wo 2017/019691 A1 [N I HPF 00O 0 0 0O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2017/019691 A1l

2 February 2017 (02.02.2017) WIPOIPCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
H040Q 9/00 (2006.01) HO04M 1/725 (2006.01) kind of national protection available): AE, AG, AL, AM,
. L . AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(21) International Application Number: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
PCT/US2016/044054 DO, DZ. EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
26 July 2016 (26.07.2016) KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
. MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
(25) Filing Language: English PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
(26) Publication Language: English SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data: . L
14/813,766 30 July 2015 (30072015) Us (84) De51gnated States (unless otherwise indicated, fO}" every
kind of regional protection available): ARIPO (BW, GH,
(71) Applicant: ROKU, INC. [US/US]; 12980 Saratoga Ave., GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
Suite D, Saratoga, California 95070 (US). TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
(72) Inventors: GARNER, Gregory Mack; c/o ROKU, INC., TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
12980 Saratoga Ave., Suite D, Saratoga, California 95070 DK, EE, ES, FL FR, GB, GR, HR, HU, IL, IS, IT, LT, LU,
. . LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
(US). BROUILLETTE, Patrick Alan; c/o ROKU, INC., SM,, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ
12980 Saratoga Ave., Suite D, Saratoga, California 95070 > > > T > > > > >
(US). GW, KM, ML, MR, NE, SN, TD, TG).
(74) Agents: LEE, Michael Q. et al.; Sterne, Kessler, Goldstein Published:

& Fox P.LL.C, 1100 New York Avenue, N.W., Washing-
ton, District of Columbia 20005 (US).

with international search report (Art. 21(3))

(54) Title: MOBILE DEVICE BASED CONTROL DEVICE LOCATOR

Controt device 116-1
Communications Tdemery 212

WMobile Device 118-1
Memaory 252 Comunications 20
- > Component T
Operating 258
25
System
o
28 Location
- «»  Componant
Re_mot_‘ 276
Application
290 Orientation
Acoustic > Componant
information 264
Component
2001 Agoustic 170
S le»  Component
Distanice 2 262
Component %
290-2 le] i Touc;;sspe!a:smve
i = \spiay
(\D\rechon . b Componant
Gomponent 2 580
280-3 =
Visual Haptic
Component > Component
200-4 272
Feedback Motion
Component > Component
290-5 280
Acoustic
Token Processor
Component > Component
2906 254

FiG. 2

Gomponent
210

Operating
Systam
242

Processor
Component

Controt
Application
240
Acoustic
informaticn
Compaonent
240-1

214

Acoustic ¥C
Component
216

Inpuit
Companent
218

Distance
Component
240-2

Oe¢ KautodaRy

Direction
Compuonent
240-3

Tok
Component
240-4

(57) Abstract: Disclosed herein are system, apparatus, article of manutacture, method, and/or computer program product embodi-
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MOBILE DEVICE BASED CONTROL DEVICE LOCATOR

BACKGROUND

FIELD

[0001] This disclosure is generally directed to locating a control device using a mobile
device. More particularly, this disclosure relates to mobile device based control device

locators.

BACKGROUND

[0002] Consumer electronics such as, for example, high definition audio and/or video
play back devices, typically provide a remote control to enable a user to operate, select,
and/or playback available audio and/or video content on a display connected to the high
definition audio and/or video playback device. However, due to the inconspicuous nature
of remote controls, consumers or users of a high definition audio and/or video play back
device will often not remember or misplace where they may have physically placed the
remote control after several hours of non-use. This problem may be further exacerbated
when several users share the use of the high definition audio and/or video play back
device and each user may not physically place the remote control in a prominent location
for each other to use. Consequently, it may be difficult for the consumers or users to
locate the remote control. Accordingly, it would be desirable to provide improved

techniques for providing a mobile device based control device locator.

SUMMARY

[0003] Provided herein are system, apparatus, article of manufacture, method and/or
computer program product embodiments, and/or combinations and sub-combinations
thereof, for providing a mobile device based control device locator.

[0004] An embodiment includes a computer implemented method for a mobile device
based control device locator. The method may operate by receiving a request to locate a

control device; transmitting acoustic token transmission information to the control device
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to activate an electroacoustic transducer on the control device; receiving an acoustic
signal including an acoustic token signal from the control device via a plurality of
acoustic sensors operatively coupled to the at least one processor;, and determining
distance information of the control device based on the received acoustic token signal
generated by the electroacoustic transducer of the control device.

[0005] Another embodiment includes a system for mobile device based control device
locator. The system may include at least one processor and a memory coupled to the at
least one processor and configured to receive a request input to locate a control device,
transmit acoustic token transmission information to the control device to activate an
electroacoustic transducer on the control device, receive an acoustic signal including an
acoustic token signal from the control device via a plurality of acoustic sensors, and
determine distance information of the control device based on the received acoustic token
signal generated by the electroacoustic transducer of the control device.

[0006] A further embodiment includes a tangible computer-readable device having
instructions stored thereon that, when executed by at least one computing device, causes
the at least one computing device to perform operations. The operations may include
receiving a request to determine distance information and direction information;
transmitting acoustic token transmission information to a mobile device to activate an
electroacoustic transducer on the control device; receiving an acoustic signal including an
acoustic token signal from the mobile device via a plurality of acoustic sensors; and
determining the distance information of the mobile device based on the received acoustic

token signal generated by the electroacoustic transducer of the mobile device.

BRIEF DESCRIPTION OF THE FIGURES

[0007] The accompanying drawings are incorporated herein and form a part of the
specification.
[0008] FIG. 1 illustrates a block diagram of a control device location system configured

according to an example embodiment.

[0009] FIG. 2 illustrates components of a mobile device and control device according to
an example embodiment.

[0010] FIGS. 3A-B illustrate interactions between the mobile device and control device

according to example embodiments.
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[0011] FIGS. 4A-B illustrate control device location initiation user interface (UI) view
and control device location Ul view according to example embodiments.
[0012] FIGS. 5A-B illustrate processing operations between the mobile device and

control device according to example embodiments.

[0013] FIG. 6 illustrates an example computer system useful for implementing various
embodiments.
[0014] Like reference numerals refer to corresponding parts throughout the several views

of the drawings. Additionally, generally, the left-most digit(s) of a reference number
identifies the drawing in which the reference number first appears. Furthermore, one or
more designators to the right of a reference number such as, for example, “a” and “b” and
“c” and other similar designators are intended to be variables representing any positive
integer. Thus, for example, if an implementation sets a value for a = 4, then a complete

set of elements 104-a may include elements 114-1, 114-2, 114-3, and 114-4.

DETAILED DESCRIPTION

[0015] FIG. 1 illustrates a block diagram according to an embodiment of a control device
location system 100. In particular, the control device location system 100 may include
one or more interface systems 110-a, a platform server device 120, and one or more
content source systems 130-b. In an embodiment, the interface systems 110-a may
include, without limitation, a display devices 112-a (e.g. a monitor, television, a
projector, etc.), a media devices 114-a (e.g. streaming devices, multimedia devices,
audio/video playback devices, etc.), control devices 116-a, and/or mobile devices 118-a.

[0016] In an embodiment, the media devices 114-a may be integrated with, operatively
coupled to, and/or connected to their respective display devices 112-a, control device
116-a, and/or network 150. The media devices 150 may be configured to communicate
with their respective display devices 112-a and network 150. In various embodiments,
the network 150 may include, without limitation, a computer and/or telecommunications
network which may enable coupled and/or interconnected systems and/or devices to
communicate information between and among each other. In various embodiments, the
network 150 may include, without limitation, intranet, extranet, Internet, and/or any other

local, regional, global telecommunications network.
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[0017]

[0018]

[0019]

-4 -

In an embodiment, the platform server device 120 may include, without limitation,
a platform datastore 122 and a platform application 124. The platform datastore 122 may
be configured to store platform information which may include, without limitation,
network locations and content descriptions of content source systems 130-b,
hardware/software capabilities of different firmware versions and specifications of the
media devices 114-a, customer information associated with each media devices 114-a,
and user interface (UI) information associated with the media devices 114-a. The stored
customer information may include, without limitation, demographic information,
geographic information, internet service provider (ISP) identification information,
financial information, and/or any other information that may be associated with customers
or users of the media devices 114-a,. In an embodiment, platform server device 120 may
enable access to the content stored in the one or more content source systems 130-5.

In an embodiment, the platform server device 120 may generate customized Ul
information for one or more of the media devices 114-a. The generated customized Ul
information may include content such as, for example, audio, visual, and/or gaming
content for selection by the consumers or users of the one or more media devices 114-a
utilizing, for example, respective control devices 116-a and/or mobile devices 118-a. The
platform server device 120 may be further configured to provide the generated Ul
information to respective media devices 114-a for graphical and/or aural presentation via
the respective display devices 114-a and/or mobile devices 118-a, which may enable a
consumers or users to select and/or access content from the content source systems 130-5.

In an embodiment, the platform server device 120 may be configured to receive
command information from media devices 114-a and may process the command
information through the platform server application 124. The command information
received from the media devices 114-a may include, without limitation, navigation
commands and/or selection commands which may represent selection of content, search
for content, and/or an ongoing interaction with an application executing on the platform
server device 120. In an embodiment, the media devices 114-a may be configured to
acoustically, graphically, and/or visually present user interfaces and/or content on
respective display devices 112-a. For example, the media device 114-1 may be

configured to acoustically, graphically, and/or visually present content on the display
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device 112-1 sourced from media device 114-1, the platform server device 120, the one or
more content source systems 130-b, or any combination thereof.

[0020] Additionally or alternatively, the media device 114-1 may be configured to
provide the one or more user interface (UI) views and/or Ul elements and associated
acoustic information to display device 112-1 for acoustical, graphical, and/or visual
presentation, where the Ul views, Ul elements, and/or associated acoustic information
may be generated by the platform server device 120, the one or more content source
systems 130-b, or the media device 114-1.

[0021] In an embodiment, the control devices 116-a may be configured to communicate
user input information with the respective media devices 114-a and may optionally
include a touch screen display (not shown), audio input and/or output circuitry. For
example, the control device 116-1 may be configured to utilize one or more wireless
communication protocols and/or standards, which may include, without limitation,
infrared (IR) protocols and/or standards, radio frequency (RF) protocols and/or standards,
and/or Bluetooth protocol and/or standard to communicate with the media device 114-1
and/or mobile device 118-1. In an embodiment, the control device 116-1 may be further
configured to enable a consumer or user of media device 114-a to navigate and/or make
user selections from the Ul views presented on the display device 112-1.

[0022] Additionally or alternatively, the control device 116-1 itself may be configured to
present at least a portion of the Ul views on a touch screen display (not shown) connected
and/or integrated with the control device 116-1 to enable a consumer or user of media
device 114-1 to navigate, select, or otherwise interact with various content as previously
discussed. Examples of control devices 116-a may include, without limitation, remote
controls.

[0023] In an embodiment, the mobile devices 118-a may also be configured to
communicate user input information with respective media devices 114-a. For example,
the mobile device 118-1 may be configured to utilize the one or more wireless
communication protocols and/or standards and include a touch screen display as
discussed with respect to control devices 116-a to enable the consumer or user of the
media device 114-1 to navigate and/or make user selections from the Ul views presented

on the display device 112-1 and/or the touch screen display integrated with and/or
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connected to the mobile device 118-1. Examples of mobile devices 118-a may include,
without limitation, mobile phones, smart phones, tablets, and/or mobile computers.

[0024] In an embodiment, the content source systems 130-b may include content server
devices 132-b and associated content datastore 134-b. In one embodiment, the network
address and/or path of particular content stored within the content datastores 134-b may
be maintained within the platform server device 120. In another embodiment, the network
location of the content source systems 130-b is maintained and stored within the platform
server device 120 while the specific locations of corresponding content are managed
locally by the content source systems 130-b. In yet another embodiment, the network
location and/or path of the content source systems 130 is embedded within the UI
elements representative of selectable and/or viewable content displayed via the media
devices 114-a and/or display devices 112-a, such that interaction with the Ul elements
through the media devices 114-a allows the selectable and/or viewable content located
within the content source systems 130-b to be accessible to the media devices 114-a.

[0025] In an embodiment, the content stored within the content datastores 134-b may
include music, video, multimedia, still pictures, text, graphics, gaming applications, and
the like. In another embodiment, the particular content which is stored within the content
datastores 134-b may be requested and provided to the media devices 114-a through the
network 150.

[0026] By way of example, the media device 114-1 may communicate with platform
server device 120 to request specific content for acoustic, graphic, and/or visual
presentation on display device 112-1. If the requested content is audio/video content, the
platform server device 120 may request the specific content from the one or more
respective content source systems 130-b (e.g., content source system 130-1, etc.) via
network 150, receive at least a portion of the specific content, and transmit or stream the
at least a portion of the specific content to the media device 114-1 via network 150.

[0027] In addition to or alternative to the above example, the platform server device 120
may provide one or more network addresses and/or paths of the respective content source
systems 130-b (e.g., content source system 130-1, etc.) to the media device 114-1, and the
media device 114-1 may subsequently directly request the specific content from the one
or more respective content source systems 130-b (e.g., content source system 130-1, etc.),

and receive at least a portion of the specific content transmitted or streamed by the one or
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more respective content source systems 130-b to the media device 114-1 via network 150
for acoustic, graphic, and/or visual presentation on display device 112-1.

[0028] FIG. 2 illustrates a block diagram of an embodiment of the mobile device 118-1
and the control device 116-1 communicatively coupled to each other via respective
communication component 258 and communication component 210.

[0029] In an embodiment, the mobile device 118-1 may be generally arranged to provide
mobile computing and/or mobile communications and may include, but is not limited to,
memory 252, processor component 254, communications component 258, acoustic
input/output component 262, touch sensitive display component 282, haptic component
272, location component 276, motion component 280, and orientation component 264,
where each of the components and memory 252 may be operatively connected via
interconnect 256.

[0030] In an embodiment, the processor component 254 may be generally arranged to
execute instruction information including one or more instructions. In an embodiment, the
processor component 254 may be a mobile processor component or system-on-chip (SoC)
processor component which may comprise, among other elements, processor circuit,
which may include, but is not limited to, at least one set of electronic circuits arranged to
execute one or more instructions. Examples of processor components 254 may include,
but is not limited to, Qualcomm® Snapdragon®, Nvidia® Tegra®, Intel® Atom®,
Samsung® Exynos, Apple® A7®, Apple® A8®, or any other type of mobile processor(s)
arranged to execute the instruction information including the one or more instructions
stored in memory 252.

[0031] In an embodiment, the memory 252 may be generally arranged to store
information in volatile and/or nonvolatile memory, which may include, but is not limited
to, read-only memory (ROM), random-access memory (RAM), dynamic RAM (DRAM),
Double-Data-Rate DRAM (DDRAM), synchronous DRAM (SDRAM), static RAM
(SRAM), programmable ROM (PROM), erasable programmable ROM (EPROM),
electrically erasable programmable ROM (EEPROM) flash memory, polymer memory
such as ferroelectric polymer memory, ovonic memory, phase change or ferroelectric
memory, silicon-oxide-nitride-oxide-silicon (SONOS) memory, solid state memory
devices (e.g., USB memory, solid state drives SSD, etc.), and/or any other type of storage

media configured for storing information.
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[0032] In an embodiment, the communications component 258 may be generally
arranged to enable the mobile device 118-1 to communicate, directly and/or indirectly,
with control device 116-1, media device 114-1, platform server device 120, and/or
content source systems 130-5. The communications component 258 may include, among
other elements, a radio frequency circuit 160 configured for encoding and/or decoding
information and receiving and/or transmitting the encoded information as radio signals in
frequencies consistent with the one or more wireless communications standards (e.g.,
Wireless IEEE 802.11, WiMAX IEEE 802.16, Global Systems for Mobile
Communications (GSM), Enhanced Data Rates for GSM Evolution (EDGE), Long Term
Evolution (LTE), Bluetooth standards, Near Field Communications (NFC) standards,
etc.).

[0033] In an embodiment, the acoustic input/output (I/O) component 262 may be
generally arranged for converting sound, vibrations, or any other mechanical waves
received by the mobile device 118-1 into digital or electronic signals representative of
acoustic input information utilizing one or more acoustic sensors 262-1-¢ (e.g,
microphones, etc.), which may be located or positioned on or within the housing, case, or
enclosure of the mobile device 118-1 to form an microphone array. The acoustic
input/output (I/O) component 262 may be configured to provide acoustic input
information for each of the one or more acoustic sensors 262-1-c. Additionally, the
acoustic I/O component 262 may be further arranged to receive acoustic output
information and convert the received acoustic output information into electronic signals
to output sound, vibrations, or any other mechanical waves utilizing the one or more
electroacoustic transducers 262-2-c¢ (e.g., speakers, etc.).

[0034] In an embodiment, the touch sensitive display component 282 may be generally
arranged to receive and present visual display information, and provide touch input
information based on detected touch based or contact based input. Moreover, the touch
sensitive display component 282 may include, among other elements, display device (e.g.,
liquid-crystal display, light-emitting diode display, organic light-emitting diode display,
etc.) for presenting the visual display information and touch sensor(s) (e.g., resistive
touch sensor, capacitive touch sensor, etc.) associated with the display device 268 to
detect and/or receive touch or contact based input information via associated with the

display device 268. Additionally, the touch sensor(s) may be integrated with the surface
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of the display device, so that a user’s touch or contact input may substantially correspond
to the presented visual display information on the display device.

[0035] In an embodiment, the haptic component 272 may be generally arranged to
provide tactile feedback with varying strength and/or frequency with respect to time
through the housing, case, or enclosure of the mobile device 118-1. Moreover, the haptic
component 272 may include, among other elements, a vibration circuit (e.g., an
oscillating motor, vibrating motor, etc.) arranged to receive haptic output information and
convert the received haptic output information to mechanical vibrations representative of
tactile feedback.

[0036] In an embodiment, the location component 276 may be generally arranged to
receive positioning signals representative of positioning information and provide location
information (e.g., approximate physical location of the current mobile device 118-1)
determined based at least partially on the received positioning information. Moreover, the
location component 276 may include, among other elements, positioning circuit (e.g., a
global positioning system (GPS) receiver, etc.) arranged to determine the physical
location of the mobile device 118-1. In some embodiments, the location component 276
may be further arranged to communicate and/or interface with the communications
component 258 in order to provide greater accuracy and/or faster determination of the
location information.

[0037] In an embodiment, the motion component 280 may be generally arranged to detect
motion of the mobile device 118-1 in one or more axes. The motion component 280 may
include, among other elements, motion sensor (e.g., accelerometer, etc.) to convert
physical motions applied to or exerted on the mobile device 118-1 into motion
information.

[0038] In an embodiment, the orientation component 264 may be generally arranged to
detect magnetic fields for measuring the strength of magnetic fields surrounding the
mobile device 118-1. The orientation component 264 may include, among other elements,
magnetic sensor (e.g., magnetometer, magnetoresistive permalloy sensor, etc.) to convert
magnetic field applied to or exerted on the mobile device 118-1 into orientation
information.

[0039] In an embodiment, the memory may include instruction information arranged for

execution by the processor component 254. In that embodiment, the instruction
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information may be representative of at least one operating system 288, one or more
applications, which may include, but is not limited to, remote application 290.

[0040] In an embodiment, the operating system 288 may include, without limitation,
mobile operating systems (e.g., Apple®, 10S®, Google® Android®, HP® WebOS®,
Microsoft® Windows Phone®, Microsoft® Windows®, etc.) general arranged to manage
hardware resources (e.g., one or more components of the mobile device 118-1) and/or
software resources (e.g., one or more applications of the mobile device 118-1).

[0041] In an embodiment the remote application 290 may be generally arranged to
provide user input information to the media device 114-1 based on received touch input
information and assisting a user of the control device 116-1 in determining the
approximate physical location of the control device 116-1. The remote application 290
may include, without limitation, an acoustic information component 290-1, a distance
component 290-2, a direction component 290-3, a visual component 290-4, a feedback
component 290-5, and/or an acoustic token component 290-6.

[0042] In an embodiment, the remote application 290 may be configured to request to
establish a direct connection 202 with the control device 116-1, in response to receiving
touch input information from the touch sensitive display component 282 indicating a
request by the user to initiate the location of the control device 116-1. For example, the
remote application 290 may be configured to request to establish a direct wireless
connection utilizing one or more Bluetooth standards, Wi-Fi standards (e.g., Wi-Fi Direct,
Wi-Fi Peer-to Peer (P2P), etc.), and/or NFC standards, where no intermediary devices
(e.g., media device 114-1, platform server device 120, network devices (access points,
routers, etc.), network 150, etc.) are present in the connection between the mobile device
118-1 and the control device 116-1.

[0043] Alternatively, the remote application 290 may also be configured to request to
establish an indirect connection 204 with the control device 116-1, in response to
receiving touch input information to initiate the location of the control device 116-1. For
example, the remote application 290 may be configured to establish an indirect wireless
connection utilizing one or more wireless communication standards (e.g., cellular
standards, Wi-Fi standards, etc.), where at least one intermediary device (e.g., media

device 114-1, platform server device 120, network devices (access points, routers, etc.),
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network 150, etc.) is present in the connection between mobile device 118-1 and control
device 116-1.

[0044] After establishing a direct or indirect connection with control device 116-1, the
remote application 290 may be configured to operate in at least a first mode and/or a
second mode. During the first mode, the remote application 290 may be configured to
request the acoustic information component 290-1, distance component 290-2, and/or the
direction component 290-3 to begin determining network and computation delay
information, acoustic delay information, distance information, and/or control device
direction information, in response to receiving touch input information to initiate the
location of the control device 116-1.

[0045] In an embodiment and during the first mode, the acoustic token component 290-6
may be configured to generate and/or provide acoustic token transmission information in
response to a request for acoustic token transmission information. The acoustic token
transmission information may include, without limitation, waveform information (e.g.,
square wave, sinusoidal wave, saw tooth wave, etc.), frequency information (e.g., 10 kHz,
15 kHz, etc.), phase shift information (e.g., O degrees, 45 degrees, 90 degrees, etc.),
power information (e.g., 500 mW, 1 W, 5 W, 10 W, etc.), duration information (e.g.,
250ms, 500 ms, 1 second, etc.), or any combination thereof.

[0046] In an embodiment and during the first mode, the acoustic information component
290-1 may be configured to determine various approximate delays between the control
device 116-1 and the mobile device 118-1, in response to a request from the remote
application 290 to determine network and computation delay information and acoustic
delay information. To determine the various approximate delays between the mobile
device 118-1 and the control device 116-1, in an embodiment, the acoustic information
component 290-1 may be configured to determine network and computation delay
information and acoustic delay information for at least one acoustic sensor of the acoustic
I/O component 262.

[0047] To determine the network and computation delay information and acoustic delay
information during the first mode, in an embodiment, the acoustic information component
290-1 may be configured to request an acoustic token component 290-6 to generate
acoustic token transmission information. The acoustic information component 290-1 may

be further configured to transmit the generated acoustic token transmission information to
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the control device 116-1 via the established indirect or direct wireless connection, receive
acknowledgement information from the control device 116-1 via the established indirect
or direct wireless connection.

[0048] By way of example, the acoustic token component 290-6 may generate and/or
provide acoustic token transmission information to the acoustic information component
290-1, which may include, without limitation, waveform information (e.g., sinusoidal
wave), frequency information (e.g., 10 kHz), phase shift information (e.g., O degrees),
power information (e.g., 2 W), and/or duration information (e.g., 1 second). The acoustic
information component 290-1 may then transmit, via the established direct or indirect
network connection, the generated acoustic token transmission information to the acoustic
information component 240-1 of the control device 116-1 in order for the control device
116-1 to generate, for example, a 10 kHz sinusoidal acoustic tone with O degree phase, at
2 watts for 1 second. In response, the acoustic information component 290-1 may receive
control device acknowledgement information from the control device 116-1 via the same
established direct or indirect network connection.

[0049] Substantially simultaneous or contemporaneous (e.g., within 100 microseconds,
10 microseconds, 1 microsecond, etc.) to the transmission of the acoustic token
transmission information during the first mode, the acoustic information component 290-
1 may also be configured to reset and initiate a high resolution timer (e.g., within 1
microsecond resolution, 100 nanoseconds resolution, etc.). Upon receiving the control
device acknowledgement information from the control device 116-1 via the direct or
indirect wireless connection during the first mode, the acoustic information component
290-1 may store a value of the high resolution timer in memory 252. The stored value
may be the round trip network and computation delay, where half of the stored value may
be an estimate of one way network and computation delay and may be represented as the
network and computation delay information. It may be appreciated that the network and
computation delay information may be indicative of the aggregate time required for the
control device 116-1 to: (1) receive the acoustic token transmission information, (2)
process the acoustic token transmission information, (3) generate an acoustic token signal
based on the acoustic token transmission information, and (4) start or begin the emission
of the acoustic token signal by the control device 116-1 via the acoustic I/O component

216.
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[0050] Substantially simultaneous or contemporaneous to the transmission of the
generated acoustic token transmission information (e.g., within 100 nanoseconds, etc.) or
a short period of time before the transmission of the generated acoustic token
transmission information (e.g., 500 milliseconds before, etc.) during the first mode, the
acoustic information component 290-1 may also be configured to continuously receive
acoustic signals from the environment as acoustic input information for one or more
acoustic sensors 262-1-c of the acoustic I/O component 262, where the acoustic signals
may include, among other acoustic signals, the acoustic token signal generated and
emitted by the control device 116-1. It may be appreciated the acoustic information
component 290-1 may buffer or store at least a portion of the acoustic signal (e.g., 250
milliseconds, 500 milliseconds, etc.) and corresponding values of the high resolution
timer as acoustic sensor information in memory 252 for one or more acoustic sensors
262-1-c utilizing the acoustic I/O component 262.

[0051] Upon buffering or storing the acoustic sensor information including the acoustic
token signal generated in accordance with the acoustic token transmission information for
one or more acoustic sensors 262-1-c¢ during the first mode, the acoustic information
component 290-1 may detect and determine the time of when the acoustic token signal
was first received by, for example, correlating and comparing the acoustic sensor
information with the generated acoustic token transmission information, and determining
the time based on the corresponding values of the high resolution timer. For each of the
one or more acoustic sensors 262-1-c, a value associated with the high resolution timer
may be stored based on the detection and determination of the time of when the acoustic
token signal was first received by the mobile device 118-1. It may be appreciated that due
to physical arrangement of one or more acoustic sensors 262-1-¢ in the mobile device
118-1 and the actual location of the control device 116-1 emitting the acoustic token
signal, some of the acoustic sensors of the one or more acoustic sensors 262-1-c¢ may
receive the acoustic token signal at a different time than others acoustic sensors. Thus,
each value may be indicative of the time when the acoustic token signal was first received
by a particular acoustic sensor of one or more acoustic sensors 262-1-¢, which may be
represented as aggregate acoustic delay information.

[0052] In an embodiment and during the first mode, the acoustic information component

290-1 may be further configured to determine the acoustic delay information for each of
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the one or more acoustic sensors 262-1-c, based on the difference between the aggregate
acoustic delay information for each of the one or more acoustic sensors 262-1-c¢ and the
network and computation delay information. In an embodiment and during the first mode,
the acoustic information component 290-1 may be configured to determine sound speed
information representative of the speed of sound based on one or more environmental
factors. The one or more environmental factors may include a temperature, a pressure
(e.g., altitude, etc.), humidity, or any combination thereof near the proximity of the
mobile device 118-1. It may be appreciated the environmental factors may be determined
by the mobile device 118-1 by interfacing with readily available online weather datastores
based on location information provided by the location component 276 of the mobile
device 118-1.

[0053] In an embodiment and during the first mode, based on the acoustic delay
information for at least one acoustic sensor of the one or more acoustic sensors 262-1-c,
and the sound speed information, the distance component 290-2 may be configured to
calculate an approximate distance between the mobile device 118-1 and the control
device 116-1, which may be represented by distance information. Additionally or
alternatively, based on an average of the acoustic delay information for a plurality of
acoustic sensors 262-1-c, and the sound speed information, the distance component 290-2
may be configured to calculate an approximate distance between the mobile device 118-1
and the control device 116-1, which may also be represented by the distance information.

[0054] In addition to or alternative to the determination of distance between the mobile
device 118-1 and the control device 116-1, in an embodiment and during the first mode,
the direction component 290-3 may be configured to determine direction information by
comparing acoustic delay information between at least two acoustic sensors 262-1-¢ to
determine paired acoustic delay information. Additionally or alternatively, the direction
component 290-3 may be configured to utilize time delay estimation techniques to
determine paired acoustic delay information.

[0055] By way of example, the direction component 290-3 may be configured to compare
the stored acoustic signal information for pairs of acoustic sensors 262-1-c to determine
paired acoustic delay information utilizing one or more time delay estimation algorithms,
which may include, without limitation, cross correlation algorithm, generalized cross

correlation algorithm (GCC), phase transform algorithm (PHAT), and the like. It may be
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appreciated that the one or more time delay estimation algorithms may be further
configured to determine paired acoustic delay information utilizing substantially the
acoustic token signal for acoustic signal information of each acoustic sensor.

[0056] In an embodiment and during the first mode, the direction component 290-3 may
be further configured with acoustic sensor arrangement information representative of one
or more algorithms for determining control device direction information and physical
distances and angles between the acoustic sensors 262-1-c. For example, the direction
component 290-3 may be configured to determine the control device direction
information based on the acoustic sensor arrangement information, the sound speed
information, and one or more paired time delay information.

[0057] It may be appreciated that at least one technical advantage that may be realized in
using a specific acoustic token signal generated in accordance with acoustic token
transmission information, is that the determination of distance information and control
device direction information is possible even in noisy environments. Additionally, by
having the control device 116-1 emit a distinct acoustic token signal, a user may also
easily identify and locate the control device 116-1 based on hearing in conjunction with
the information displayed in the control device location UI view 450 on a mobile device
118-1.

[0058] As previously discussed above, in addition to the first mode, the remote
application 290 may also operate in the second mode, which may be in addition to or
alternative to the first mode. During the second mode, the remote application 290 may be
configured to request the control device 116-1 to determine network and computation
delay information, acoustic delay information, distance information, and/or mobile device
direction information, in response to receiving touch input information to initiate the
location of the control device 116-1.

[0059] In an embodiment and during the second mode, the acoustic token component
290-6 may be configured to receive acoustic token transmission information from the
control device 116-1. In response to receiving acoustic token transmission information
from the control device 116-1, the acoustic token component 290-6 may provide acoustic
output information to the acoustic I/O component 262 in order to generate an acoustic
token signal in accordance with the received acoustic token transmission information.

Thus, the acoustic output information may be generated by the acoustic token component



WO 2017/019691 PCT/US2016/044054
-16 -

290-6 based on the received acoustic token transmission information. Substantially
simultaneous or contemporaneous (e.g., within 100 microseconds, 10 microseconds, etc.)
to the providing of the acoustic output information to the acoustic I/O component 262
during the second mode, the acoustic token component 290-6 may also be configured to
provide mobile device acknowledgement information via the established direct and/or
indirect wireless connection to the control device 116-1.

[0060] In an embodiment and during the second mode, the remote application 290 may
be configured to receive the network and computation delay information, acoustic delay
information, distance information, and/or control device direction information from the
control device 116-1, which may be subsequently utilized by the visual component 290-4
for visual presentation and/or feedback component 290-5 for providing haptic and/or
auditory feedback. Additionally or alternatively, the remote application 290 may also be
configured to translate the received mobile device direction information, generated from
the perspective of the control device 116-1 to control device direction information by, for
example, shifting the received mobile device direction information by 180 degrees.

[0061] In an embodiment, the visual component 290-4 may be configured to visually
present one or more Ul views including one or more Ul elements to enable a user to
initiate in the determination of the physical location of a lost control device 116-1. For
example, the visual component 290-4 may be configured to visually present control
device location initiation Ul view 400 of FIG. 4A on the display device of the touch
sensitive display component 282 and receive touch input information from the touch
sensitive display component 282 to initiate the location of the control device 116-1.

[0062] Additionally or alternatively, the visual component 290-4 may also be configured
to visually present and update, in substantially real-time control device location UI view
450. For example, the visual component 290-4 may be configured to visually present, in
substantially real-time, one or more Ul elements of the control device location Ul view
450 based on location information received from location component 276, the motion
information received from acceleration component 280, orientation information from the
orientation component 264, distance information generated by the distance component
290-2 or distance component 240-2, and/or control device direction information
generated by the direction component 290-3 or translated from mobile device direction

information generated by direction component 240-3.
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[0063] In an embodiment, the feedback component 290-5, may be configured to provide
auditory and/or haptic feedback to the user. In an embodiment, the feedback component
290-5 may be configured to generate feedback information based on the distance
information and/or direction information. The feedback information may include, without
limitation, pulse waveform information (e.g., square wave, sinusoidal wave, saw tooth
wave, etc.), pulse frequency information (e.g., 5 kHz, 10 kHz, 15 kHz for each pulse,
etc.), pulse power information (e.g., 500 mW, 1 W, 5 W, 10 W, etc.), pulse duration
information (e.g., 250 ms, 500 ms, 1 second duration for each pulse etc.), and/or pulse
gap information (e.g., 500ms, 1 second, 2 seconds gap between each pulse, etc.).

[0064] In an embodiment, the feedback component 290-5 may generate pulse frequency
information of the feedback information as a function of control device direction
information, where the generated pulse frequency information may be higher (e.g., 8
kHz), when the direction information indicates that the approximate location of the
acoustic token signal and accordingly the control device 116-1 may be directly in front of
the mobile device 118-1. Similarly, the frequency may be lower (e.g., 2 kHz), when the
control device direction information indicates that the approximate location of the
acoustic token signal and accordingly the control device 116-1 may be directly behind of
the mobile device 118-1.

[0065] Additionally or alternatively, the feedback component 290-5 may generate the
pulse gap information and/or the pulse duration information as a function of distance
information, where the generated pulse gap information may be longer (e.g., every 2
second) and pulse duration information may be shorter (e.g., 500 ms), when the distance
information indicates that the approximate location of the acoustic token signal and
accordingly the control device 116-1 is further away from the mobile device 118-1.
Similarly, the pulse gap information may be shorter (e.g., every 250 ms) and pulse
duration information may be longer (e.g., 1 second), when the distance information
indicates that the location of the acoustic token signal and accordingly the control device
116-1 may be very close to the mobile device 118-1.

[0066] In an embodiment, the feedback component 290-5 may be configured to convert
the generated feedback information to acoustic output information and/or haptic output
information, and provide the acoustic output information and/or the haptic output

information to the acoustic I/O component 262 and/or haptic component 272,
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respectively, in order to emit sound and/or mechanical vibrations in accordance with the
generated feedback information.

[0067] In a non-limiting example, when the mobile device 118-1 determines that a
control device 116-1 is directly in front and is also very close to the mobile device 118-1,
the mobile device 118-1 may emit sound with a sinusoidal wave having a frequency of
the 8 kHz for duration of 1 second, and repeating after 250 ms have elapsed. Additionally
or alternatively, mobile device 118-1 may also emit mechanical vibrations with a
sinusoidal wave having a frequency of the 8 kHz for duration of 1 second, and repeating
after 250 ms have elapsed.

[0068] In another non-limiting example, when the mobile device 118-1 determines that
the control device 116-1 is behind and distant to the mobile device 118-1, the mobile
device 118-1 may emit sound with a sinusoidal wave having a frequency of the 2 kHz for
duration of 500 ms, and repeating after 2 seconds have elapsed. Additionally or
alternatively, mobile device 118-1 may also emit mechanical vibrations with a sinusoidal
wave having a frequency of 2 kHz for duration of 500 ms, and repeating after 2 seconds
have elapsed.

[0069] In an embodiment, the control device 116-1 may be generally arranged to
communicate user input information to, for example, the media device 114-1 and may
include, but is not limited to, memory 212, processor component 214, communications
component 210, acoustic input/output component 216, input component 218, where each
of the components and memory 212 may be operatively connected via interconnect 230.

[0070] In an embodiment, the processor component 214 may be generally arranged to
execute instruction information including one or more instructions. In an embodiment, the
processor component 214 may be an embedded processor component or system-on-chip
(SoC) processor component which may comprise, among other elements, processor
circuit, which may include, but is not limited to, at least one set of electronic circuits
arranged to execute one or more instructions. Examples of processor components 214
may include, but is not limited to, Qualcomm® Snapdragon®, Texas Instruments®
OMAP®, or any other type of embedded processor(s) and/or mobile processor(s)
arranged to execute the instruction information including the one or more instructions

stored in memory 212.
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[0071] In an embodiment, the memory 212 may be generally arranged to store
information in volatile and/or nonvolatile memory, which may include, but is not limited
to, one or more example memories discussed above with respect to memory 252 of
mobile device 118-1.

[0072] In an embodiment, the communications component 210 may be generally
arranged to enable the control device 116-1 to communicate, directly and/or indirectly,
with media device 114-1, mobile device 118-1, platform server device 120, and/or
content source systems 130-5. The communications component 210 may include, among
other elements, radio frequency circuit(s) configured for encoding and/or decoding
information and receiving and/or transmitting the encoded information as radio signals in
frequencies consistent with the one or more wireless communications standards (e.g.,
Wireless IEEE 802.11, Bluetooth standards, Near Field Communications (NFC)
standards, etc.). Additionally, the communications component 210 may further include,
among other elements, infrared emitter circuit(s) to communicate directly and/or
indirectly with previously discussed devices and systems.

[0073] In an embodiment, the acoustic I/O component 216 may be generally arranged for
converting sound, vibrations, or any other mechanical waves received into digital or
electronic signals representative of acoustic input information utilizing one or more
acoustic sensors 216-1-e (e.g., microphones, etc.), which may be located or positioned on
or within the housing, case, or enclosure of the control device 116-1 to form an
microphone array. The I/O component 216 may be configured to provide acoustic input
information for each of the one or more acoustic sensors 216-1-e. Additionally, the
acoustic I/O component 216 may be further arranged to receive acoustic output
information and convert the received acoustic output information into electronic signals
to output sound, vibrations, or any other mechanical waves utilizing the one or more
electroacoustic transducers 216-2-f (e.g., speakers, etc.).

[0074] In an embodiment, the input component 218 may be generally arranged to receive
user input(s) via a keypad (not shown) and provide the user input information
representative of user inputs to the media device 114-1. For example, the input
component 218 may receive user input(s) such as key presses on the keypad, generate
user input information based on the key presses, and transmit user input information to

the media device 114-1 via communications component 210.
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[0075] In an embodiment, the memory 212 may include instruction information arranged
for execution by the processor component 214. In that embodiment, the instruction
information may optionally include, among other instruction information, an embedded
operating system 242, and one or more applications, which may include, but is not limited
to, control application 240. The optional embedded operating system 242 may include
operating systems general arranged to manage hardware resources (e.g., one or more
components of the control device 116-1) and/or software resources (e.g., one or more
applications of the control device 116-1).

[0076] In an embodiment, the control application 240 may be generally arranged to
provide input information to the media device 114-1 based on received user input
information. The control application 240 may include, without limitation, acoustic
information component 240-1, distance component 240-2, direction component 240-2,
and/or acoustic token component 240-3. In an embodiment, the control application 240
may be configured to establish a direct or indirect connection with the mobile device 118-
1, the control application 240 may be configured to receive a request from the mobile
device 118-1 to establish a direct or indirect connection as previously discussed with
respect to the mobile device 118-1.

[0077] After establishing a direct or indirect connection with the mobile device 118-1, the
control application 240 may be configured to operate in at least a first mode
corresponding to the first mode of the remote application 290 and/or a second mode
corresponding to the second mode of the remote application 290.

[0078] During the first mode, the control application 240 and in particular, the acoustic
token component 240-4 may be configured to receive acoustic token transmission
information from the mobile device 118-1. In response to receiving the acoustic token
transmission information from the mobile device 118-1, the acoustic token component
240-3 may provide acoustic output information to the acoustic I/O component 216 in
order to generate an acoustic signal in accordance with the received acoustic token
transmission information, where the acoustic output information may be generated by the
acoustic token component 240-4 based on the received acoustic token transmission
information. Substantially simultaneous or contemporaneous (e.g., within 100
microseconds, 10 microseconds, 1 microsecond, etc.) to the providing of acoustic output

information to the acoustic I/O component 216, the acoustic token component 240-4 may
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also be configured to provide control device acknowledgement information via the
established direct and/or indirect wireless connection to the mobile device 118-1.

[0079] During the second mode, the control application 240 may be configured to receive
a request from the mobile device 118-1 to begin the determination of network and
computation delay information, acoustic delay information, distance information, and/or
mobile device direction information. In an embodiment and during the second mode, the
control application 240 may request the acoustic information component 240-1 to
determine network and computation delay information and acoustic delay information.

[0080] In an embodiment and during the second mode, the acoustic information
component 240-1 may be configured to determine various approximate delays between
the control device 116-1 and the mobile device 118-1, in response to a request from the
control application 240 to determine network and computation delay information and
acoustic delay information.

[0081] To determine the various approximate delays between mobile device 118-1 and
the control device 116-1 during the second mode, in an embodiment, the acoustic
information component 290-1 may be configured to determine network and computation
delay information and acoustic delay information for at least one acoustic sensor of the
acoustic input/output (I/0O) component 216.

[0082] To determine the network and computation delay information and acoustic delay
information during the second mode, in an embodiment, the acoustic information
component 240-1 may be configured to request an acoustic token component 240-4 to
generate acoustic token transmission information. The acoustic information component
240-1 may be further configured to transmit the generated acoustic token transmission
information to the mobile device 118-1 via the established indirect or direct wireless
connection, receive mobile device acknowledgement information from the mobile device
118-1 via the established indirect or direct wireless connection.

[0083] In an embodiment and during the second mode, the acoustic token component
240-4 may be configured to generate and/or provide acoustic token transmission
information in response to a request for acoustic token transmission information. The
acoustic token transmission information may contain information similar to those

previously discussed with respect to mobile device 118-1.
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Substantially simultaneous or contemporaneous (e.g., within 100 microseconds,
10 microseconds, 1 microsecond, etc.) to the transmission of the acoustic token
transmission information to the mobile device 118-1 during the second mode, the acoustic
information component 240-1 may also be configured to reset and initiate a high
resolution timer (e.g., within 1 microsecond resolution, 100 nanoseconds resolution, etc.).
Upon receiving the mobile device acknowledgement information from the mobile device
118-1 via the direct or indirect wireless connection during the second mode, the acoustic
information component 240-1 may store a value of the high resolution timer in memory
252. The stored value may be representative of the round trip network and computation
delay, where half of the stored value may be an estimate of one way network and
computation delay and may be represented as the network and computation delay
information. It may be appreciated that the network and computation delay information
may be indicative of the aggregate time required for the mobile device 118-1 to: (1)
receive the acoustic token transmission information, (2) process the acoustic token
transmission information, (3) generate an acoustic token signal based on the acoustic
token transmission information, and (4) start the transmission of the acoustic token signal
by the mobile device 118-1 via the acoustic I/O component 262.

Substantially simultaneous or contemporaneous to the transmission of the
generated acoustic token transmission information (e.g., within 100 nanoseconds, etc.) or
a short period of time before the transmission of the generated acoustic token
transmission information (e.g., 500 millisecond before, etc.), the acoustic information
component 240-1 may also be configured to continuously receive and store acoustic
signals from the environment as acoustic input information for one or more acoustic
sensors 216-1-e¢ of the acoustic /O component 216, where the acoustic signals may
include, among other acoustic signals, the acoustic token signal generated and emitted by
mobile device 118-1. It may be appreciated the acoustic information component 240-1
may receive and buffer or store at least a portion of the acoustic signals (e.g., 250
milliseconds, 500 milliseconds, etc.) and corresponding values of the high resolution
timer as acoustic sensor information in memory 212 for one or more acoustic sensors
216-1-e utilizing the acoustic I/O component 216.

Upon buffering or storing the acoustic sensor information including the acoustic

token signal generated in accordance with the acoustic token transmission information for
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one or more acoustic sensors 216-1-¢ during the second mode, the acoustic information
component 290-1 may detect and determine the time of when the acoustic token signal
was first received by, for example, correlating and comparing the acoustic sensor
information with the generated acoustic token transmission information, and determining
the time based on the corresponding values of the high resolution timer. For each of the
one or more acoustic sensors 216-1-¢, a value associated with the high resolution timer
may be stored based on the detection and determination of the time of when the acoustic
token signal was first received by the control device 116-1. It may be appreciated that due
to physical arrangement of one or more acoustic sensors 216-1-e in the control device
116-1 and the actual location of the mobile device 118-1 emitting the acoustic token
signal, some of the acoustic sensors of the one or more acoustic sensors 216-1-e may
receive the acoustic token signal at a different time than others acoustic sensors. Thus,
each value may be indicative of the time when the acoustic token signal was first received
by a particular acoustic sensor of one or more acoustic sensors 216-1-e, which may be
represented as aggregate acoustic delay information.

[0087] In an embodiment and during the second mode, the acoustic information
component 240-1 may be further configured to determine the acoustic delay information
for each of the one or more acoustic sensors 216-1-¢, based on the difference between the
aggregate acoustic delay information for each of the one or more acoustic sensors 216-1-¢
and the network and computation delay information. In an embodiment, the acoustic
information component 240-1 may be configured to determine sound speed information
representative of the speed of sound based on one or more environmental factors. The one
or more environmental factors may include a temperature, a pressure (e.g., altitude, etc.),
humidity or any combination thereof near the proximity of the control device 116-1. It
may be appreciated the environmental factors may be determined by the control device
116-1 by interfacing with readily available online weather datastores based on geographic
information previously discussed for the user of the media device 114-1. Additionally or
alternatively, the one or more environmental factors may also be preprogrammed.

[0088] In an embodiment and during the second mode, based on the acoustic delay
information for at least one acoustic sensor of the one or more acoustic sensors 216-1-¢,
and the sound speed information, the distance component 240-2 may be configured to

calculate an approximate distance between the mobile device 118-1 and the control
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device 116-1, which may be represented as distance information. Additionally or
alternatively, the distance component 240-2 may be configured to calculate an
approximate distance between the mobile device 118-1 and the control device 116-1
based on an average of the acoustic delay information for a plurality of acoustic sensors
216-1-e and the sound speed information.

[0089] In addition to or alternative to the determination of distance between the mobile
device 118-1 and the control device 116-1 by the control device 116-1 during the second
mode, in an embodiment, the direction component 240-3 may be configured to determine
direction information by comparing acoustic delay information between at least two
acoustic sensors 216-1-e to determine paired acoustic delay information. Additionally or
alternatively, the direction component 240-3 may be configured to utilize time delay
estimation techniques for determining paired acoustic delay information as previously
discussed with respect to direction component 290-3.

[0090] In an embodiment and during the second mode, the direction component 240-3
may be further configured with acoustic sensor arrangement information representative of
one or more algorithms for determining direction information and physical distances and
angles between the acoustic sensors 216-1-e, and determine the mobile device direction
information based on the acoustic sensor arrangement information, the sound speed
information, and one or more paired acoustic delay information.

[0091] After the direction component 240-3 determines the mobile device direction
information during the second mode, the control application 240 may be configured to
transmit acoustic delay information, distance information, and/or mobile device direction
information to the mobile device 118-1 for further processing, visual presentation, and/or
acoustic and/or haptic feedback.

[0092] FIG. 3A illustrates an embodiment of mobile device 118-1 and control device
116-1 operating in the first mode. In an embodiment illustrated in FIG. 3A, the mobile
device 118-1 may include at least two acoustic sensors 262-1-1 and 262-1-2 physically
arranged in the top portion of the mobile device 118-1 and bottom portion of the mobile
device 118-1, respectively. The mobile device 118-1 may transmit acoustic token
transmission information to the control device 116-1 via the established indirect or direct
wireless connection as illustrated by element 312. In response, the control device 116-1

may emit acoustic token signal, which may be received by the mobile device 118-1 as
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illustrated by element 314. The control device 116-1 may also transmit control device
acknowledgement information via the established indirect or direct wireless connection,
which may be received by the mobile device 118-1 as illustrated by element 316.

[0093] FIG. 3B illustrates an embodiment of mobile device 118-1 and control device
116-1 operating in the second mode. In an embodiment illustrated in FIG. 3B, the control
device 116-1 may include at least two acoustic sensors 216-1-1 and 216-1-2 physically
arranged in the top portion of the control device 116-1 and bottom portion of the control
device 116-1, respectively. The mobile device 118-1 may transmit a request to the control
device 116-1 to determine network and computation delay information, mobile device
delay information, distance information, and/or mobile device direction information, via
the established indirect or direct wireless connection, which may be received by the
control device 116-1 as illustrated by element 352. In response, the control device 116-1
may transmit acoustic token transmission information to the mobile device 116-1 via the
established indirect or direct wireless connection, which may be received by the mobile
device 118-1 as illustrated by element 354. In response, the mobile device 118-1 may
emit acoustic token signal, which may be received by the control device 116-1 as
illustrated by element 356. The mobile device 118-1 may also transmit mobile device
acknowledgement information via the established indirect or direct wireless connection,
which may be received by the control device 116-1 as illustrated by element 358. The
control device 116-1 may then transmit network and computation delay information,
acoustic delay information, distance information, and/or mobile device direction
information to the mobile device 118-1, which may be received by the mobile device
118-1 as illustrated by element 360.

[0094] FIG. 4A illustrates a control device location initiation Ul view 400 for visual
presentation on a mobile device 118-1. As illustrated in FIG. 4A, the control device
location initiation Ul view 400 may include a locate control device Ul element 412 and a
back UI element 414. A user may select the control device Ul element 412, for example,
by touching the portion defined by the control device UI element 412 on the display
device of the touch sensitive display component 282. This in turn may provide touch
input information to the remote application 290 and initiate the process to establish a
direct or indirect connection with control device 116-1 and determining network and

computation delay information, acoustic delay information, distance information, and/or
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control device direction information utilizing the first mode and/or second mode. The
user may select the back Ul element 414, to return to using the remote control functions
of the remote application 290.

[0095] FIG. 4B illustrates a control device location Ul view 450, which may be visually
presented on the mobile device 118-1 after user selects the locate control device Ul
element 412. As illustrated in FIG. 4B, the control device location Ul view 450 may
include a text based distance Ul element 462, a text based direction Ul element 464, a
graphical distance and direction UI element 474, a mobile device direction Ul element
468, a path UI element 472, a approximate location Ul element 466, and a back Ul
element 470. The user may select the back UI element 470, to return to the control device
location initiation Ul view 400.

[0096] In an embodiment, the text based distance Ul element 462 may be visually
presented and continuously updated in substantially real-time to indicate the current
distance between the mobile device 118-1 and control device 116-1 based on the
determined distance information. It may be appreciated that the visually presented
distance information may vary by font, size, color, units and/or the like.

[0097] The text based direction Ul element 464 may be visually presented and
continuously updated in substantially real-time to indicate the current approximate
direction with respect to the orientation of the mobile device 118-1, based on the
determined control device direction information. It may be appreciated that the visually
presented distance information may vary by font, size, color, and may visually present the
general direction such as North (N), South (S), East (E), West (W), or combinations
thereof, of the control device 116-1 with respect to the mobile device 118-1. In an
embodiment, the mobile device direction UI element 468 may be visually presented and
continuously updated in substantially real-time to indicate the current heading of the
mobile device 118-1. It may be appreciated that the visually presented current heading,
which may be an arrow pointing to the current heading of the mobile device 118-1, may
vary by size, color, shape, and/or the like. This heading may be synchronized or locked
to the orientation of the mobile device 118-1. Alternatively, the heading may be
determined based on orientation information received from the orientation component

264.
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[0098] In an embodiment, the graphical distance and direction Ul element 474 may be
visually presented and continuously updated in substantially real-time to indicate the
current distance and direction of the control device 116-1 with respect to the current
heading of the mobile device 118-1 based on the control device direction information,
distance information, and/or orientation information. It may be appreciated that the
visually presented current distance and direction of the control device 116-1, which may
be an arrow pointing to an approximate location of the control device 116-1, may vary by
size, color, shape, and/or the like.

[0099] By way of example, the length of the arrow of the distance and direction UI
element 474 may be a function of the distance information, so that the farther the control
device 116-1 is from the mobile device 118-1, the longer the arrow up to a maximum
length. Similarly, the closer the control device 116-1 is from the mobile device 118-1, the
shorter the arrow up to a minimum length.

[0100] In an embodiment, the arrow of the graphical distance and direction Ul element
474 may be visually presented and continuously updated in substantially real-time to
pivot with respect to the mobile device direction Ul element 468 based on the control
device direction information and/or orientation information.

[0101] In an embodiment, the path Ul element 472 may be visually presented and
continuously updated in substantially real-time to indicate the path of travel of the mobile
device 118-1 based on the motion information received from motion component 280 and
location information received from location component 276. It may be appreciated that
the visually presented path may assist users in tracking the location of the control device
116-1 in relation to the approximate physical location(s) or paths the user has already
taken to find the control device 116-1 with the mobile device 118-1.

[0102] In an embodiment, the approximate location Ul element 466 may be visually
presented and continuously updated in substantially real-time to indicate the approximate
location of the control device 116-1 based on the distance information, control device
direction information and orientation information. It may be appreciated that the visually
presented approximate location of the control device 116-1, which may be a circle, may
vary by size, color, and/or the like.

[0103] Provided herein are some of the processing operations that may be performed by

one or more example embodiments. Although some of the processing operations may
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appear to be performed sequentially, it may be appreciated that the processing operations
may not be limited to the order as illustrated and/or described. Additionally, some of the
processing operations may even occur substantially simultaneously or contemporaneously
with respect to other processing operations.

[0104] FIG. 5A illustrates processing operations that may be performed by the processor
component 254 of a mobile device and processor component 214 of a control device with
respect to the first mode.

[0105] With respect to a mobile device, at step 510, mobile device may receive request to
locate control device. For example, mobile device 118-1 may receive request from user to
locate control device 116-1. At step 512, mobile device may establish connection with
control device 512. For example, mobile device 118-1 may request to establish a direct
or indirect wireless connection with the control device 116-1. At step 514, the mobile
device may generate acoustic token transmission information. For example, mobile
device 118-1 may generate acoustic token transmission information, which may include,
without limitation, waveform information, frequency information, phase shift
information, power information, and/or duration information. At step 516, mobile device
may transmit acoustic token information and initiate timer. For example, mobile device
118-1 may transmit acoustic token information to the control device 116-1 and
substantially contemporaneous or simultaneous to the transmission, the mobile device
118-1 may also initialize or reset a high resolution timer.

[0106] At step 518, the mobile device may store acoustic sensor information. For
example, mobile device 118-1 may store or buffer at least a portion of acoustic input
information received from control device 116-1 via acoustic I/O component 262 and
associated values of the high resolution timer as acoustic sensor information for each of
the one or more acoustic sensors 262-1-c. At step 520, the mobile device may determine
aggregate acoustic delay information. For example, mobile device 118-1 may determine
the aggregate acoustic delay information by correlating and comparing the acoustic
sensor information with the generated acoustic token transmission information. At step
522, the mobile device may receive control device acknowledgement information and
store timer. For example, the mobile device 118-1 may receive control device

acknowledgement information transmitted from control device 116-1 and substantially
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contemporaneous or simultaneous to the receipt, the mobile device 118-1 may store the
value of the high resolution timer.

[0107] At step 524, mobile device may determine acoustic delay information. For
example, the mobile device 118-1 may determine acoustic delay information for each of
the one or more acoustic sensors 262-1-c based on the stored value of the high resolution
timer and aggregate acoustic delay information for each of the one or more acoustic
sensors 262-1-c. At step 526, mobile device may determine distance information. For
example, the mobile device 118-1 may determine distance information based at least
partially on acoustic delay information for at least one acoustic sensor of the one or more
acoustic sensors 262-1-c and/or sound speed information.

[0108] At step 526, mobile device may determine direction information. For example, the
mobile device 118-1 may determine control device direction information based at least
partially on the acoustic sensor arrangement information, the sound speed information,
and/or one or more paired time delay information. At step 530, mobile device may update
views. For example, mobile device 118-1 may update, in substantially real-time, the
control device location Ul view 450 and one or more Ul elements in the control device
location UI view 450. At step 532, mobile device may provide feedback. For example,
mobile device 118-1 may provide haptic feedback based at least partially on the distance
information and/or direction information.

[0109] With respect to a control device, at step 534, the control device may establish
connection with mobile device. For example, the control device 116-1 may establish a
direct or indirect connection with mobile device 118-1, in response to the request to
establish a direct or indirect wireless connection by the mobile device 118-1 at step 512.
At step 536, the control device may receive acoustic token transmission information. For
example, control device 116-1 may receive acoustic token transmission information
transmitted by mobile device 118-1 at step 516. At step 538, the control device may
generate acoustic token signal. For example, control device 116-1 may generate and emit
acoustic token signal based on the acoustic token transmission information. At step 540,
control device may transmit control device acknowledgment information. For example,
control device 116-1 may transmit control device acknowledgment information to the
mobile device 118-1 substantially contemporaneous or simultaneous to the generation and

emission of the acoustic token signal.
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[0110] FIG. 5B illustrates processing operations that may be performed by the processor
component 254 of a mobile device and processor component 214 of a control device with
respect to the second mode.

[0111] With respect to a mobile device, at step 510, mobile device may receive request to
locate control device. For example, mobile device 118-1 may receive request from a user
to locate control device 116-1. At step 512, mobile device may establish connection with
control device 512. For example, mobile device 118-1 may request to establish a direct
or indirect wireless connection with the control device 116-1. At step 550, the mobile
device may transmit request to determine information. For example, the mobile device
118-1 may transmit request to control device 116-1 to request the control device 116-1 to
determine network and computation delay information, acoustic delay information,
distance information, and/or mobile device direction information. At step 552, the mobile
device may receive acoustic token transmission information. For example, mobile device
118-1 may receive acoustic token transmission information transmitted by control device
116-1 at step 562. At step 554, the mobile device may generate and emit acoustic token
signal. For example, mobile device 118-1 may generate and emit acoustic token signal
based on the acoustic token transmission information.

[0112] At step 556, the mobile device may transmit mobile device acknowledgement
information. For example, the mobile device 118-1 may transmit the mobile device
acknowledgment information to the control device 116-1. At step 558, the mobile device
may receive distance and/or direction information. For example, the mobile device 118-1
may receive distance information and/or mobile device direction information from the
control device 116-1 transmitted at step 578 and translate the mobile device direction
information to control device direction information. At step 530, mobile device may
update views. For example, mobile device 118-1 may update in substantially real-time the
control device location Ul view 450 and one or more Ul elements in the control device
location UI view 450. At step 532, mobile device may provide feedback. For example,
mobile device 118-1 may provide haptic feedback based at least partially on the distance
information and/or direction information.

[0113] With respect to a control device, at step 534, control device may establish
connection with mobile device. For example, control device 116-1 may establish a direct

or indirect wireless connection with the mobile device 118-1, in response to the request to
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establish a direct or indirect wireless connection by the mobile device 118-1 at step 512.
At step 560, the control device may receive request to determine information. For
example, control device 116-1 may receive request from mobile device 118-1 to
determine network and computation delay information, acoustic delay information,
distance information, and/or mobile device direction information. At step 562, the control
device may generate acoustic token transmission information. For example, control
device 116-1 may generate acoustic token transmission information, which may include,
without limitation, waveform information, frequency information, phase shift
information, power information, and/or duration information. At step 564, control device
may transmit acoustic token information and initiate timer. For example, control device
116-1 may transmit acoustic token information to the mobile device 118-1 and
substantially contemporaneous or simultaneous to the transmission, the control device
116-1 may also initialize or reset a high resolution timer.

[0114] At step 566, the control device may store acoustic sensor information. For
example, control device 116-1 may store or buffer at least a portion of acoustic input
information received from mobile device 118-1 via acoustic /O component 216 and
associated values of the high resolution timer as acoustic sensor information for each of
the one or more acoustic sensors 216-1-e. At step 568, the control device may determine
aggregate acoustic delay information. For example, control device 116-1 may determine
the aggregate acoustic delay information by correlating and comparing the acoustic
sensor information with the generated acoustic token transmission information. At step
570, the control device may receive mobile device acknowledgement information and
store timer. For example, the control device 116-1 may receive mobile device
acknowledgement information from mobile device 118-1 and substantially
contemporaneous or simultaneous to the receipt, the control device 116-1 may store the
value of the high resolution timer.

[0115] At step 572, control device may determine acoustic delay information. For
example, the control device 116-1 may determine acoustic delay information for each of
the one or more acoustic sensors 216-1-e based on the stored value of the high resolution
timer and aggregate acoustic delay information for each of the one or more acoustic
sensors 216-1-e. At step 574, control device may determine distance information. For

example, the control device 116-1 may determine distance information based at least
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partially on acoustic delay information for at least one acoustic sensor of the one or more
acoustic sensors 216-1-e and/or sound speed information.

[0116] At step 576, control device may determine direction information. For example, the
control device 116-1 may determine direction information based at least partially on
acoustic sensor arrangement information, the sound speed information, and/or one or
more paired time delay information. At step 578, control device may transmit distance
and/or direction information. For example, control device 116-1 may transmit distance
information and mobile device direction information to the mobile device 118-1.

[0117] It may be appreciated that by repeatedly performing at least steps 514-532 and
steps 536-540 of FIG. SA and at least steps 550-532 and 560-578 of FIG. 5B in
substantially real-time, a user of the control device location system 100 may quickly and
easily locate the control device 116-1 with the assistance of at least the mobile device
and/or control device of the control device location system 100. It may be further
appreciated that while some of the above example embodiments illustrated in FIGS. 1, 2,
3A-B, 4A-B, and/or 5SA-B may have been described in substantial detail with respect to
mobile device 118-1 and control device 116-1, the example embodiments are not limited
to those contexts and/or devices. As such, the example embodiments may similarly

implemented in some or all mobile devices 118-a and/or control devices 116-a.

EXAMPLE COMPUTER SYSTEM

[0118] Various embodiments and components therein can be implemented, for example,
using one or more well-known computer systems, such as, for example, platform server
device 120, client devices 110-a, mobile devices 118-a, display devices 112-a, and/or
server devices 132-b shown in FIG. 1. Computer system 600 can be any well-known
computer capable of performing the functions described herein. Computer system 600
may also be internal or external to a display device (e.g., display device 112-1, 112-2,
etc.).

[0119] Computer system 600 includes one or more processors (also called central
processing units, or CPUs), such as a processor 604. Processor 604 is connected to a
communication infrastructure or bus 606.

[0120] One or more processors 604 may each be a graphics processing unit (GPU). In an
embodiment, a GPU is a processor that is a specialized electronic circuit designed to

process mathematically intensive applications. The GPU may have a parallel structure
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that is efficient for parallel processing of large blocks of data, such as mathematically
intensive data common to computer graphics applications, images, videos, etc.

[0121] Computer system 600 also includes user input/output device(s) 603, such as
monitors, keyboards, pointing devices, etc., that communicate with communication
infrastructure 606 through user input/output interface(s) 602.

[0122] Computer system 600 also includes a main or primary memory 608, such as
random access memory (RAM). Main memory 608 may include one or more levels of
cache. Main memory 608 has stored therein control logic (i.e., computer software) and/or
data.

[0123] Computer system 600 may also include one or more secondary storage devices or
memory 610. Secondary memory 610 may include, for example, a hard disk drive 612
and/or a removable storage device or drive 614. Removable storage drive 614 may be a
floppy disk drive, a magnetic tape drive, a compact disk drive, an optical storage device,
tape backup device, and/or any other storage device/drive.

[0124] Removable storage drive 614 may interact with a removable storage unit 618.
Removable storage unit 618 includes a computer usable or readable storage device having
stored thereon computer software (control logic) and/or data. Removable storage unit
618 may be a floppy disk, magnetic tape, compact disk, DVD, optical storage disk, and/
any other computer data storage device. Removable storage drive 614 reads from and/or
writes to removable storage unit 618 in a well-known manner.

[0125] According to an exemplary embodiment, secondary memory 610 may include
other means, instrumentalities or other approaches for allowing computer programs
and/or other instructions and/or data to be accessed by computer system 600. Such means,
instrumentalities or other approaches may include, for example, a removable storage unit
622 and an interface 620. Examples of the removable storage unit 622 and the interface
620 may include a program cartridge and cartridge interface (such as that found in video
game devices), a removable memory chip (such as an EPROM or PROM) and associated
socket, a memory stick and USB port, a memory card and associated memory card slot,
and/or any other removable storage unit and associated interface.

[0126] Computer system 600 may further include a communication or network interface
624. Communication interface 624 enables computer system 600 to communicate and

interact with any combination of remote devices, remote networks, remote entities, etc.
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(individually and collectively referenced by reference number 628). For example,
communication interface 624 may allow computer system 600 to communicate with
remote devices 628 over communications path 626, which may be wired and/or wireless,
and which may include any combination of LANs, WAN:Ss, the Internet, etc. Control logic
and/or data may be transmitted to and from computer system 600 via communication path
626.

[0127] In an embodiment, a tangible apparatus or article of manufacture comprising a
tangible computer useable or readable medium having control logic (software) stored
thereon is also referred to herein as a computer program product or program storage
device. This includes, but is not limited to, computer system 600, main memory 608,
secondary memory 610, and removable storage units 618 and 622, as well as tangible
articles of manufacture embodying any combination of the foregoing. Such control logic,
when executed by one or more data processing devices (such as computer system 600),
causes such data processing devices to operate as described herein.

[0128] Based on the teachings contained in this disclosure, it will be apparent to persons
skilled in the relevant art(s) how to make and use embodiments of the invention using
data processing devices, computer systems and/or computer architectures other than that
shown in FIG. 6. In particular, embodiments may operate with software, hardware, and/or

operating system implementations other than those described herein.

CONCLUSION

[0129] It is to be appreciated that the Detailed Description section, and not the Summary
and Abstract sections, is intended to be used to interpret the claims. The Summary and
Abstract sections may set forth one or more but not all exemplary embodiments of the
invention as contemplated by the inventors, and thus, are not intended to limit the
invention or the appended claims in any way.

[0130] While the invention has been described herein with reference to exemplary
embodiments for exemplary fields and applications, it should be understood that the
invention is not limited thereto. Other embodiments and modifications thereto are
possible, and are within the scope and spirit of the invention. For example, and without
limiting the generality of this paragraph, embodiments are not limited to the software,

hardware, firmware, and/or entities illustrated in the figures and/or described herein.
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Further, embodiments (whether or not explicitly described herein) have significant utility
to fields and applications beyond the examples described herein.

[0131] Embodiments have been described herein with the aid of functional building
blocks illustrating the implementation of specified functions and relationships thereof.
The boundaries of these functional building blocks have been arbitrarily defined herein
for the convenience of the description. Alternate boundaries can be defined as long as the
specified functions and relationships (or equivalents thereof) are appropriately performed.
Also, alternative embodiments may perform functional blocks, steps, operations,
methods, etc. using orderings different than those described herein.

[0132] References herein to “one embodiment,” “an embodiment,” “an example
embodiment,” or similar phrases, indicate that the embodiment described may include a
particular feature, structure, or characteristic, but every embodiment may not necessarily
include the particular feature, structure, or characteristic. Moreover, such phrases are not
necessarily referring to the same embodiment. Further, when a particular feature,
structure, or characteristic is described in connection with an embodiment, it would be
within the knowledge of persons skilled in the relevant art(s) to incorporate such feature,
structure, or characteristic into other embodiments whether or not explicitly mentioned or
described herein. Additionally, some embodiments may be described using the expression
“coupled” and “connected” along with their derivatives. These terms are not necessarily
intended as synonyms for each other. For example, some embodiments may be described
using the terms “connected” and/or “coupled” to indicate that two or more elements are in
direct physical or electrical contact with each other. The term “coupled,” however, may
also mean that two or more elements are not in direct contact with each other, but yet still
co-operate or interact with each other.

[0133] The breadth and scope of the invention should not be limited by any of the above-
described exemplary embodiments, but should be defined only in accordance with the

following claims and their equivalents.
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WHAT IS CLAIMED IS:

1. A system comprising:
at least one processor; and
a memory operatively coupled to the at least one processor, the processor
configured to:
receive a request to locate a control device,
transmit acoustic token transmission information to the control device to
activate an electroacoustic transducer on the control device,
receive an acoustic signal including an acoustic token signal from the
control device via a plurality of acoustic sensors operatively coupled to the at least one
processor, and
determine distance information of the control device based on the received

acoustic token signal generated by the electroacoustic transducer of the control device.

2. The system of claim 1, wherein the processor is further to:
visually present distance information of the control device on a display
operatively coupled to the at least one processor, wherein the visually presented distance
information includes a first graphical Ul element to represent the distance of the control

device.

3. The system of claim 1, wherein the processor is further to:
determine direction information of the control device based on the received

acoustic token signal generated by the electroacoustic transducer of the control device.

4. The system of claim 1, wherein the processor is further to:
visually present direction information on a display operatively coupled to the at
least one processor, wherein the visually presented direction information includes a

second graphical Ul element to represent the direction of the control device.

5. The system of claim 1, further comprising:
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a haptic component operatively coupled to the at least one processor, wherein the
at least one processor is further to provide haptic feedback via the haptic component

based on the distance information.

6. The system of claim 1, wherein the acoustic token signal is generated based on the
acoustic token transmission information, and the acoustic token transmission information
comprising at least one of: waveform information, frequency information, phase

information, power information, or any combination thereof.

7. The system of claim 1, wherein the processor is further to:
receive user input to establish a direct wireless connection to the control device,
wherein the acoustic token transmission information is transmitted to the control device

via the direct wireless connection.

8. A computer implemented method, comprising:
receiving a request to locate a control device;
transmitting acoustic token transmission information to the control device to
activate an electroacoustic transducer on the control device;
receiving an acoustic signal including an acoustic token signal from the control
device via a plurality of acoustic sensors; and
determining distance information of the control device based on the received

acoustic token signal generated by the electroacoustic transducer of the control device.

0. The computer implemented method of claim 8, further comprising:
presenting, visually, distance information of the control device on a display,
wherein the visually presented distance information includes a first graphical UI element

to represent the distance of the control device.

10.  The computer implemented method of claim 8, further comprising:
determining direction information of the control device based on the received

acoustic token signal generated by the electroacoustic transducer of the control device.
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14.

15.

16.
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The computer implemented method of claim 8, further comprising:
presenting, visually, direction information of the control device on a display,
wherein the visually presented direction information includes a second graphical UI

element to represent the direction of the control device.

The computer implemented method of claim 8, further comprising:
providing haptic feedback via a haptic component based on the distance

information of the control device.

The computer implemented method of claim 8, wherein the acoustic token signal is
generated based on the acoustic token transmission information, and the acoustic token
transmission information comprising at least one of: waveform information, frequency

information, phase information, power information, or any combination thereof.

The computer implemented method of claim 8, further comprising:
receiving user input to establish an indirect wireless connection to the control
device, wherein the acoustic token transmission information is transmitted to the control

device via the indirect wireless connection.

A tangible computer-readable device having instructions stored thereon that, when
executed by at least one computing device, causes the at least one computing device to
perform operations comprising:

receiving a request to determine distance information and direction information;

transmitting acoustic token transmission information to a mobile device to activate
an electroacoustic transducer on the mobile device;

receiving an acoustic signal including an acoustic token signal from the mobile
device via a plurality of acoustic sensors; and

determining the distance information of the mobile device based on the received

acoustic token signal generated by the electroacoustic transducer of the mobile device.

The computer-readable device of claim 15, the operations further comprising:
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18.

19.

20.
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initiating a high resolution timer substantially contemporaneous with the

transmitting of the acoustic token transmission information.

The computer-readable device of claim 15, the operations further comprising:
storing at least a portion of acoustic sensor information for the plurality of
acoustic sensors and associated values of a high resolution timer as aggregate acoustic

delay information.

The computer-readable device of claim 15, wherein the acoustic token signal is generated
based on the acoustic token transmission information, and the acoustic token transmission
information comprising at least one of: waveform information, frequency information,

phase information, power information, or any combination thereof.

The computer-readable device of claim 15, the operations further comprising:
receiving mobile device acknowledgement information; and
storing a value of a high resolution timer previously initiated with the transmitting

of the acoustic token transmission information.

The computer-readable device of claim 19, the operations further comprising:
determining acoustic delay information for each of the plurality of acoustic
sensors based on the stored value of the high resolution timer and aggregate acoustic

delay information for each of the plurality of acoustic sensors.
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