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AT A WEARABLE HEAD-MOUNTED DISPLAY (HMD),
DETECT INFRARED (IR) RADIATION REFLECTED FROM AN IR
REFLECTIVE SURFACE ON A HAND-WEARABLE ITEM,
WHEREIN THE IR REFLECTIVE SURFACE IS IN THE FORM OF
A PARTICULAR SURFACE PATTERN

902

DECODE THE PARTICULAR SURFACE PATTERN FROM THE
DETECTED IR RADIATION TO OBTAIN AN ITEM IDENTIFIER

~
904

DETERMINE THAT THE ITEM IDENTIFIER MATCHES
A PREDETERMINED IDENTIFIER ASSOCIATED WITH
THE WEARABLE HMD
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TRACK POSITION AND MOTION OF THE HAND-WEARABLE ITEM
RELATIVE TO THE WEARABLE HVD BY MEASURING POSITION
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WEARABLE MARKER FOR PASSIVE
INTERACTION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority under 35 U.S.C. §119(e) to
U.S. Provisional Patent Application Ser. No. 61/507,184,
filed on Jul. 13, 2011, which is incorporated herein in its
entirety by reference.

BACKGROUND

Unless otherwise indicated herein, the materials described
in this section are not prior art to the claims in this application
and are not admitted to be prior art by inclusion in this section.

Various technologies can be utilized to provide users with
electronic access to data and services in communication net-
works, as well as to support communication between users.
For example, devices such as computers, telephones, and
personal digital assistants (PDAs) can be used to exchange
information over communication networks including the
Internet. Communication networks may in turn provide com-
munication paths and links to servers, which can host appli-
cations, content, and services that may be accessed or utilized
by users via communication devices. The content can include
text, video data, audio data and/or other types of data.

SUMMARY

In one aspect, an example embodiment presented herein
provides a computer-implemented method comprising: at a
wearable head-mount display (HMD), detecting infrared (IR)
radiation reflected from an IR reflective surface on a hand-
wearable item, the IR reflective surface being in the form of a
particular surface pattern and being substantially optically
invisible; decoding the particular surface pattern from the
detected IR radiation to obtain an item identifier; determining
that the item identifier matches a predetermined identifier
associated with the wearable HMD; and responsive to deter-
mining that the item identifier matches the predetermined
identifier, tracking position and motion of the hand-wearable
item relative to the wearable HMD by measuring position and
motion of the particular surface pattern relative to the wear-
able HMD via the detected IR radiation.

In another aspect, an example embodiment presented
herein provides a wearable head-mounted display (HMD)
comprising: means for detecting infrared (IR) radiation
reflected from an IR reflective surface on a hand-wearable
item, wherein the IR reflective surface is in the form of a
particular surface pattern and is substantially optically invis-
ible; means for decoding the particular surface pattern from
the detected IR radiation to obtain an item identifier; means
for determining that the item identifier matches a predeter-
mined identifier associated with the wearable HMD; and
means for responding to determining that the item identifier
matches the predetermined identifier by measuring position
and motion of the particular surface pattern relative to the
wearable HMD via the detected IR radiation, in order to track
position and motion of the hand-wearable item relative to the
wearable HMD.

In another aspect, an example embodiment presented
herein provides a nontransitory computer-readable medium
having instructions stored thereon that, upon execution by
one or more processors of a wearable head-mounted display
HMD, cause the wearable HMD to carry out functions com-
prising: detecting infrared (IR) radiation reflected from an IR
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reflective surface on a hand-wearable item, wherein the IR
reflective surface is in the form of a particular surface pattern
and is substantially optically invisible; decoding the particu-
lar surface pattern from the detected IR radiation to obtain an
item identifier; determining that the item identifier matches a
predetermined identifier associated with the wearable HMD;
and responsive to determining that the item identifier matches
the predetermined identifier, tracking position and motion of
the hand-wearable item relative to the wearable HMD by
measuring position and motion of the particular surface pat-
tern relative to the wearable HMD via the detected IR radia-
tion.

These as well as other aspects, advantages, and alternatives
will become apparent to those of ordinary skill in the art by
reading the following detailed description, with reference
where appropriate to the accompanying drawings. Further, it
should be understood that this summary and other descrip-
tions and figures provided herein are intended to illustrative
embodiments by way of example only and, as such, that
numerous variations are possible. For instance, structural ele-
ments and process steps can be rearranged, combined, dis-
tributed, eliminated, or otherwise changed, while remaining
within the scope of the embodiments as claimed.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1a is a first view of an example wearable head-
mounted display for receiving, transmitting and displaying
data, in accordance with an example embodiment.

FIG. 15 is a second view of an example wearable head-
mounted display of FIG. 1a, in accordance with an example
embodiment.

FIG. 2 is block diagram of a wearable head-mounted dis-
play, in accordance with an example embodiment.

FIG. 3 is a simplified block diagram of a communication
network, in accordance with an example embodiment.

FIG. 4a is a block diagram of a computing device, in
accordance with an example embodiment.

FIG. 4b depicts a network with clusters of computing
devices of the type shown in FIG. 44, in accordance with an
example embodiment.

FIG. 5 illustrates a wearable marker for passive interaction
with a wearable computing device, according to an example
embodiment.

FIG. 6 illustrates triangulation of a wearable marker by a
wearable computing device, according to an example
embodiment.

FIG. 7 illustrates tracking of a wearable marker by a wear-
able computing device, according to an example embodi-
ment.

FIG. 8 is illustrates example wearable markers, according
to an example embodiment.

FIG. 9 is a flowchart illustrating an example embodiment
of' a method in a wearable computing device for passively
interacting with a wearable marker.

DETAILED DESCRIPTION

1. Overview

In accordance with example embodiments, a wearable
marker may be used for passive interaction with a wearable
computing device. A wearable marker may take the form of'a
ring, a bracelet, an artificial fingernail configured to be affixed
to a fingernail, a decal configured to be affixed to a fingernail,
or a glove, among other possible wearable items. A wearable
marker may further include an infrared (IR ) reflective surface
in the form of a surface pattern, the IR reflective surface being
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substantially optically invisible. The surface pattern could
include a number, a pattern of lines, a pattern of shapes, an
image, or other pictorial design rendering, for example. Being
part of the IR reflective surface, the surface pattern may also
be substantially optically invisible. Both the IR reflective
surface and the included surface pattern may be configured to
be visible to (or detectable by) an IR detection device, such as
an IR camera or other IR detector via reflected IR radiation.

Also in accordance with example embodiments, a wear-
able computing device may include a head-mounted display
(HMD) having eyeglasses or goggles that can combine com-
puter-generated images displayed on the eye-facing surfaces
of lens elements with an actual field of view observable
through the lens elements. The capability presenting the com-
bination of the actual, observed field-of-view (FOV) with the
displayed, computer-generated images can be complemented
or supplemented with various functions and applications, as
well as with various forms of user input and sensory data from
ancillary wearable computing components, to provide rich
and varied experiences and utility for a user or wearer of the
HMD.

In an example embodiment, a HMD can be further
equipped with an IR camera device capable of detecting IR
radiation, and in particular, capable of detecting and recog-
nizing the IR reflective surface pattern on a hand-wearable
item (such as a ring) viareflected IR radiation. In addition, the
HMD and the IR camera device can function together to track
position and motion of the hand-wearable item within a FOV
of'the HMD, and by doing so can recognize known patterns of
motion that correspond to known hand gestures. Recognition
of a known pattern of motion can accordingly be used to
identify a known hand gesture, which in turn can form a basis
for user input to the HMD. For example, a particular gesture
could be associated with a particular command, application,
or other invokable action on the HMD.

In further accordance with example embodiments, an
HMD can be communicatively connected with a communi-
cation network, and can exchange data with a server or server
system (other device) in the network. In still further accor-
dance with example embodiments, applications and/or com-
mands invoked by hand gestures could involve communica-
tion with a server or server system in the communication
network. For example, a hand gesture could cause a program
running on the wearable HMD to upload and/or download
content (e.g., media data) to/from the server.

In still further accordance with example embodiments, the
hand-wearable item bearing the IR reflective surface pattern
could be configured as multiple items bearing multiple, cor-
responding pattern components. For example, the hand-wear-
able item could include multiple rings, multiple artificial
fingernails, or multiple fingernail decals. Multiple pattern
components could be used support complex gestures, for
example ones involving two or more fingers and associated
motion. Moreover, the hand-wearable item could take the
form of a fashionable or stylish adornment having potential
marketing value beyond its function in passive interaction.

2. Example Systems and Network

a. Example Wearable Computing System

In accordance with an example embodiment, a wearable
computing system may comprise various components,
including one or more processors, one or more forms of
memory, one or more sensor devices, one or more /O
devices, one or more communication devices and interfaces,
and a head-mounted display (HMD), all collectively arranged
in a manner to make the system wearable by a user. The
wearable computing system may also include machine-lan-
guage logic (e.g., software, firmware, and/or hardware
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instructions) stored in one or another form of memory and
executable by one or another processor of the system in order
to implement one or more programs, tasks, applications, or
the like. The wearable computing system may be configured
in various form factors, including, without limitation, inte-
grated in the HMD as a unified package, or distributed, with
one or more elements integrated in the HMD and one or more
others separately wearable (e.g., as a garment, in a garment
pocket, as jewelry, etc.).

Although described above as a component of a wearable
computing system, it is sometimes convenient to consider an
HMD to be (or at least to represent) the wearable computing
system. Accordingly, unless otherwise specified, the terms
“wearable head-mounted display” (or “wearable HMD”) or
just “head-mounted display” (or “HMD”’) will be used herein
to refer to a wearable computing system, in either an inte-
grated (unified package) form, a distributed (or partially dis-
tributed) form, or other wearable form.

FIG. 1aillustrates an example wearable computing system
100 for receiving, transmitting, and displaying data. In accor-
dance with an example embodiment, the wearable computing
system 100 is depicted as a wearable HMD taking the form of
eyeglasses 102. However, it will be appreciated that other
types of wearable computing devices could additionally or
alternatively be used.

As illustrated in FIG. 1a, the eyeglasses 102 comprise
frame elements including lens-frames 104 and 106 and a
center frame support 108, lens elements 110 and 112, and
extending side-arms 114 and 116. The center frame support
108 and the extending side-arms 114 and 116 are configured
to secure the eyeglasses 102 to a user’s face via a user’s nose
and ears, respectively. Each of the frame elements 104, 106,
and 108 and the extending side-arms 114 and 116 may be
formed of a solid structure of plastic or metal, or may be
formed of'a hollow structure of similar material so as to allow
wiring and component interconnects to be internally routed
through the eyeglasses 102. Each ofthe lens elements 110 and
112 may include a material on which an image or graphic can
be displayed. In addition, at least a portion of each lens
elements 110 and 112 may be sufficiently transparent to allow
a user to see through the lens element. These two features of
the lens elements could be combined; for example, to provide
an augmented reality or heads-up display where the projected
image or graphic can be superimposed over or provided in
conjunction with a real-world view as perceived by the user
through the lens elements.

The extending side-arms 114 and 116 are each projections
that extend away from the frame elements 104 and 106,
respectively, and are positioned behind a user’s ears to secure
the eyeglasses 102 to the user. The extending side-arms 114
and 116 may further secure the eyeglasses 102 to the user by
extending around a rear portion of the user’s head. Addition-
ally or alternatively, the wearable computing system 100 may
be connected to or be integral to a head-mounted helmet
structure. Other possibilities exist as well.

The wearable computing system 100 may also include an
on-board computing system 118, a video camera 120, a sen-
sor 122, a finger-operable touch pad 124, and a communica-
tion interface 126. The on-board computing system 118 is
shown to be positioned on the extending side-arm 114 of the
eyeglasses 102; however, the on-board computing system 118
may be provided on other parts of the eyeglasses 102. The
on-board computing system 118 may include, for example, a
one or more processors and one or more forms of memory.
The on-board computing system 118 may be configured to
receive and analyze data from the video camera 120, the
sensor 122, the finger-operable touch pad 124, and the wire-
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less communication interface 126 (and possibly from other
sensory devices and/or user interfaces) and generate images
for output to the lens elements 110 and 112.

The video camera 120 is shown to be positioned on the
extending side-arm 114 of the eyeglasses 102; however, the
video camera 120 may be provided on other parts of the
eyeglasses 102. The video camera 120 may be configured to
capture images at various resolutions or at different frame
rates. Video cameras with a small form factor, such as those
used in cell phones or webcams, for example, may be incor-
porated into an example of the wearable system 100.
Although FIG. 1aq illustrates one video camera 120, more
video cameras may be used, and each may be configured to
capture the same view, or to capture different views. For
example, the video camera 120 may be forward facing to
capture at least a portion of a real-world view perceived by the
user. This forward facing image captured by the video camera
120 may then be used to generate an augmented reality where
computer generated images appear to interact with the real-
world view perceived by the user.

The video camera 120 may also include IR detection capa-
bility, such that it may functionality within an IR region of the
electromagnetic spectrum. For example, the operational
properties of the video camera 120 described above could
apply to IR as well as optical light. As such, the video camera
120 could detect IR radiation reflected from an IR reflective
surface pattern on a hand-wearable item (such as ring, or
fingernail decal), for example, and track the position and
motion of the hand-wearable item in FOV of the video camera
120 via IR radiation reflected from the hand-wearable item.
Additionally or alternative, an IR camera device could be
included on the wearable HMD as a separate component or
separate device from the video camera 120. Other configura-
tions are possible as well.

The sensor 122 is shown mounted on the extending side-
arm 116 of the eyeglasses 102; however, the sensor 122 may
be provided on other parts of the eyeglasses 102. Although
depicted as a single component, the sensor 122 in FIG. 1a
could include more than one type of sensor device or element.
By way of example and without limitation, the sensor 122
could include one or more of a motion detector (e.g., a gyro-
scope and/or an accelerometer), a location determination
device (e.g., a GPS device), a magnetometer, and an orienta-
tion sensor (e.g., a theodolite). Other sensing devices or ele-
ments may be included within the sensor 122 and other sens-
ing functions may be performed by the sensor 122.

The finger-operable touch pad 124, shown mounted on the
extending side-arm 114 of the eyeglasses 102, may be used by
auser to input commands. The finger-operable touch pad 124
may sense at least one of a position and a movement of a
finger via capacitive sensing, resistance sensing, or a surface
acoustic wave process, among other possibilities. The finger-
operable touch pad 124 may be capable of sensing finger
movement in a direction parallel to the pad surface, in a
direction normal to the pad surface, or both, and may also be
capable of sensing a level of pressure applied. The finger-
operable touch pad 124 may be formed of one or more trans-
lucent or transparent insulating layers and one or more trans-
lucent or transparent conducting layers. Edges of the finger-
operable touch pad 124 may be formed to have a raised,
indented, or roughened surface, so as to provide tactile feed-
back to a user when the user’s finger reaches the edge of the
finger-operable touch pad 124. Although not shown in FIG.
1a, the eyeglasses 102 could include one more additional
finger-operable touch pads, for example attached to the
extending side-arm 316, which could be operated indepen-
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dently of the finger-operable touch pad 124 to provide a
duplicate and/or different function.

The communication interface 126 could include an
antenna and transceiver device for support of wireline and/or
wireless communications between the wearable computing
system 100 and a remote device or communication network.
For instance, the communication interface 126 could support
wireless communications with any or all of 3G and/or 4G
cellular radio technologies (e.g., CDMA, EVDO, GSM,
UMTS, LTE, WiMAX), as well as wireless local or personal
area network technologies such as a Bluetooth, Zigbee, and
WiFi (e.g., 802.11a, 802.11b, 802.11g). Other types of wire-
less access technologies could be supported as well. The
communication interface 126 could enable communications
between the wearable computing system 100 and one or more
end devices, such as another wireless communication device
(e.g., a cellular phone or another wearable computing device),
auser at a computer in a communication network, or a server
or server system in a communication network. The commu-
nication interface 126 could also support wired access com-
munications with Ethernet or USB connections, for example.

FIG. 15 illustrates another view of the wearable computing
system 100 of FIG. 1a. As shown in F1G. 15, the lens elements
110 and 112 may act as display elements. In this regard, the
eyeglasses 102 may include a first projector 128 coupled to an
inside surface of the extending side-arm 116 and configured
to project a display image 132 onto an inside surface of the
lens element 112. Additionally or alternatively, a second pro-
jector 130 may be coupled to an inside surface of the extend-
ing side-arm 114 and configured to project a display image
134 onto an inside surface of the lens element 110.

The lens elements 110 and 112 may act as a combiner in a
light projection system and may include a coating that reflects
the light projected onto them from the projectors 128 and 130.
Alternatively, the projectors 128 and 130 could be scanning
laser devices that interact directly with the user’s retinas.

A forward viewing field may be seen concurrently through
lens elements 110 and 112 with projected or displayed images
(such as display images 132 and 134). This is represented in
FIG. 15 by the field of view (FOV) object 136-L in the left
lens element 112 and the same FOV object 136-R in the right
lens element 110. The combination of displayed images and
real objects observed in the FOV may be one aspect of aug-
mented reality, referenced above.

In alternative embodiments, other types of display ele-
ments may also be used. For example, lens elements 110, 112
may include: a transparent or semi-transparent matrix dis-
play, such as an electroluminescent display or a liquid crystal
display; one or more waveguides for delivering an image to
the user’s eyes; and/or other optical elements capable of
delivering an in focus near-to-eye image to the user. A corre-
sponding display driver may be disposed within the frame
elements 104 and 106 for driving such a matrix display.
Alternatively or additionally, a scanning laser device, such as
low-power laser or LED source and accompanying scanning
system, can draw a raster display directly onto the retina of
one or more of the user’s eyes. The user can then perceive the
raster display based on the light reaching the retina.

Although not shown in FIGS. 1a and 15, the wearable
system 100 can also include one or more components for
audio output. For example, wearable computing system 100
can be equipped with speaker(s), earphone(s), and/or ear-
phone jack(s). Other possibilities exist as well.

While the wearable computing system 100 of the example
embodiment illustrated in FIGS. 1a and 15 is configured as a
unified package, integrated in the HMD component, other
configurations are possible as well. For example, although not



US 8,179,604 B1

7

explicitly shown in FIGS. 1a and 15, the wearable computing
system 100 could be implemented in a distributed architec-
ture in which all or part of the on-board computing system
118 is configured remotely from the eyeglasses 102. For
example, some or all of the on-board computing system 118
could be made wearable in or on clothing as an accessory,
such as in a garment pocket or on a belt clip. Similarly, other
components depicted in FIGS. 1a and/or 15 as integrated in
the eyeglasses 102 could also be configured remotely from
the HMD component. In such a distributed architecture, cer-
tain components might still be integrated in HMD compo-
nent. For instance, one or more sensors (e.g., an accelerom-
eter and/or an orientation sensor) could be integrated in
eyeglasses 102.

In an example distributed configuration, the HMD compo-
nent (including other integrated components) could commu-
nicate with remote components via the communication inter-
face 126 (or via a dedicated connection, distinct from the
communication interface 126). By way of example, a wired
(e.g. USB or Ethernet) or wireless (e.g., WiFi or Bluetooth)
connection could support communications between a remote
computing system and a HMD component. Additionally,
such a communication link could be implemented between a
HMD component and other remote devices, such as a laptop
computer or a mobile telephone, for instance.

FIG. 2 is a block diagram depicting functional components
of'an example wearable computing system 202 in accordance
with an example embodiment. As shown in FIG. 2, the
example wearable computing system 202 includes one or
more processing units 204, data storage 206, transceivers
212, communication interfaces 214, user input/output (/O)
devices 216, and sensor devices 228, all of which may be
coupled together by a system bus 238 or other communicative
interconnection means. These components may be arranged
to support operation in accordance with an example embodi-
ment of a wearable computing system, such as system 100
shown in FIGS. 1a and 15, or other a wearable HMD.

The one or more processing units 204 could include one or
more general-purpose processors (e.g., INTEL microproces-
sors) and/or one or more special-purpose processors (e.g.,
dedicated digital signal processor, application specific inte-
grated circuit, etc.). In turn, the data storage 206 could include
one or more volatile and/or non-volatile storage components,
such as magnetic or optical memory or disk storage. Data
storage 206 can be integrated in whole or in part with pro-
cessing unit 204, as cache memory or registers for instance.
As further shown, data storage 206 is equipped to hold pro-
gram logic 208 and program data 210.

Program logic 208 could include machine language
instructions (e.g., software code, firmware code, etc.) that
define routines executable by the one or more processing
units 204 to carry out various functions described herein.
Program data 210 could contain data used or manipulated by
one or more applications or programs executable by the one
or more processors. Such data can include, among other
forms of data, program-specific data, user data, input/output
data, sensor data, or other data and information received,
stored, retrieved, transmitted, analyzed, or modified in the
course of execution of one or more programs or applications.

The transceivers 212 and communication interfaces 214
may be configured to support communication between the
wearable computing system 202 and one or more end devices,
such as another wireless communication device (e.g., a cel-
Iular phone or another wearable computing device), a user at
a computer in a communication network, or a server or server
system in a communication network. The transceivers 212
may be coupled with one or more antennas to enable wireless
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communications, for example, as describe above for the wire-
less communication interface 126 shown in FIG. 1a. The
transceivers 212 may also be coupled with one or more and
wireline connectors for wireline communications such as
Ethernet or USB. The transceivers 212 and communication
interfaces 214 could also be used support communications
within a distributed-architecture in which various compo-
nents of the wearable computing system 202 are located
remotely from one another. In this sense, the system bus 238
could include elements and/or segments that support commu-
nication between such distributed components.

As shown, the user 1/O devices 216 include a camera 218,
adisplay 220, a speaker 222, a microphone 224, and a touch-
pad 226. The camera 218 could correspond to the video
camera 120, and include IR detection capability, as described
in the discussion of FIG. 1a above. Additionally or alterna-
tively, the camera 218 could represent both the video camera
120 and a separate IR camera device, also as described above.
Similarly, the display 220 could correspond to an image pro-
cessing and display system for making images viewable to a
user (wearer) of an HMD. The display 220 could include,
among other elements, the first and second projectors 128 and
130 coupled with lens elements 112 and 110, respectively, for
generating image displays as described above for FIG. 15.
The touchpad 226 could correspond to the finger-operable
touch pad 124, as described for FIG. 1a. The speaker 422 and
microphone 224 could similarly correspond to components
referenced in the discussion above of FIGS. 1a and 15. Each
of the user I/O devices 216 could also include a device con-
troller and stored, executable logic instructions, as well as an
interface for communication via the system bus 238.

The sensor devices 228, which could correspond to the
sensor 122 described above for FIG. 1a, include a location
sensor 230, a motion sensor 232, a magnetometer 234, and an
orientation sensor 236. The location sensor 230 could corre-
spond to a Global Positioning System (GPS) device, or other
location-determination device (e.g. mobile phone system tri-
angulation device, etc.). The motion sensor 232 could corre-
spond to an accelerometer or one or more gyroscopes.

The orientation sensor 236 could include a theodolite for
determining an angular orientation of a reference pointing
direction of the HMD with respect to a local terrestrial coor-
dinate system. For instance, the orientation sensor could
determine an altitude angle with respect to horizontal and an
azimuth angle with respect to geographic (or geodetic) North
of'a forward pointing direction of the HMD. Other angles and
coordinate systems could be used as well for determining
orientation.

The magnetometer 234 could be used to determine the
strength and direction of the Earth’s magnetic (geomagnetic)
field as measured at a current location of the HMD. The
magnetometer could be used as a compass, possibly in con-
junction with the orientation sensor for determining the azi-
muth angle.

Each of'the sensor devices 228 could also include a device
controller and stored, executable logic instructions, as well as
an interface for communication via the system bus 238.

It will be appreciated that there can be numerous specific
implementations of a wearable computing system or wear-
able HMD, such as the wearable computing system 202 illus-
trated in FIG. 2. Further, one of skill in the art would under-
stand how to devise and build such an implementation.

b. Example Network

In an example embodiment, an HMD can support commu-
nications with a network and with devices in or communica-
tively connected with a network. Such communications can
include exchange of information between the HMD and
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another device, such as another connected HMD, a mobile
computing device (e.g., mobile phone or smart phone), or a
server. Information exchange can support or be part of ser-
vices and/or applications, including, without limitation,
uploading and/or downloading content (e.g., music, video,
etc.), and client-server communications, among others.

FIG. 3 illustrates one view of a network 300 in which one
or more HMDs could engage in communications. As
depicted, the network 300 includes a data network 302 that is
connected to each of a radio access network (RAN) 304, a
wireless access network 306, and a wired access network 308.
The data network 302 could represent the one or more inter-
connected communication networks, such as or including the
Internet. The radio access network 304 could represent a
service provider’s cellular radio network supporting, for
instance, 3G and/or 4G cellular radio technologies (e.g.,
CDMA, EVDO, GSM, UMTS, LTE, WiMAX). The wireless
access network 306 could represent a residential or hot-spot
wireless area network supporting, such as, Bluetooth, Zig-
Bee, and WiFi (e.g., 802.11a, 802.11b, 802.11g). The wired
access network 308 could represent a residential or commer-
cial local area network supporting, for instance, Ethernet.

The network 300 also includes a server system 310 con-
nected to the data network 302. The server system 310 could
represent a website or other network-based facility for pro-
viding one or another type of service to users. For instance, in
accordance with an example embodiment, the server system
310 could host an online social networking service or web-
site. As another example, the server system 310 could provide
a network-based information search service.

FIG. 3 also shows various end-user and/or client devices
connected to the network 300 via one of the three access
networks. By way of example, an HMD 312 is connected to
the RAN 304 via an air interface 313 (e.g., a 3G or 4G
technology), and an HMD 314 is connected to the RAN 304
via an air interface 315 (e.g., 2 3G or 4G technology). Also by
way of example, an HMD 316 is connected to the wireless
access network 306 via an air interface 317 (e.g., a WiFi
technology). In addition and also by way of example, a
mobile phone 318 is shown connected to the RAN 304 via an
air interface 319, a smart phone 320 is shown connected to the
wireless access network 306 via an air interface 321, and a
laptop computer 322 is shown connected to the wired access
network 308 via a wired interface 323. Each of the end-user
devices could communicate with one or another network-
connected device via its respective connection with the net-
work. It could be possible as well for some of these end-user
devices to communicate directly with each other (or other
end-user devices not shown).

Each of the HMDs 312, 314, and 316 is depicted as being
worn by different user (each user being represented by a
cartoon face) in order to signify possible user-related vari-
ables, circumstances, and applications that may be associated
with each HMD. For instance, the HMD 312 could at one time
upload content to an online social networking service,
whereas the HMD 314 could at the same or another time send
a request to a network-based information search service.
Other examples are possible as well. However, for the pur-
poses of most of the discussion herein it is usually sufficient
to reference only an HMD without referencing the user (or
wearer) the HMD. Explicit reference to or discussion of auser
(or wearer) of an HMD will be made as necessary.

c. Example Server System

A network server, such as the server system 310 in FIG. 3,
could take various forms and be implemented in one or more
different ways. FIGS. 4a and 46 illustrate two example
embodiments of a server system: an integrated system includ-
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ing a representative computing device (FIG. 4a), and a dis-
tributed system (FIG. 4b4) including multiple representative
computing devices, as well as additional system elements,
communicatively connected together.

FIG. 4a is a block diagram of a computing device 400 in
accordance with an example embodiment. The computing
device 400 can include a user interface module 401, a net-
work-communication interface module 402, one or more pro-
cessors 403, and data storage 404, all of which can be linked
together via a system bus, network, or other connection
mechanism 405.

The user interface module 401 can be operable to send data
to and/or receive data from external user input/output devices.
For example, the user interface module 401 can be configured
to send/receive data to/from user input devices such as a
keyboard, akeypad, atouch screen, acomputer mouse, a track
ball, a joystick, and/or other similar devices, now known or
later developed. The user interface module 401 can also be
configured to provide output to user display devices, such as
one or more cathode ray tubes (CRT), liquid crystal displays
(LCD), light emitting diodes (LEDs), displays using digital
light processing (DLP) technology, printers, light bulbs, and/
or other similar devices, now known or later developed. The
user interface module 401 can also be configured to generate
audible output(s), such as a speaker, speaker jack, audio out-
put port, audio output device, earphones, and/or other similar
devices, now known or later developed.

The network-communications interface module 402 can
include one or more wireless interfaces 407 and/or wireline
interfaces 408 that are configurable to communicate via a
network, such as the network 302 shown in FIG. 3. The
wireless interfaces 407 can include one or more wireless
transceivers, such as a Bluetooth transceiver, a Wi-Fi trans-
ceiver perhaps operating in accordance with an IEEE 802.11
standard (e.g., 802.11a, 802.11b, 802.11g), a WiMAX trans-
ceiver perhaps operating in accordance with an IEEE 802.16
standard, and/or other types of wireless transceivers config-
urable to communicate via a wireless network. The wireline
interfaces 408 can include one or more wireline transceivers,
such as an Ethernet transceiver, a Universal Serial Bus (USB)
transceiver, or similar transceiver configurable to communi-
cate via a wire, a twisted pair of wires, a coaxial cable, an
optical link, a fiber-optic link, or other physical connection to
a wireline network.

In some embodiments, the network communications inter-
face module 402 can be configured to provide reliable,
secured, compressed, and/or authenticated communications.
For each communication described herein, information for
ensuring reliable communications (e.g., guaranteed message
delivery) can be provided, perhaps as part of a message
header and/or footer (e.g., packet/message sequencing infor-
mation, encapsulation header(s) and/or footer(s), size/time
information, and transmission verification information such
as cyclic redundancy check (CRC) and/or parity check val-
ues). Communications can be compressed and decompressed
using one or more compression and/or decompression algo-
rithms and/or protocols such as, but not limited to, one or
more lossless data compression algorithms and/or one or
more lossy data compression algorithms. Communications
can be made secure (e.g., be encoded or encrypted) and/or
decrypted/decoded using one or more cryptographic proto-
cols and/or algorithms, such as, but not limited to, DES, AES,
RSA, Diffie-Hellman, and/or DSA. Other cryptographic pro-
tocols and/or algorithms can be used as well or in addition to
those listed herein to secure (and then decrypt/decode) com-
munications.
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The one or more processors 403 can include one or more
general purpose processors and/or one or more special pur-
pose processors (e.g., digital signal processors, application
specific integrated circuits, etc.). The one or more processors
403 can be configured to execute computer-readable program
instructions 406 that are contained in the data storage 404
and/or other instructions as described herein.

The data storage 404 can include one or more computer-
readable storage media that can be read or accessed by at least
one of the processors 403. The one or more computer-read-
able storage media can include volatile and/or non-volatile
storage components, such as optical, magnetic, organic or
other memory or disc storage, which can be integrated in
whole or in part with at least one of the one or more processors
403. In some embodiments, the data storage 404 can be
implemented using a single physical device (e.g., one optical,
magnetic, organic or other memory or disc storage unit),
while in other embodiments, the data storage 404 can be
implemented using two or more physical devices.

Computer-readable storage media associated with data
storage 404 and/or other computer-readable media described
herein can also include non-transitory computer-readable
media such as computer-readable media that stores data for
short periods of time like register memory, processor cache,
and random access memory (RAM). Computer-readable stor-
age media associated with data storage 404 and/or other com-
puter-readable media described herein can also include non-
transitory computer readable media that stores program code
and/or data for longer periods of time, such as secondary or
persistent long term storage, like read only memory (ROM),
optical or magnetic disks, compact-disc read only memory
(CD-ROM), for example. Computer-readable storage media
associated with data storage 404 and/or other computer-read-
able media described herein can also be any other volatile or
non-volatile storage systems. Computer-readable storage
media associated with data storage 404 and/or other com-
puter-readable media described herein can be considered
computer readable storage media for example, or a tangible
storage device.

The data storage 404 can include computer-readable pro-
gram instructions 406 and perhaps additional data. In some
embodiments, the data storage 404 can additionally include
storage required to perform at least part of the herein-de-
scribed techniques, methods, and/or at least part of the func-
tionality of the herein-described devices and networks.

FIG. 4b depicts a network 406 with computing clusters
409a,409b, and 409¢ in accordance with an example embodi-
ment. In FIG. 45, functions of a network server, such as the
server system 310 in FIG. 3, can be distributed among three
computing clusters 409a, 4095, and 408¢. The computing
cluster 4094 can include one or more computing devices
400a, cluster storage arrays 410q, and cluster routers 411a,
connected together by local cluster network 4124. Similarly,
computing cluster 4096 can include one or more computing
devices 4005, cluster storage arrays 4105, and cluster routers
4115, connected together by local cluster network 4124.
Likewise, computing cluster 409¢ can include one or more
computing devices 400¢, cluster storage arrays 410c¢, and
cluster routers 411¢, connected together by a local cluster
network 412c.

In some embodiments, each of computing clusters 409a,
4095, and 409¢ can have an equal number of computing
devices, an equal number of cluster storage arrays, and an
equal number of cluster routers. In other embodiments, how-
ever, some or all of computing clusters 409a, 40956, and 409¢
can have different numbers of computing devices, different
numbers of cluster storage arrays, and/or different numbers of
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cluster routers. The number of computing devices, cluster
storage arrays, and cluster routers in each computing cluster
can depend on the computing task or tasks assigned to each
computing cluster.

Cluster storage arrays 410a, 4105, and 410¢ of computing
clusters 4094, 4095, and 409¢ can be data storage arrays that
include disk array controllers configured to manage read and
write access to groups of hard disk drives. The disk array
controllers, alone or in conjunction with their respective com-
puting devices, can also be configured to manage backup or
redundant copies of the data stored in the cluster storage
arrays to protect against disk drive or other cluster storage
array failures and/or network failures that prevent one or more
computing devices from accessing one or more cluster stor-
age arrays.

The cluster routers 411a, 4115, and 411c¢ in the computing
clusters 409a, 4095, and 409¢ can include networking equip-
ment configured to provide internal and external communi-
cations for the computing clusters. For example, the cluster
routers 411a in the computing cluster 409a can include one or
more internet switching and/or routing devices configured to
provide (i) local area network communications between the
computing devices 400a and the cluster storage arrays 401a
via the local cluster network 412a, and/or (ii) wide area net-
work communications between the computing cluster 409a
and the computing clusters 4095 and 409¢ via the wide area
network connection 413a to the network 406. The cluster
routers 4115 and 411¢ can include network equipment similar
to the cluster routers 411a, and the cluster routers 4115 and
411c¢ can perform similar networking functions for the com-
puting clusters 4095 and 4095 that the cluster routers 411a
perform for the computing cluster 409a.

3. Using a Wearable Marker for Passive Interaction with a
HMD

Example embodiments of a wearable marker for passive
interaction with a HMD may be described in terms of opera-
tion by considering example use of a wearable marker. For
purposes of illustration, a HMD, such as the wearable com-
puting device 100 of FIG. 1, as well as a hand-wearable item
bearing a marker, may be taken as being worn by an example
user. Also for illustrative purposes, the hand-wearable item
may be taken to be a ring. In illustrative operation, the ring
bearing the marker can be used by the example user to facili-
tate passive interaction with the HMD, as described below. It
will be appreciated that other forms of hand-wearable items
bearing markers may also be used for passive interaction.

a. Detection of an IR Marker

In accordance with an example embodiment, a marker on
the hand-wearable item may be detectable in IR radiation, and
is therefore referred to herein as an “IR marker.” In the context
of the present illustrative description, the example user may
be taken as wearing a ring bearing an IR marker.

More particularly, an IR marker may have physical prop-
erties that make it visible in IR radiation to an IR-sensitive
device, such as an IR camera or other IR detector. In further
accordance with the example embodiment, the IR marker
may be detectable via reflected IR radiation. For example, by
illuminating the IR marker with radiation that includes at least
aportion of the IR range of the electromagnetic spectrum, IR
radiation may be reflected from the IR marker; the reflected
IR radiation may then be detectable by the IR camera or other
IR detector. Viewed by an optical detector, such as an optical
camera or a human eye, the reflected IR radiation would be
substantially invisible. As such, the IR marker itself, or at
least those characteristics of the IR marker that may be detect-
able only in IR radiation, would be substantially optically
invisible.
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Also in accordance with the example embodiment, a wear-
able HMD may include and/or be equipped with an IR camera
device that is capable of detecting an IR marker. Again in the
context of the present illustrative description, the example
user may be taken as wearing a HMD with an IR camera
device capable of detecting the IR marker on the ring worn (in
this illustration) by the example user.

An IR camera device may contain components capable of
detecting IR radiation, such as a charge-coupled device
(CCD) with sensitivity in the IR range ofthe electromagnetic
spectrum. In addition, an IR camera device may include opti-
cal elements, such as lenses, for focusing, and electronics for
converting detected IR radiation into a form (or forms) suit-
able for capture, processing, and storage as data, including
capture and processing of IR image data and IR video data. By
way of example, the IR camera device could correspond to the
video camera 120 of the wearable computing device 100 in
FIG. 1 above, wherein the video camera 120 is taken to
include IR detection capabilities. Alternatively, the wearable
HMD could include a separate IR camera device.

In further accordance with the example embodiment, the
wearable HMD could also include and/or be equipped with an
IR illumination source (note that such a configuration is not
necessarily explicitly depicted in the illustrations of the
example wearable computing devices 100 or 202 of FIGS. 1
and 2 above). By way of example, the IR illumination source
could be an IR beam emitter, similar, for instance, to ones
used on TV remote control devices. On the wearable HMD,
the IR beam emitter could produce a forward-directed IR
beam that could spread open (e.g., in a conical fashion) with
distance from the HMD, thereby providing IR illumination in
the region covered by the beam. The IR beam emitter could
thus serve to illuminate the IR marker when the IR marker is
positioned in front of the HMD (i.e., in the FOV of the HMD).
This arrangement could be used to ensure sufficient IR illu-
mination (or augment ambient IR illumination) of the IR
marker, and correspondingly sufficient reflected IR radiation
to be detected by the IR camera device.

In addition, IR beam could be controlled in order to intro-
duce characteristics and properties that could be detected
and/or recognized by the IR camera device in the reflected
radiation. For instance, the beam could be pulsed with a
particular temporal pattern that could then be detected by the
IR camera device. Additionally or alternatively, characteris-
tics of the IR spectrum of the beam could be fashioned to be
recognizable by the IR camera device in the radiation
reflected by the IR marker.

In further accordance with the example embodiment, the
IR marker may take the form of an IR reflective surface
pattern on a hand-wearable item. The pattern could include,
without limitation, one or more alphanumeric characters
(e.g., letters, numbers, etc.), a pattern of lines, a pattern of
shapes, or an image. Once more in the context of the present
illustrative description, the ring worn by the example user
may be taken as bearing an IR reflective surface pattern.

More particularly, an IR reflective surface and/or the sur-
face pattern could be formed from an IR reflective material,
an IR absorptive material, or a combination of both. By way
of example and without limitation, an IR reflective material
could be composed of an IR reflective paint, and an IR absorp-
tive material could be composed of an IR absorptive paint.
The IR reflective surface and/or the surface pattern could be
formed, created, or manufactured in such a manner as to be
visible, detectable, or recognizable in IR light by an IR detec-
tor (such as an IR camera device). For example, the surface
pattern could be a pattern ofhighly IR reflective and highly IR
absorptive regions painted or layered onto a surface of a ring
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(or other hand-wearable item). Additionally or alternatively,
the pattern could include regions of varying degrees of IR
reflectivity and IR absorptivity.

The pattern could be visible to an IR camera (or other IR
detection device) viewing radiation reflected from the sur-
face. However, the pattern would be substantially or totally
invisible as viewed in visible light, for example by a human
eye. The wearable item—including the surface upon which
the IR pattern is layered—could nevertheless be visible in
visible light, at least to the extent that the wearable item is at
any given moment illuminated with visible light. It could also
happen that there is little or no visible illumination at a par-
ticular moment, but still sufficient IR illumination to make the
surface pattern visible in reflected IR radiation to an IR cam-
era (or other IR detection device).

FIG. 5 depicts the context for the illustrative description
above of operation of an example embodiment of a wearable
marker for passive interaction. As shown, an example user
501 is wearing a HMD 502 that includes an IR camera device
504. The example user 501 is also shown to be wearing a ring
506 on his hand, as indicated within the circle 508. In addi-
tion, the ring 506 is depicted as bearing an IR marker. In
accordance with example usage, illuminating radiation 507 is
incident on the ring 506, resulting in reflected IR radiation
509. The source of the illuminating radiation 507 could be
ambient radiation and/or an IR illumination source on the
HMD 502. In this illustration, the reflected radiation 509 is
directed toward and detected by the IR camera device 504. It
will be appreciated that, in practice, some of the IR radiation
reflected by the ring 506 may not be directed toward the
camera device 504, and may therefore go undetected by the
device. However, the reflected IR radiation that is directed
toward the camera device 504, as represented by the reflected
IR radiation 509, may be detected.

A magnified view of the example user’s hand is shown in
the upper right portion of FIG. 5, as indicated by the curved
arrow pointing from the circle 508 and the icon of a magni-
fying glass. In addition to duplicating the illustration of the
illuminating radiation 507 incident on the ring 506 and the
reflected IR radiation 509, the magnified view also more
clearly shows the IR marker to be in the form of an IR
reflective surface pattern. In accordance with the example
embodiment, the IR camera device 504 can detect and/or
image the IR surface pattern via the reflected IR radiation
509.

In further accordance with the example embodiment, the
HMD 502 may process the image of the IR surface pattern, so
as to identify and/or decode the image. More particularly, the
image could be decoded in order to obtain an item identifier of
the ring (or, more generally, a hand-wearable item bearing an
IR marker). For example, the IR reflective pattern could be in
the form of a string of letters, numbers, and/or other alpha-
numeric characters that correspond to an encoded item iden-
tifier. The HMD 502 could decode the character string to
obtain the item identifier.

As another example, the IR reflective pattern could be in
the form a two-dimension shape pattern, such as a “quick
response” (QR) code, which consists of black modules
arranged in a square pattern on a white background. The
information encoded can be text or encoded data, including,
for example, an item identifier. Other forms of a pattern-based
marker could include, without limitation, a bar code or an
image. Upon detecting the QR (or other form of code) in the
IR surface pattern, the HMD 502 could decode the character
string to obtain the item identifier.

An additional or alternative aspect of decoding of the
detected IR surface pattern to obtain an item identifier could
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be based onause of controlled IR illumination source, such as
an IR beam, by the HMD 502. As described above, an IR
beam could be controlled by the wearable HMD 502 in order
to introduce known temporal and/or spectral characteristics
that could be detected and/or recognized by the IR camera
device in the reflected radiation. Including illumination of the
IR marker by such a controlled beam in the decoding scheme
could introduce additional levels of security and/or privacy
into the encode/decoding process and the obtained item iden-
tifier.

After obtaining the item identifier of the ring (or other
wearable item), the HMD 502 could then determine if the
obtained item identifier matches a predetermined identifier
associated with the HMD 502. For example, by matching the
obtained identifier with the predetermined identifier, the
HMD 502 could be able to determine or establish the exist-
ence of an association between the ring 506 and the HMD
502.

Establishing the existence of an association between the
ring 506 and the HMD 502 could signal the HMD 502 to carry
out specific actions based upon detection of the ring 506 (e.g.,
via reflected IR radiation 509). Establishing the existence of
the association between the ring 506 and the HMD 502 could
also enable the HMD 502 to distinguish detection of the ring
506 from detection of a different ring or hand-wearable item
that might also bear a detectable, but different, IR marker. In
the context of the present illustration, for example, establish-
ing the existence of such an association could indicate that
both the HMD 502 and the ring 506 are being worn by the
same example user 501.

In accordance with the example embodiment, specific
actions could be carried out by the HMD 502 upon determin-
ing that item identifier obtained by decoding the surface pat-
tern on the ring 506 (or other hand-wearable item) matches
the predetermined identifier of the HMD 502. Examples of
specific actions that might be carried out by the HMD 502
upon determining that item identifier obtained by decoding
the surface pattern on the ring 506 (or other hand-wearable
item) matches the predetermined identifier of the HMD 502
include, without limitation, executing an authentication or
authorization application that enables and/or permits addi-
tional programs or applications to run on the HMD 502 (e.g.,
onaprocessor of the HMD 502), executing a specific program
or application command triggered by determining the match,
and processing video and/or image data of the detected IR
marker in order to track position and motion of the IR marker.

Additional programs or applications that are enabled and/
or permitted by the authentication or authorization applica-
tion could be ones for which security and/or privacy is
required or desired. Specific commands triggered by deter-
mining the match could invoke applications related to passive
interaction with the wearable IR marker, for example. Track-
ing position and motion of the IR marker could, in particular,
be related to recognition of, and response to, hand gestures, as
described in more detail below.

In further accordance with the example embodiment, the
example specific actions described above, as well as others,
could also be triggered or invoked based on identifying the
decoded obtained item identifier, or some portion thereof,
directly with a predetermined command or function on the
HMD 502. For example, the decoded obtained item identifier
could contain information that is used by the HMD 502 both
to determine a match with a predetermined identifier of the
HMD 502 (e.g. for the purpose of establishing the existence
of an association), as well as to identify a predetermined
command pattern (e.g., an authentication command pattern).
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b. Tracking a Wearable Marker for Gesture Recognition

In accordance with the example embodiment, in response
to determining that the item identifier obtained by decoding
the surface pattern on the ring 506 (or other hand-wearable
item) matches the predetermined identifier of the HMD 502,
the HMD 502 could begin tracking the position and motion of
the of the ring 506 with the IR camera device via reflected IR
radiation (e.g., the reflected IR radiation 509). In the context
of the present illustration, for example, determining the
match could signal that both the HMD 502 and the ring 506
are being worn by the same example user 501, and that track-
ing the position and motion of the of the ring 506 would
correspond to tracking a hand gesture of the example user
501.

In further accordance with the example embodiment, the
tracked position and motion could be measured as a two-
dimensional projection of the ring’s spatial motion in an
image plane of the IR camera device. By way of example, the
image plane could correspond to a CCD array of IR-sensitive
pixels. In this configuration, a projection of the motion of the
IR marker (e.g. on the ring 506) could be detected as a track
of motion across the pixels of the two-dimensional array, and
captured as video data, for instance. As just one example, a
spiral motion in three-dimensional space could correspond to
acircle, ellipse, or open loop when project onto a two-dimen-
sional plane perpendicular to the axis of the spiral. Other
three-dimensional trajectories could have more or less com-
plicated two-dimensional projections.

The track of motion of the wearable marker across the
image plane of the IR camera device could be captured and/or
measured by the HMD 502 to generate a quantitative descrip-
tion or record of the in-plane motion. For instance, the motion
observed in-plane motion could be rendered as a sequence of
pixel locations. Alternatively, the motion observed in-plane
motion could be rendered as in the form of a mathematical
function. Other quantitative descriptions could be generated
as well. The quantitative description could then be compared
with a library or list of hand gestures, also represented in a
similar, quantitative form, and stored in one or another form
of memory of the HMD 502 (or other wearable computing
device). Such a comparison could thereby be used to identify
a hand gesture corresponding to the observed motion of the
ring 506.

In accordance with the example embodiment, each hand
gesture of a library of hand gestures could be stored in a data
structure record including a gesture identifier (e.g., a name or
description) and an associated a sequence of pixel locations
(or other form of quantitative description). The hand gesture
library could include a collection of such records, each con-
taining a different hand gesture and associated pixel-location
sequence. Upon determination of a track of motion for
observed motion of an IR marker on a wearable item (e.g., the
ring 506), the HMD 502 could do a table look-up or other
form of search in the hand gesture library in order to identify
a closest match with one of the stored pixel sequences. In this
way, the observed motion could be identified with a known,
stored gesture identifier. The identified hand gesture could, in
turn, be used to signal or trigger an associated action or
application on the HMD 502, for example.

Accordingly, by creating and maintaining a library ofhand
gestures on an HMD, each associated with an action, appli-
cation, or an aspect of control thereof, for example, tracking
the position and motion of a wearable marker by an IR camera
device of the HMD can be used to enable passive interaction
with the HMD (or other wearable computing device). More-
over, the larger the library of hand gestures, the more expan-
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sive the scope of control via passive interaction available to a
user of an HMD using a wearable marker.

In accordance with the example embodiment, a library of
hand gestures could be created by generating each hand ges-
ture through a “learning” or recording process. More particu-
larly, a wearable HMD could be placed into a recording mode
during which a wearable IR marker is moved in a desired
pattern of motion in the FOV of the IR camera device. The
tracked motion in the image plane of the IR camera could
thereby be recorded as a pre-defined pixel sequence, and an
associated gesture identifier could be assigned. The wearable
HMD could then exit the recording mode. The newly-re-
corded pixel sequence and the assigned gesture identifier
could thus be stored as an entry in the gesture library. This
process could be repeated to increase the inventory of hand
gestures in the library. Thereafter, the recorded hand gestures
could be available for passive interaction as described above.

Additionally or alternatively, the hand gesture library
could be created externally to the wearable HMD, and loaded
during system configuration or manufacture, for example.

In further accordance with the example embodiment, the
tracked position and motion could be measured as a three-
dimensional trajectory of the three-dimensional spatial
motion of a wearable marker by combining information from
each image plane of two or more IR cameras. For example, an
IR device having two IR cameras separated by a baseline
could be used to triangulate the distance between each IR
camera and the wearable marker (e.g., the ring 506) at dis-
crete and/or continuous phases of motion of the wearable
marker in the respective FOVs of the two IR cameras.

FIG. 6 illustrates the principles of triangulation with two IR
cameras. The top portion of the figure, labeled “(a),” shows an
example HMD 602 having two IR cameras 604-1 and 604-2
situated at opposite ends of a lens frame, both pointing toward
a forward FOV of the HMD 602. A distance S separates the
two IR cameras, as indicated. This separation distance is
referred to as a baseline. Also shown in the top portion (a) of
the FIG. 6 is a ring 606 in the forward FOV of the HMD 602.
As indicated by a respective arrow pointing from the ring 602
to each of the IR cameras 604-1 and 604-2, the ring 602 is
located, by way of example, at a distance D, from the IR
camera 604-1, and at a distance D, from the IR camera 604-2.
As also indicated, the baseline S subtends an angle o at the
example distances D, and D,. Given S, a, and a respective
line-of-sight direction from each IR camera to the ring 606,
the values of D, and D, can be computed from elementary
trigonometry. Accordingly, a spatial location of the ring 606
with respect to the HMD 602 can be determined by triangu-
lation.

Determination of a respective line-of-sight direction from
each IR camera to the ring 606 is illustrated in the bottom
portion of FIG. 6. In this portion of the figure (labeled “(b)”),
the HMD 602 and the IR cameras 604-1 and 604-2 are
replaced with two planes 608-1 and 608-2 representing
respective image planes of the IR cameras 604-1 and 604-2.
For purposes of illustration, a local rectangular reference
frame is shown for each of the planes: axes X, andy, lie in the
plane 608-1, with axis z, normal to the plane 608-1; axes x,
and y, lie in the plane 608-2, with axis z, normal to the plane
608-2. By way of example, the origin of each reference sys-
tem is located at the center of the respective image plane
(608-1 or 608-2), and the baseline S is taken to be the distance
between the two origins.

The distance between the ring 606 and the origin of image
plane 608-1 is taken to be D,, and the distance between the
ring 606 and the origin of image plane 608-2 is takento be D,,
as indicated. Again, the angle subtended by the baseline S is
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taken to be a. As shown, the lines D, D,, and baseline S form
a triangle, the plane of which is displayed in gray. In the
present illustrative example, the line-of-sight direction from
the origin of the image plane 608-1 to the ring 606 is mea-
sured as the angle 3, between D, and the 7z, axis. Note that the
angle 8, does not necessarily line in the plane of the gray
triangle. Similarly, the line-of-sight direction from the origin
of the image plane 608-2 to the ring 606 is measured as the
angle {3, between D, and the z, axis. Again, the angle {3, does
not necessarily line in the plane of the gray triangle.

The baseline S may be taken as fixed by the geometry of the
HMD 602, and more particularly by the placement of the IR
cameras 604-1 and 604-2 on the HMD 602. The angles {3, and
[, can be determined in variety of ways. For example, the
particular pixels in a given image frame at which an image of
the ring 606 (or other object) is detected can be used to
measure an offset from a reference pixel (e.g., at an origin).
This, in turn, can be used to compute a line-of-sight angle to
the ring 606. Other algorithms can be used to determine the
line-of-sight angles as well. Once the angles are determined,
the distances D, and D,, as well as the angle o can be com-
puted from elementary trigonometry, as noted above.

By determining the spatial location of the ring 606 with
respect to the HMD 602 continuously and/or at discrete inter-
vals during the course of motion of the ring 606 in the FOV of
the HMD 602, the observed motion can be measured quanti-
tatively as a spatial trajectory. Triangulation, as described by
way of example above, is one way to do this.

FIG. 7 illustrates an example of three-dimensional spatial
tracking of a ring 706 with an IR marker by a wearable HMD
702. By way of example, the HMD 702 is depicted as being
worn by an example user 701. The HMD 702 has two IR
cameras 704-1 and 704-2 situated at opposite ends of a lens
frame, both pointing toward a forward FOV of the HMD 702.

The ring 706 is shown at two positions of path 710, which
may be taken in this illustration as a three-dimensional tra-
jectory of the motion of ring 706. At the first position (labeled
“(a)”), the ring 706 is illuminated with IR radiation 707,
which is reflected as reflected IR 709-1 directed towards the
IR camera 704-1, and as reflected IR 709-2 directed towards
the IR camera 704-2. The spatial location of the ring 706 at the
first position (a) can be determined by triangulation, for
example, as described above. At the second position (labeled
“(b)”), the ring 706 is illuminated with IR radiation 711,
which is reflected as reflected IR 713-1 directed towards the
IR camera 704-1, and as reflected IR 713-2 directed towards
the IR camera 704-2. The spatial location of the ring 706 at the
second position (b) again can be determined by triangulation.
Similar measurements of the spatial location of the ring 706
as it traverses from the first position to the second can be used
to determine the path 710.

In a manner similar to that described above for matching
the projected, two-dimensional track of a wearable marker in
a single image plane with a predetermined, two-dimensional
hand gesture, a three-dimensional trajectory of a wearable
marker, determined by triangulation (as illustrated in FIG. 7,
for example) can be matched against stored, predetermined
trajectories associated with known gestures. The principles of
matching three-dimensional trajectories can be the same as
(or substantially similar to) those described above for the
two-dimensional approach. Namely, a library of three-dimen-
sional trajectories may be generated and stored in one or
another form of memory of a wearable HMD. Upon deter-
mining a measured spatial trajectory of a wearable marker
(e.g., the ring 706) in the forward FOV of the HMD (e.g., the
HMD 702), the HMD can use a table look-up to make a match
and thereby determine a gesture identifier. The gesture iden-
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tifier could be associated with an action, application, or an
aspect of control thereof, thus enabling passive interaction
with the HMD (or other wearable computing device) via
tracking of the wearable marker.

Tracking the motion of a wearable marker in three dimen-
sions could introduce an increased level of detail and/or
nuance in the range or scope of the utility and/or number of
gestures that can support passive interaction. For example,
motion of a wearable marker measured along the line-of-sight
from the HMD could be used to supplement motion measured
in the plane of the forward FOV, and thereby modify the
interpreted meaning of a recognized gesture.

In further accordance with the example embodiment, the
wearable marker could include multiple wearable-marker
elements, each bearing a respective IR marker component. By
way of example and without limitation, multiple-element
wearable markers could include multiple rings, artificial fin-
gernails, and fingernail decals. FIG. 8 illustrates examples of
each, in the form of hand-wearable marker elements. The
figure is arranged in two columns, one (column (a)) showing
the example hand-wearable markers as viewed by an optical
sensor or detector (e.g., an optical camera or a human eye),
and the other (column (b)) showing the same hand-wearable
markers, but as viewed by an IR sensor or detector (e.g., an IR
camera device).

More particularly, example 802-a depicts hand-wearable
markers in the form of rings worn the fingers of a hand and
viewed in visible light, for example by a human eye. Eachring
is shown without a pattern or adornment, representing the
invisibility to an optical detector (e.g., a human eye) of the IR
marker on each ring. Example 802-5 shows the same example
rings on the same hand, but as viewed by an IR sensor or
detector (e.g., an IR camera device). As illustrated by way of
example, in the IR-sensitive view (b), each ring is seen to bear
a marker.

Similarly, example 804-a depicts hand-wearable markers
in the form of artificial fingernails worn the fingers of a hand
and viewed in visible light, for example by a human eye. Each
artificial fingernail is shown without a pattern or adornment,
representing the invisibility to an optical detector (e.g., a
human eye) of the IR marker on each artificial fingernail.
Example 804-b shows the same example artificial fingernails
on the same hand, but as viewed by an IR sensor or detector
(e.g., an IR camera device). As illustrated by way of example,
in the IR-sensitive view (b), each artificial fingernail is seen to
bear a marker.

As the third example of markers, example 806-a depicts
hand-wearable markers in the form of fingernail decals worn
the fingernails of a hand and viewed in visible light, for
example by a human eye. Each fingernail decal is shown
without a pattern or adornment, representing the invisibility
to an optical detector (e.g., a human eye) of the IR marker on
each fingernail decal. Example 806-6 shows the same
example fingernail decals on the same hand, but as viewed by
an IR sensor or detector (e.g., an IR camera device). As
illustrated by way of example, in the IR-sensitive view (b),
each fingernail decal is seen to bear a marker.

Using multiple wearable-marker elements, as in examples
of FIG. 8, could introduce an increased level of detail and/or
nuance in the range or scope of the utility and/or number of
gestures that can support passive interaction. For example,
each ring of the example 802-a,b could convey a different
meaning in a gesture. A similar description could apply to the
examples 804-a,b and 806-a,b. Further, the motions of the
different wearable-marker elements could be combined in
multiple ways to convey multiple, different gestures. For
instance, holding up two particular marked fingernails of a
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hand could signify a different gesture from that of holding
two different marked fingernails, or from holding up a differ-
ent number (e.g., one, three, or four) of fingernails. These
examples are illustrative, and not intended to be limiting.

In further accordance with the example embodiment, a
wearable marker or multiple-element marker could take the
form of a fashionable or stylish adornment. The wearable
markers of FIG. 8 provide just a few examples. Rendering the
marker itself invisible to an optical detector (such as a human
eye) could further enhance the fashionable or stylish aspects
of the markers, imbuing them with marketable value beyond
the functional properties and roles described above.

4. Example Method

The example embodiments for using a wearable marker for
passive interaction described above in operational terms of
can be implemented as a method on a wearable HMD. An
example embodiment of such a method is described below.

FIG. 9 is a flowchart illustrating an example embodiment
of a method in a wearable computing system, such as a
wearable HMD, for using a wearable marker for passive
interaction. The illustrated steps of the flowchart could be
implemented in the wearable head-mounted display as
executable instructions stored in one or another form of
memory, and executed by one or more processors of the
wearable head-mounted display. Examples of a wearable
HMD include the wearable computing system 100 in FIG. 1
and the wearable computing system 202 in FIG. 2. The
executable instructions could also be stored on some form of
non-transitory tangible computer readable storage medium,
such as magnetic or optical disk, or the like, and provided for
transfer to the wearable head-mounted display’s memory
during configuration or other procedure(s) for preparing the
wearable head-mounted display for operation.

As shown, at step 902 infrared (IR) radiation reflected from
an IR reflective surface on a particular hand-wearable item is
detected at a wearable HMD. In accordance with the example
embodiment, the IR reflective surface could be in the form of
a particular surface pattern that is substantially optically
invisible. For example, the particular surface pattern could be
or include a particular number, a particular pattern of lines, a
particular pattern of shapes, or a particular image. Further-
more, the wearable HMD could include or be equipped with
an IR camera device, which could be used to detect the
reflected IR radiation.

At step 904, the wearable HMD decodes the particular
surface pattern from the detected IR radiation to obtain an
item identifier. In accordance with the example embodiment,
this action by the wearable HMD could include recognizing
the particular number, particular pattern of lines, particular
pattern of shapes, or particular image of the particular surface
pattern. The recognized number, line pattern, shape pattern,
or image could correspond to the item identifier, or be used to
determine the item identifier.

Next, at step 906 the wearable HMD determines that the
item identifier matches a predetermined identifier associated
with the wearable HMD. In accordance with the example
embodiment, this matching step signifies to the HMD that
there is an association between the wearable marker itself and
the wearable HMD. By matching the item identifier with the
predetermined identifier, or more particularly, by establishing
the association between the wearable marker itself and the
wearable HMD, the wearable HMD can distinguish the par-
ticular hand-wearable item from a different hand-wearable
item, such as one not associated with the wearable HMD.

Finally, at step 908 the wearable HMD tracks the position
and motion of the hand-wearable item relative to the wearable
HMD in response to having determined the association. In
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accordance with the example embodiment, the wearable
HMD carries out the tracking by measuring position and
motion of the particular surface pattern relative to the wear-
able HMD via the detected IR radiation reflected from the IR
reflective surface.

In further accordance with the example embodiment, the
IR camera device could include two IR cameras (or other IR
detection components) separated by a baseline distance, and
the position and motion of the particular surface pattern rela-
tive to the wearable HMD could be measured by triangulating
a distance between the wearable HMD and the particular
surface pattern using the two IR cameras. For example, the
two IR cameras could correspond to the IR cameras 604-1 and
604-2 on the wearable HMD 602 shown in FIG. 6. In this
example configuration, the baseline distance would be the
linear distance separating the two cameras, corresponding
approximately to the width of the eyeglasses component of
the wearable HMD 604.

Tracking the position and motion of the particular hand-
wearable item may in particular facilitate recognition of hand
gestures. Accordingly, the position and motion of the particu-
lar surface pattern relative to the wearable HMD could be
measured contemporaneously with detection of the IR radia-
tion from the IR reflective surface on the hand-wearable item.
For example, once an association between the wearable
marker and the wearable HMD is established, continued
detection of the reflected IR radiation could include triangu-
lating the distance between the wearable HMD and the par-
ticular surface pattern. Alternatively, detection could be
recorded (e.g., in one or another form of memory of the
wearable HMD), and the measurement (e.g., triangulation)
carried out thereafter. In practice, the time between recording
and measurement could be made sufficiently short as to be
effectively or nearly contemporaneous.

In further accordance with the example embodiment, the
tracked position and motion of the hand-wearable item could
be matched with a pre-determined trajectory in free space,
thereby facilitating recognition of hand gestures. For
example, a catalog or list of pre-determined trajectories could
be stored at the wearable HMD (e.g., in one or another form
of memory). Each stored pre-determined trajectory could be
a table of sequential spatial coordinates (e.g., X, y, and z
values) relative to a reference origin at the wearable HMD.
Matching the tracked position and motion of the hand-wear-
able item with a pre-determined trajectory could then corre-
spond to determining a closest match (e.g. through interpo-
lation or other mathematical algorithm) between a sequence
of measured positions and one of the stored sequences.

Once a match is made, the HMD could invoke an execut-
able command based on the pre-determined trajectory of the
match. For example, each pre-determined trajectory in the
stored catalog or list could have an associated command, also
stored in the catalog or list. Upon making the match between
the measured position and motion of the hand-wearable item
and a particular pre-determined trajectory, the HMD could
invoke the command associated with the particular pre-deter-
mined trajectory.

In addition to invoking a command corresponding to a
hand gesture (e.g., a matched, pre-determined trajectory), the
wearable HMD could invoke one or more commands based
on identifying the decoded surface patterns with pre-deter-
mined patterns respectively associated with executable com-
mands. For example, a catalog or list of executable com-
mands, each having a pre-determined command pattern,
could be stored at the wearable HMD (e.g., in one or another
form of memory). The wearable HMD could match a given

20

25

30

35

40

45

50

55

60

65

22

decoded surface pattern with one of the pre-determined com-
mand patterns, and thereby identify and execute the associ-
ated command.

By way of example, a pre-determined command pattern
could be associated with an authentication function of the
wearable HMD. Upon identification of the decoded particular
surface pattern as a pre-determined authentication pattern
associated with the authentication function, the wearable
HMD could invoke the authentication function, which could
in turn grant permission to carry out or run additional appli-
cations or programs on the wearable HMD. For instance, the
authentication function, invoked in response to recognizing
the decoded particular surface pattern, could serve to autho-
rize the wearable HMD (e.g., a processor of the wearable
HMD) to engage in other applications, including other ges-
ture-based and non-gesture-based commands.

In accordance with the example embodiment, the hand-
wearable item could be a ring, a bracelet, an artificial finger-
nail configured to be affixed to a fingernail, a decal configured
to be affixed to a fingernail, or a glove, among other possible
wearable items (e.g., jewelry, adornments, etc.). The particu-
lar surface pattern could then be painted or layered on the item
using one or another type of IR and/or IR-reflective paint or
marking material. Furthermore, the wearable item could be
created to be commercially and/or aesthetically fashionable
or stylish, so as to reduce or eliminate undesirable, subjective
and/or aesthetic perceptions that could possibly be associated
with the hand-wearable item. In such a form, the hand-wear-
able item could accrue fashion or style value independent
and/or above that in connection with its utility in facilitating
passive interaction.

In further accordance with the example embodiment, the
hand-wearable item could include a plurality of item ele-
ments, whereby the particular surface pattern could take the
form of a corresponding plurality of different pattern compo-
nents. Each of the plurality of item elements could in turn bear
a different one of the plurality of different pattern compo-
nents, and decoding the particular surface pattern could be
accomplished by decoding two or more of the different pat-
tern components. Moreover, IR radiation reflected from the
two or more different pattern components could be detected
concurrently, and decoding the two or more of the different
pattern components could also be carried out concurrently.

In still further accordance with the example embodiment,
the wearable HMD could identify each of the two or more
decoded different pattern components as a respective pre-
determined command pattern associated with a respective
executable command, and responsively invoke each respec-
tive executable command on a processor of the wearable
HMD.

By way of example and in further accordance with the
example embodiment, the plurality of item elements could be
a plurality of fingernail decals, each configured to be affixed
to a fingernail. Additionally or alternatively, at least one of the
plurality of fingernail decals could be an artificial fingernail.
It will be appreciated that other multi-item hand-wearable
items could be devised.

It will be appreciated that the steps shown in FIG. 9 are
meant to illustrate operation of an example embodiment. As
such, various steps could be altered or modified, the ordering
of certain steps could be changed, and additional steps could
be added, while still achieving the overall desired operation.

CONCLUSION

An illustrative embodiment has been described by way of
example herein. Those skilled in the art will understand,
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however, that changes and modifications may be made to this
embodiment without departing from the true scope and spirit
of'the elements, products, and methods to which the embodi-
ment is directed, which is defined by the claims.

What is claimed:
1. A computer-implemented method comprising:
at a wearable head-mounted display (HMD), detecting
infrared (IR) radiation reflected from an IR reflective
surface on a hand-wearable item, the IR reflective sur-
face being in the form of a particular surface pattern and
being substantially optically invisible;
decoding the particular surface pattern from the detected
IR radiation to obtain an item identifier;

determining that the item identifier matches a predeter-
mined identifier associated with the wearable HMD; and

responsive to determining that the item identifier matches
the predetermined identifier, tracking position and
motion of the hand-wearable item relative to the wear-
able HMD by measuring position and motion of the
particular surface pattern relative to the wearable HMD
via the detected IR radiation.

2. The method of claim 1, wherein the hand-wearable item
is one of: a ring, a bracelet, an artificial fingernail configured
to be affixed to a fingernail, a decal configured to be affixed to
a fingernail, and a glove.

3. The method of claim 1, wherein detecting the IR radia-
tion reflected from the IR reflective surface on the hand-
wearable item comprises detecting the IR radiation with an IR
camera device attached to the wearable HMD.

4. The method of claim 3, wherein the IR camera device
comprises two IR detection components separated by a base-
line distance,

and wherein measuring the position and motion of the

particular surface pattern relative to the wearable HMD
comprises triangulating a distance between the wearable
HMD and the particular surface pattern using the two IR
detection components.

5. The method of claim 1, wherein decoding the particular
surface pattern from the detected IR radiation to obtain the
item identifier comprises determining that the particular sur-
face pattern includes at least one of: a particular number, a
particular pattern of lines, a particular pattern of shapes, and
a particular image,

and wherein determining that the item identifier matches

the predetermined identifier associated with the wear-
able HMD comprises distinguishing the hand-wearable
item from a different hand-wearable item.

6. The method of claim 1, wherein measuring the position
and motion of the particular surface pattern relative to the
wearable HMD comprises determining the position and
motion of the particular surface pattern relative to the wear-
able HMD contemporaneously with detecting the IR radia-
tion from the IR reflective surface on the hand-wearable item.

7. The method of claim 1, further comprising:

matching the tracked position and motion of the hand-

wearable item with a pre-determined trajectory in free
space; and

responsively invoking an executable command on a pro-

cessor of the wearable HMD based on the matched pre-
determined trajectory.

8. The method of claim 1, further comprising:

identifying the decoded particular surface pattern as a pre-

determined command pattern associated with an execut-
able command; and

responsively invoking the executable command on a pro-

cessor of the wearable HMD.
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9. The method of claim 1, further comprising:

identifying the decoded particular surface pattern as a pre-
determined authentication pattern associated with an
authentication function of the wearable HMD); and

responsively invoking the authentication function on a pro-
cessor of the wearable HMD in order to grant permission
to execute an executable application on the processor.

10. The method of claim 1, wherein the hand-wearable
item comprises a plurality of item elements and the particular
surface pattern comprises a corresponding plurality of differ-
ent pattern components, each ofthe plurality of item elements
bearing a different one of the plurality of different pattern
components,

wherein decoding the particular surface pattern comprises

decoding two or more of the different pattern compo-
nents,

and wherein the method further comprises:

identifying each of the two or more decoded different

pattern components as a respective pre-determined com-
mand pattern associated with a respective executable
command; and

responsively invoking each respective executable com-

mand on a processor of the wearable HMD.

11. The method of claim 10, wherein detecting the IR
radiation reflected from the IR reflective surface on the hand-
wearable item comprises detecting the two or more different
pattern components concurrently,

and wherein decoding the two or more of the different

pattern components comprises decoding the two or more
of the different pattern components concurrently.

12. The method of claim 10, wherein the plurality of item
elements comprises a plurality of fingernail decals, each con-
figured to be affixed to a fingernail.

13. The method of claim 12, wherein at least one of the
plurality of fingernail decals comprises an artificial finger-
nail.

14. A wearable head-mounted display (HMD) comprising:

means for detecting infrared (IR) radiation reflected from

an IR reflective surface on a hand-wearable item,
wherein the IR reflective surface is in the form of a
particular surface pattern and is substantially optically
invisible;

means for decoding the particular surface pattern from the

detected IR radiation to obtain an item identifier;
means for determining that the item identifier matches a
predetermined identifier associated with the wearable
HMD; and

means for responding to determining that the item identi-
fier matches the predetermined identifier by measuring
position and motion of the particular surface pattern
relative to the wearable HMD via the detected IR radia-
tion, in order to track position and motion of the hand-
wearable item relative to the wearable HMD.

15. The wearable HMD of claim 14, further comprising:

means for matching the tracked position and motion of the

hand-wearable item with a pre-determined trajectory in
free space; and

means for responsively invoking an executable command

on a processor of the wearable HMD based on the
matched pre-determined trajectory.

16. The wearable HMD of claim 14, further comprising:

means for identifying the decoded particular surface pat-

tern as a pre-determined command pattern associated
with an executable command; and

means for responsively invoking the executable command

on a processor of the wearable HMD.
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17. The wearable HMD of claim 14, further comprising:
means for identifying the decoded particular surface pat-
tern as a pre-determined authentication pattern associ-
ated with an authentication function of the wearable
HMD; and

means for responsively invoking the authentication func-
tion on a processor of the wearable HMD in order to
grant permission to execute an executable application on
the processor.

18. The wearable HMD of claim 14, wherein the hand-
wearable item comprises a plurality of item elements and the
particular surface pattern comprises a corresponding plurality
of different pattern components, and each of the plurality of
item elements bears a different one of the plurality of different
pattern components,

wherein decoding the particular surface pattern comprises

decoding two or more of the different pattern compo-
nents,

and wherein the wearable HMD further comprises:

means for identifying each of the two or more decoded

different pattern components as a respective pre-deter-
mined command pattern associated with a respective
executable command; and

20

26

means for responsively invoking each respective execut-
able command on a processor of the wearable HMD.
19. A nontransitory computer-readable medium having
instructions stored thereon that, upon execution by one or
more processors of a wearable head-mounted display
(HMD), cause the wearable HMD to carry out functions
comprising:
detecting infrared (IR) radiation reflected from an IR
reflective surface on a hand-wearable item, wherein the
IR reflective surface is in the form of a particular surface
pattern and is substantially optically invisible;
decoding the particular surface pattern from the detected
IR radiation to obtain an item identifier;
determining that the item identifier matches a predeter-
mined identifier associated with the wearable HMD; and
responsive to determining that the item identifier matches
the predetermined identifier, tracking position and
motion of the hand-wearable item relative to the wear-
able HMD by measuring position and motion of the
particular surface pattern relative to the wearable HMD
via the detected IR radiation.



