said
sound being coordinated with and mapped to positions of
corresponding virtual elements in the virtual environment.

[0095] As a thirteenth example, in various implementa-
tions, a method is provided via means, processes or tech-
niques for providing tactile feedback in immersive VR. In
various implementations, one or more sensors are applied to
capture real-time tracking information. In various imple-
mentations, this real-time tracking information includes real
motions and positions of a user immersed in a real-time VR,
and motions and positions of a plurality of real autonomous
drones. In various implementations, this real-time tracking
information is applied to cause one or more of the autono-
mous drones to automatically position one or more tactile
virtual extensions coupled to the autonomous drone to
contact one or more user body parts based on real user
motions while the user interacts with the real-time VR. In
various implementations, the contact between the tactile
virtual extension and the one or more user body parts is
synchronized and mapped to one or more virtual elements of
the real-time VR such that the contact generates a physically
tactile sensation for one or more virtual elements of the
real-time VR. IN various implementations, a safety mecha-
nism is applied by evaluating real-time positions and
motions of the user and each of the autonomous drones, to
automatically cause the autonomous drones to move to
positions that ensure that no unintended contact is made
between the user and any portion of any autonomous drone.

[0096] As a fourteenth example, in various implementa-
tions, the thirteenth example is further modified via means,
processes or techniques for applying one or more sensors
integral to one or more of the autonomous drones to main-
tain optimal positions to track and model one or more
specific user body parts.

[0097] As a fifteenth example, in various implementa-
tions, any of the thirteenth example and the fourteenth
example are further modified via means, processes or tech-
niques for applying one or more autonomous drones to place
one or more real objects in a real-world environment around
the user in positions mapped to virtual elements of the
real-time VR.

[0098] As a sixteenth example, in various implementa-
tions, any of the thirteenth example, the fourteenth example,
and the fifteenth example are further modified via means,
processes or techniques for applying one or more autono-
mous drones to cause the tactile virtual extension to initiate
a force-feedback via one or more tactile virtual extensions
upon contact between the tactile virtual extension and the
one or more user body parts.

[0099] As a seventeenth example, in various implementa-
tions, any of the thirteenth example, the fourteenth example,
the fifteenth example, and the sixteenth example are further
modified via means, processes or techniques for coupling a
plurality of tactile virtual extensions to movable members of
one or more autonomous drones, each movable member
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capable of moving in multiple dimensions to accurately
position one or more of the tactile virtual extensions relative
to the user.

[0100] As an eighteenth example, in various implementa-
tions, a computer-implemented process is provided via
means, processes or techniques for directing a plurality of
autonomous drones to maintain optimum positions for
obtaining tracking information for one or more specific body
parts of a user. In various implementations, the tracking
information is applied to model the specific body parts and
render those body parts into an immersive virtual environ-
ment being presented to the user. In various implementa-
tions, the tracking information is applied to cause one or
more of the autonomous drones to automatically position
one or more tactile virtual extensions coupled to the autono-
mous drones to contact one or more user body parts based
on real user motions while the user interacts with the
immersive virtual environment. In various implementations,
the contact between the tactile virtual extension and the one
or more user body parts is synchronized and mapped to one
or more virtual elements of the immersive virtual environ-
ment such that the contact generates a physically tactile
sensation for one or more virtual elements of the immersive
virtual environment.

[0101] As a nineteenth example, in various implementa-
tions, the eighteenth example is further modified via means,
processes or techniques for applying a safety mechanism
that evaluates real-time positions and motions of the user
and each of the autonomous drones, and automatically
directing the autonomous drones to move to positions that
ensure that no unintended contact is made between the user
and any portion of any autonomous drone.

[0102] As a twentieth example, in various implementa-
tions, any of the eighteenth example and the nineteenth
example are further modified via means, processes or tech-
niques for directing one or more autonomous drones to place
one or more real objects in a real-world environment around
the user in positions mapped to virtual elements of the
immersive virtual environment.

5.0 EXEMPLARY OPERATING
ENVIRONMENTS

[0103] The TAD implementations described herein are
operational within numerous types of general purpose or
special purpose computing system environments or configu-
rations. FIG. 7 illustrates a simplified example of a general-
purpose computer system on which various implementations
and elements of the TAD, as described herein, may be
implemented. Any boxes that are represented by broken or
dashed lines in the simplified computing device 700 shown
in FIG. 7 represent alternate implementations of the simpli-
fied computing device. As described below, any or all of
these alternate implementations may be used in combination
with other alternate implementations that are described
throughout this document.

[0104] The simplified computing device 700 is typically
found in devices having at least some minimum computa-
tional capability such as personal computers (PCs), server
computers, handheld computing devices, laptop or mobile
computers, communications devices such as cell phones and
personal digital assistants (PDAs), multiprocessor systems,
microprocessor-based systems, set top boxes, programmable
consumer electronics, network PCs, minicomputers, main-
frame computers, and audio or video media players.
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[0105] To allow a device to realize the TAD implementa-
tions described herein, the device should have a sufficient
computational capability and system memory to enable
basic computational operations. In particular, the computa-
tional capability of the simplified computing device 700
shown in FIG. 7 is generally illustrated by one or more
processing unit(s) 710, and may also include one or more
graphics processing units (GPUs) 715, either or both in
communication with system memory 720. The processing
unit(s) 710 of the simplified computing device 700 may be
specialized microprocessors (such as a digital signal pro-
cessor (DSP), a very long instruction word (VLIW) proces-
sor, a field-programmable gate array (FPGA), or other
micro-controller) or can be conventional central processing
units (CPUs) having one or more processing cores and that
may also include one or more GPU-based cores or other
specific-purpose cores in a multi-core processor.

[0106] In addition, the simplified computing device 700
may also include other components, such as, for example, a
communications interface 730. The simplified computing
device 700 may also include one or more conventional
computer input devices 740 (e.g., touchscreens, touch-sen-
sitive surfaces, pointing devices, keyboards, audio input
devices, voice or speech-based input and control devices,
video input devices, haptic input devices, devices for receiv-
ing wired or wireless data transmissions, and the like) or any
combination of such devices.

[0107] Similarly, various interactions with the simplified
computing device 700 and with any other component or
feature of the TAD, including input, output, control, feed-
back, and response to one or more users or other devices or
systems associated with the TAD, are enabled by a variety
of Natural User Interface (NUI) scenarios. The NUI tech-
niques and scenarios enabled by the TAD include, but are
not limited to, interface technologies that allow one or more
users user to interact with the TAD in a “natural” manner,
free from artificial constraints imposed by input devices
such as mice, keyboards, remote controls, and the like.
[0108] Such NUI implementations are enabled by the use
of various techniques including, but not limited to, using
NUI information derived from user speech or vocalizations
captured via microphones or other input devices 740 or
system sensors 705. Such NUI implementations are also
enabled by the use of various techniques including, but not
limited to, information derived from system sensors 705 or
other input devices 740 from a user’s facial expressions and
from the positions, motions, or orientations of a user’s
hands, fingers, wrists, arms, legs, body, head, eyes, and the
like, where such information may be captured using various
types of 2D or depth imaging devices such as stereoscopic
or time-of-flight camera systems, infrared camera systems,
RGB (red, green and blue) camera systems, and the like, or
any combination of such devices.

[0109] Further examples of such NUI implementations
include, but are not limited to, NUI information derived
from touch and stylus recognition, gesture recognition (both
onscreen and adjacent to the screen or display surface), air
or contact-based gestures, user touch (on various surfaces,
objects or other users), hover-based inputs or actions, and
the like. Such NUI implementations may also include, but
are not limited to, the use of various predictive machine
intelligence processes that evaluate current or past user
behaviors, inputs, actions, etc., either alone or in combina-
tion with other NUI information, to predict information such
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as user intentions, desires, and/or goals. Regardless of the
type or source of the NUI-based information, such informa-
tion may then be used to initiate, terminate, or otherwise
control or interact with one or more inputs, outputs, actions,
or functional features of the TAD.

[0110] However, the aforementioned exemplary NUT sce-
narios may be further augmented by combining the use of
artificial constraints or additional signals with any combi-
nation of NUT inputs. Such artificial constraints or additional
signals may be imposed or generated by input devices 740
such as mice, keyboards, and remote controls, or by a variety
of remote or user worn devices such as accelerometers,
electromyography (EMG) sensors for receiving myoelectric
signals representative of electrical signals generated by
user’s muscles, heart-rate monitors, galvanic skin conduc-
tion sensors for measuring user perspiration, wearable or
remote biosensors for measuring or otherwise sensing user
brain activity or electric fields, wearable or remote biosen-
sors for measuring user body temperature changes or dif-
ferentials, and the like. Any such information derived from
these types of artificial constraints or additional signals may
be combined with any one or more NUI inputs to initiate,
terminate, or otherwise control or interact with one or more
inputs, outputs, actions, or functional features of the TAD.
[0111] The simplified computing device 700 may also
include other optional components such as one or more
conventional computer output devices 750 (e.g., display
device(s) 755, audio output devices, video output devices,
devices for transmitting wired or wireless data transmis-
sions, and the like). Typical communications interfaces 730,
input devices 740, output devices 750, and storage devices
760 for general-purpose computers are well known to those
skilled in the art, and will not be described in detail herein.
[0112] The simplified computing device 700 shown in
FIG. 7 may also include a variety of computer-readable
media. Computer-readable media can be any available
media that can be accessed by the computing device 700 via
storage devices 760, and include both volatile and nonvola-
tile media that is either removable 770 and/or non-remov-
able 780, for storage of information such as computer-
readable or computer-executable instructions, data
structures, program modules, or other data.

[0113] Computer-readable media includes computer stor-
age media and communication media. Computer storage
media refers to tangible computer-readable or machine-
readable media or storage devices such as digital versatile
disks (DVDs), Blu-ray discs (BD), compact discs (CDs),
floppy disks, tape drives, hard drives, optical drives, solid
state memory devices, random access memory (RAM),
read-only memory (ROM), electrically erasable program-
mable read-only memory (EEPROM), CD-ROM or other
optical disk storage, smart cards, flash memory (e.g., card,
stick, and key drive), magnetic cassettes, magnetic tapes,
magnetic disk storage, magnetic strips, or other magnetic
storage devices. Further, a propagated signal is not included
within the scope of computer-readable storage media.
[0114] Retention of information such as computer-read-
able or computer-executable instructions, data structures,
program modules, and the like, can also be accomplished by
using any of a variety of the aforementioned communication
media (as opposed to computer storage media) to encode
one or more modulated data signals or carrier waves, or
other transport mechanisms or communications protocols,
and can include any wired or wireless information delivery
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mechanism. The terms “modulated data signal” or “carrier
wave” generally refer to a signal that has one or more of its
characteristics set or changed in such a manner as to encode
information in the signal. For example, communication
media can include wired media such as a wired network or
direct-wired connection carrying one or more modulated
data signals, and wireless media such as acoustic, radio
frequency (RF), infrared, laser, and other wireless media for
transmitting and/or receiving one or more modulated data
signals or carrier waves.

[0115] Furthermore, software, programs, and/or computer
program products embodying some or all of the various
TAD implementations described herein, or portions thereof,
may be stored, received, transmitted, or read from any
desired combination of computer-readable or machine-read-
able media or storage devices and communication media in
the form of computer-executable instructions or other data
structures. Additionally, the claimed subject matter may be
implemented as a method, apparatus, or article of manufac-
ture using standard programming and/or engineering tech-
niques to produce software, firmware 725, hardware, or any
combination thereof to control a computer to implement the
disclosed subject matter. The term “article of manufacture”
as used herein is intended to encompass a computer program
accessible from any computer-readable device, or media.
[0116] The TAD implementations described herein may be
further described in the general context of computer-execut-
able instructions, such as program modules, being executed
by a computing device. Generally, program modules include
routines, programs, objects, components, data structures,
and the like, that perform particular tasks or implement
particular abstract data types. The TAD implementations
may also be practiced in distributed computing environ-
ments where tasks are performed by one or more remote
processing devices, or within a cloud of one or more devices,
that are linked through one or more communications net-
works. In a distributed computing environment, program
modules may be located in both local and remote computer
storage media including media storage devices. Addition-
ally, the aforementioned instructions may be implemented,
in part or in whole, as hardware logic circuits, which may or
may not include a processor.

[0117] Alternatively, or in addition, the functionality
described herein can be performed, at least in part, by one or
more hardware logic components. For example, and without
limitation, illustrative types of hardware logic components
that can be used include field-programmable gate arrays
(FPGAs), application-specific integrated circuits (ASICs),
application-specific standard products (ASSPs), system-on-
a-chip systems (SOCs), complex programmable logic
devices (CPLDs), and so on.

6.0 OTHER IMPLEMENTATIONS

[0118] The foregoing description of the TAD has been
presented for the purposes of illustration and description. It
is not intended to be exhaustive or to limit the claimed
subject matter to the precise form disclosed. Many modifi-
cations and variations are possible in light of the above
teaching. Further, any or all of the aforementioned alternate
implementations may be used in any combination desired to
form additional hybrid implementations of the TAD. It is
intended that the scope of the TAD be limited not by this
detailed description, but rather by the claims appended
hereto. Although the subject matter has been described in
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language specific to structural features and/or methodologi-
cal acts, it is to be understood that the subject matter defined
in the appended claims is not necessarily limited to the
specific features or acts described above. Rather, the specific
features and acts described above are disclosed as example
forms of implementing the claims and other equivalent
features and acts are intended to be within the scope of the
claims.

[0119] What has been described above includes example
implementations. It is, of course, not possible to describe
every conceivable combination of components or method-
ologies for purposes of describing the claimed subject
matter, but one of ordinary skill in the art may recognize that
many further combinations and permutations are possible.
Accordingly, the claimed subject matter is intended to
embrace all such alterations, modifications, and variations
that fall within the spirit and scope of detailed description of
the TAD described above.

[0120] Inregard to the various functions performed by the
above described components, devices, circuits, systems and
the like, the terms (including a reference to a “means”) used
to describe such components are intended to correspond,
unless otherwise indicated, to any component which per-
forms the specified function of the described component
(e.g., a functional equivalent), even though not structurally
equivalent to the disclosed structure, which performs the
function in the herein illustrated exemplary aspects of the
claimed subject matter. In this regard, it will also be recog-
nized that the foregoing implementations include a system
as well as a computer-readable storage media having com-
puter-executable instructions for performing the acts and/or
events of the various methods of the claimed subject matter.

[0121] There are multiple ways of realizing the foregoing
implementations (such as an appropriate application pro-
gramming interface (API), tool kit, driver code, operating
system, control, standalone or downloadable software
object, or the like), which enable applications and services
to use the implementations described herein. The claimed
subject matter contemplates this use from the standpoint of
an API (or other software object), as well as from the
standpoint of a software or hardware object that operates
according to the implementations set forth herein. Thus,
various implementations described herein may have aspects
that are wholly in hardware, or partly in hardware and partly
in software, or wholly in software.

[0122] The aforementioned systems have been described
with respect to interaction between several components. It
will be appreciated that such systems and components can
include those components or specified sub-components,
some of the specified components or sub-components, and/
or additional components, and according to various permu-
tations and combinations of the foregoing. Sub-components
can also be implemented as components communicatively
coupled to other components rather than included within
parent components (e.g., hierarchical components).

[0123] Additionally, one or more components may be
combined into a single component providing aggregate
functionality or divided into several separate sub-compo-
nents, and any one or more middle layers, such as a
management layer, may be provided to communicatively
couple to such sub-components in order to provide inte-
grated functionality. Any components described herein may
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also interact with one or more other components not spe-
cifically described herein but generally known to enable
such interactions.

What is claimed is:

1. A system, comprising:

a real autonomous mobile drone having one or more

tactile virtual extensions;

one or more sensors that capture real-time tracking infor-

mation relating to real motions and positions of a user
immersed in a real-time rendering of a virtual environ-
ment, and further relating to motions and positions of
the autonomous mobile drone in a real-world environ-
ment around the user;

applying the real-time tracking information to cause the

autonomous mobile drone to move relative to the user
based on the tracking information;
the autonomous mobile drone automatically positioning
itself relative to the user in a manner that causes one of
tactile virtual extensions of the autonomous mobile
drone to move relative to the user and to contact one or
more user body parts based on real user motions while
the user interacts with the virtual environment; and

wherein the contact between the tactile virtual extension
and the one or more user body parts generates a
physically tactile sensation for one or more virtual
elements of the virtual environment.

2. The system of claim 1 wherein one or more autono-
mous mobile drones automatically move within the real-
world environment around the user to maintain optimal
positions to apply one or more integral sensors to track and
model one or more specific user body parts.

3. The system of claim 1 wherein the movement of the
autonomous mobile drone relative to the user is further
synchronized to the real-time rendering of the virtual envi-
ronment.

4. The system of claim 1 further comprising evaluating
real-time positions and motions of the user and the autono-
mous mobile drone and automatically moving the autono-
mous mobile drone to ensure that no unintended contact is
made between the user and any portion of the autonomous
mobile drone.

5. The system of claim 1 further comprising applying one
or more autonomous mobile drones to place one or more real
objects in the real-world environment around the user in
positions mapped to virtual objects in the virtual environ-
ment.

6. The system of claim 1 wherein a plurality of tactile
virtual extensions are coupled to movable members of the
autonomous mobile drone, each movable member capable
of moving in multiple dimensions to accurately position one
or more of the tactile virtual extensions relative to the user.

7. The system of claim 1 further comprising presenting
the real-time rendering of the virtual environment to the user
in an otherwise empty real-world environment around the
user that allows the user full freedom of motion.

8. The system of claim 1 further comprising rendering one
or more safety markers into the immersive virtual environ-
ment to alert the user as to real elements existing within the
real-world environment around the user.

9. The system of claim 1 further comprising replacing the
real-time rendering of a virtual environment with a live
video of the real-world environment around the user when-
ever it is likely that the user may make unintended contact
with the autonomous mobile drone.
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10. The system of claim 1 wherein the autonomous
mobile drone is capable of autonomous flight in the real-
world environment around the user.

11. The system of claim 1 wherein the autonomous mobile
drone causes the tactile virtual extension to initiate a force-
feedback upon contact between the tactile virtual extension
and the one or more user body parts.

12. The system of claim 1 further comprising an audio
output device coupled to the autonomous mobile drone such
that the autonomous mobile drone delivers sound from one
or more points in the real-world space around the user, said
sound being coordinated with and mapped to positions of
corresponding virtual elements in the virtual environment.

13. A method, comprising:

applying one or more sensors to capture real-time tracking

information;

the real-time tracking information including real motions

and positions of a user immersed in a real-time virtual
reality (VR), and motions and positions of a plurality of
real autonomous drones;

applying the real-time tracking information to cause one

or more of the autonomous drones to automatically
position one or more tactile virtual extensions coupled
to the autonomous drone to contact one or more user
body parts based on real user motions while the user
interacts with the real-time VR;

wherein the contact between the tactile virtual extension

and the one or more user body parts is synchronized
and mapped to one or more virtual elements of the
real-time VR such that the contact generates a physi-
cally tactile sensation for one or more virtual elements
of the real-time VR; and

applying a safety mechanism that evaluates real-time

positions and motions of the user and each of the
autonomous drones, and that automatically causes the
autonomous drones to move to positions that ensure
that no unintended contact is made between the user
and any portion of any autonomous drone.

14. The method of claim 13 further comprising applying
one or more sensors integral to one or more of the autono-
mous drones to maintain optimal positions to track and
model one or more specific user body parts.

15. The method of claim 13 further comprising applying
one or more autonomous drones to place one or more real
objects in a real-world environment around the user in
positions mapped to virtual elements of the real-time VR.
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16. The method of claim 13 wherein one or more autono-
mous drones causes one or more of the tactile virtual
extensions to initiate a force-feedback via the tactile virtual
extension upon contact between the tactile virtual extension
and the one or more user body parts.
17. The method of claim 13 wherein a plurality of tactile
virtual extensions are coupled to movable members of one
or more of the autonomous drones, each movable member
capable of moving in multiple dimensions to accurately
position one or more of the tactile virtual extensions relative
to the user.
18. A computer-implemented process comprising using a
computer to perform process actions for:
directing a plurality of autonomous drones to maintain
optimum positions for obtaining tracking information
for one or more specific body parts of a user;

applying the tracking information to model the specific
body parts and render those body parts into an immer-
sive virtual environment being presented to the user;

applying the tracking information to cause one or more of
the autonomous drones to automatically position one or
more tactile virtual extensions coupled to the autono-
mous drones to contact one or more user body parts
based on real user motions while the user interacts with
the immersive virtual environment; and

wherein the contact between the tactile virtual extension

and the one or more user body parts is synchronized
and mapped to one or more virtual elements of the
immersive virtual environment such that the contact
generates a physically tactile sensation for one or more
virtual elements of the immersive virtual environment.

19. The computer-implemented process of claim 18 fur-
ther comprising process actions for:

applying a safety mechanism that evaluates real-time

positions and motions of the user and each of the
autonomous drones; and

automatically directing the autonomous drones to move to

positions that ensure that no unintended contact is made
between the user and any portion of any autonomous
drone.

20. The computer-implemented process of claim 18 fur-
ther comprising process actions for directing one or more
autonomous drones to place one or more real objects in a
real-world environment around the user in positions mapped
to virtual elements of the immersive virtual environment.
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