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CA 02959146 2017-02-23

WO 2016/043880 PCT/US2015/044967

ULTRASONIC LOCATIONING INTERLEAVED WITH ALTERNATE AUDIO FUNCTIONS

BACKGROUND
{0001} A plurality of ultrasonic transmitters that are installed in fixed, known
positions can be used to establish the location of devices that can recetve ultrasonic

signals from these transmitters, such as a mobile device present within a retail, factory,

or warchouse environment, for example. Each oltrasonic transmitter includes an

emiiter {e.g. transducer or speaker) that can transmit ultrasonic energy 19 a short {two

millisecond) burst which can be received by a microphone in the mobile device. For
example, today’s unmodified smart phones have audio bardware and circoitry that is
capable of receiving ultrasonic signals 1n the 20-22 kHz frequency range. In
particular, the use of several ultrasonic transmutters within the enviromment is used to
provide a specific location of a particular device using differential flight time
techniques knowa in the art, including Time Difference of Arrival (TDOA)
techniques, that incorporate triangnlation, trilateration, multilateration, and the like, to
gstablish a location of & mobile device,

{0002] Flight time based ultrasonic locationing systems typically have a very specific
destgn. Typical systems include a specific scheduling control process and
commumcation infrastructure. In particular, the control process is required to time
shice synchronized ultrasonic emitter groups {clusters) such that adjacent clusters
don’t interfere with each other, 1.e. a mobile device does not confuse signals from
different emutters. Hven so, there are significant periods when each ultrasonic emitier
15 idle. it would be benefictal if the ultrasonic emitters could be used for alternative
audio functions in the environment when they are not being used dunag those short
periods for ultrasonic locationing.  However, it should be recognized that these
alternative audio functions could also present imterference while other emitters are
performing their ultrasonic locationing function.

j0603] Accordingly, there is a need for a technique to alleviate the above i1ssues in an
ultrasonic tocationing system co-existing with alternative audio functions without

requiring modifications 1o existing hardware.
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BRIEF DESCRIPTION OF THE FIGURES

{0004] The accompanying figures, where like reference numerals refer to identical or
functionally similar elements throughout the separate views, together with the detailed
description below, are incorporated in and form part of the specification, and serve to
further iflustrate embodiments of concepts that include the claimed invention, and
explain various principles and advantages of those embodiments.

[00605] FIG. 1 15 a block diagram of a system, in accordance with some embodiments
of the present invention.

[0006] FIG. 2 15 a flow diagram illustrating & method, in accordance with some
embodiments of the present invention.

j0007] Skilled artisans will appreciate that elements in the figures are Hlustrated for
simplicity and clarity and have not necessarily been drawn to scale. For example, the
dimensions of some of the elements in the figores may be exaggerated refative to
other elements to help to improve understanding of embodiments of the present
invention,

{0008] The apparatus and method components have been represented where
appropriate by conventional svirbols i the drawings, showing only those specific
details that are pertinent to understanding the embodiments of the present invention so
as not {0 obscure the disclosure with details that will be readily apparent to those of

ordinary skill in the art having the benefit of the description herein.

DETAILED DESCRIPTION
[0009] According to some embodiments of the present invention, a technigue is
described to provide an ultrasonic locationing system co-existing with alternative
audio functions without requiring modifications to existing hardware in the ultrasonic
locationing system or mobile devices. In particular, the present invention determines
interference parameters for each alternate audio function with respect to the ultrasonic
locationing system, and uses these interference parameters to interleave the
locationing and alternative audio function scheduling of the emitters accordingly.

Therefore, the present mvention schedules locationing emitter bursts in cooperation

b
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with alternative audio function in order to avoid collisions and interference so that a
mobile device can hear and respond to ultrasonic locationing signals without conflict
with the alfernative audio functions.

[0010] The device 1o be locationed can include a wide variety of business and
consumer electronic platforms such as cellular radio telephones, mobile stations,
mobile units, mobile nodes, user equipment, subscniber equipment, sabscriber stations,
mobite computers, access terminals, remote terminals, terminal equipment, cordless
handsets, gaming devices, smart phones, personal computers, and personal digital
assistants, and the hike, all referred to herein as a device. Each device comprises g
processor that can be further coupled to a kevpad, a speaker, a microphone, a display,
signal processors, and other features, as are known in the art and therefore not shown
or described 1 detail for the sake of brevity.

{08111 Vartous entities are adapted to support the inventive concepts of the
embodiments of the present invention. Those skilled in the art will recognize that the
drawings herein do not depict all of the equipment necessary for system to operate but
only those system components and logical entities particularly relevant to the
description of embodiments herein. For example, routers, controflers, switches,
access points/ports, and wireless clients can all includes separate communication
mterfaces, transcervers, memories, and the like, all under control of a processor. In
general, components such as processors, controllers, transceivers, and interfaces are
well-known, For example, processing units are knowa 1o comprise basic componeats
such as, but not limited to, microprocessors, microcontrollers, memory cache,
apphication-specific integrated circuits, andfor logic crautry. Such components are
typically adapted to implement algorithms and/or protocols that have been expressed
using high-tevel design languages or descriptions, expressed using computer
instructions, expressed using messaging logic flow diagrams.

{0812} Thus, given an algorithm, a logic flow, a messaging/signaling flow, and/or a
protocol specification, those skilled in the art are aware of the many design and
development techniques available to implement one or more processors that perform
the given logic. Therefore, the entities shown represent a system that has been

adapted, in accordance with the description herein, to implement varions
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embodiments of the present invention. Furthermore, those skilled in the art will
recogmize that aspects of the present tnvention may be implemented in and across
various physical components and none are necessarily hmited to single platform
implementations. For example, the memory and control aspects of the present
invention may be implemented 1n any of the devices listed above or distribated across
stich companents.

[0013] FIG. 1 is a block diagram of a system, 1n accordance with the present
invention. The system is operable for ultrasonic locationing and alternate audio
functions, An ultrasonic transponder such as a prezoelectric speaker or emitter 116
can be implemented within each ultrasonic transmitter 116, Each emitter can send &
short burst 20, 23, 26 of ulirasonic sound (1.2, 19-22 kHz) for a mobile device 100 to
hear within the environment i order 1o establish a location of the mobile device.
Although only three transmitters are represented, it should be realized that many maore
emitters could be deploved within the environment. When it §s not emitting an
ultrasonic burst, each emitter can also provide an alternative audio function by
emitting an audio signal 28 containing information, where the audio signal as defining
heretn can be audible or ultrasonic (i.e. above 20 Hz). The mobile device 100 can
include a transducer such as an existing microphone 106 to receive the bursts 20, 23,
26. 'The mobile device also includes exssting andio circottry to convert the bursts mto
an electrical signal 108, The mobile device also includes an existing processor 192 to
convert and process the signal to determine the timing that each burst is recerved for
establishing the location of the mobile device. The processor can include an amplifier,
filter, analog-to~digital converter, and digital signal processor, as are known in the ant.
The processor 102 can also be coupled (0 a wireless local area network interface 104
for wireless communication with other devices in a communication network,

[06 4] The communication network can include local and wide-area wireless
networks, wired networks, or other IEEE 802,11, IEEE 80215, or Wi-Fi ™ wireluss
commumication systems, including virtual and extended virtual networks. Itis
envisioned that the communication network includes a backend controlier/scheduler
130 that performs scheduling control and provides the locationing engine. The

backend controller can be connected to a network switch 120 which can be wired {e.g.



CA 02959146 2017-02-23

WO 2016/043880 PCT/US2015/044967

an Ethernet interface connection) or wirelessly {e.g. EEE s 802.11 or Wi-Fi'™
connected to the plurality of ultrasonic transmitters 110, and at least one wireless
access point 128 used for communicating with the mobile devices 108

{0015] It should be recognized that the present invention can also be applied to other
wireless communication systems. For example, the description that follows can apply
to one or more communication networks that are IEEE 802 xx-based, emploving
wireless technologies such as IEEE s B02.11, 802,16, or 802.20, modified to
implement embodiments of the present invention. The protocols and messaging
needed to establish such networks are known in the art and will not be presented here
for the sake of brevity.

[0016] In order to provide locatioming ability, using a flight time technique for
example, the present invention utilizes a plurality of ultrasonic transmitters 110 within
the environment sach canrying an emitter 116, For unobtrusiveness and clear
signaling, the transmitters can be affixed {o a ceiling of the environment, where the
pasition of each transmitter is fixed and known by the backend controller 130. In
order to avold interference between ultrasonic bursts, the backend controller
schedules when each transmitter will enit 118 burst, taking info account ultrasonie
flight times, reflections, and reverberations. This will ensure that emitters in nearby
region do not emit therr ultrasonic burst at times when they might colhide at the
mobile device or cause interference.

{0017} The flight tme mformation of each burst received from different transmitters
118 15 used to locate the mobile device. As the location and position of these
transmitters 110 is known and fixed, the different signals received by the mobile
device microphone from each transmitter can be used to locate and track the position
of the mobile device using flight time information using a suitable locationing
technique. For example, the backend controlier can use the tlight time information
from the mobile device of bursts 20, 23, 26 received by the mobile device from
different transmitters to determine the focation of the mobile device. it should be
noted that the radio frequency communications are relatively instantaneous next to the
flight ttime of the ultrasonic signal and therefore the communication fime over Wi-

Fi'™ can be ignored. Using a locationing technique such as tiangulation, tilateration,
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multitateration, and the Hike, along with the flight times, the backend controlier can
determine the location of the mobile device accurately and also track its position
during subsequent bursts from the transmitters. Alternatively, the mobile device
could receive the scheduled emission time for each emitter from the backend
controller, and use this only with its measured timing information of each burst in
order to establish 1ts own location,

[0018] In practice, the mobile device 100 will not know which particidar transmitter
is emitting which ultrasonic burst 20, 23, 26. Therefore, some control over each
emitter must be exercised m order 1o know which emitter 1s transmitting, when it is
transmitting, and which emitter is located at which position. In one embodiment, the
backend controller 130 of the locationing system can communicate over the
communication network in order to direct the different emitfers 116 to emit an
ultrasonic burst at different times such that a mobile device will not receive
overlapping signals from different emitters. This can be accomplished using 1EEE
802.11 polling to initiate each uitrasonic burst. For example, the backend scheduler
can communicate with ultrasonic transmitter 1 o cause it to transmit an ultrasonic
burst at a time reserved for ultrasonic transmyitter 1. Upon receiving the burst, the
device 100 can communicate with the backend controller over the communication
network that it has recetved the burst {along with uming information}, and the
backend controller will then know that the burst came from ultrasonic transnuitter 1
due to the general tume 1t was received by the mobile device.

j0619] During times when the transmitters 110 are not emitting ultrasonic bursts 26,
23, 26, for locationing purposes, the backend controller can direct particular
transmitters {e.g. ultrasonic transmitter 3) to transmit alternate andio information 10 an
audio signal 28, such that a user or other device can act ou the alfernate audio
information. The backend controller is operable to interleave the scheduling of the
altrasonic bursts and alternate audio signals for the transnutters, However, different
alternate audio signals can present difterent risks of 1oterference with the ultrasonic
bursts, and the interleave scheduling will take this into account, in accordance with

the present invention,
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[0028] Therefore, in order to avoid particular interference events between the
nterleaved ultrasonic bursts and audio signals, interference parameters for each
alternate audio function are defined. Specifically, the interference parameters defing
sound pressure level, frequency, reverberation time and timing requirements of each
alternate audio function. For example, the trivial case would be where a particular
alternate audio function presents no interference {e.g. completely different frequency)
with the ultrasonic bursts, allowing the scheduler complete tfreedom to schedule the
alternate function af any time. The more typical case, where there might be at least
some possibility of interference between the ultrasonie bursts and the alternate audio
signal, would require schedule interleaving, wherein the alternate andio signal is only
sent when the transnuntters are not transmitting ultrasonic bursts and the mobile device
will not be receiving these ultrasonic bursts.

[0021] Some power supply/amplifier designs in the controlier 112 do not allow for
continuous operation due to heating or voltage drop restrictions. For example, some
amplifiers for diiving an ultrasonic speaker can only run $% duty cycle at 100 percent
amplitude before the power supply voltage drops to critical levels. Accordingly, with
respect to the present invention, as part of the characterization, each alternate audio
function would have its power profile characterized by the backend controller. Then
the scheduler can interleave each alternate audio function without exceeding any
heating or voltage drop limits of the power profile, while fully servicing all requested
alternate audio functions. Therefore, any duty cycle resirictions of the
amplifiers/power supplies of the transmitiers are accounted for at this scheduling step.
0022} In practice, the backend coniroller can characterize the interference effect of
alternate functions on ultrasonic locationing, in real time, and considering the current
ultrasonic burst scheduling sequence. The backend comtroller can then modify the
scheduler to interleave the alternate andio functions optunizing the time resource,
considering how the alternate audio functions affect ultrasonic locationing, It is
envisioned that i all the alternate aadio function scenarios presented below, existing
hardware is used with suttable firmware or software modifications.

00231 Therefore, in one embodiment, the present invention includes a system for

ultrasonic focationing interleaved with alternate audio functions. The svstem incluades
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a plurality of transmitters 118 operable to emit ultrasonic bursts 20, 23, 26 and
alternate audio signals 28, A backend controlier 130 includes a scheduder operable to
schedule the ultrasonie bursts and alternate audio signals from each transmitter. The
backend controller is operable to characterize an interference effect of defined
interference parameters for each alternate audio signal, with respect to the ultrasonic
bursts. Input supplied from a user 25 to an input or user interface device 24, 27, 104,
106 triggers the backend controller 130 to schedule an alternate audio signal 28
containing information related to the input. The scheduler of the backend controller is
also operable to schedule and modify the scheduled interteaving of the ulirasonic
bursts and alternate audio signals in accordance with the respective interference effect.
A mobile device 100 is operable to receive the ultrasonic bursts 20, 23, 26 for
locationing of the mobile device, while a user 25 or other device 22 that can act on
information in the alternate audio signals 28. The input interface 24, 27, 104, 106 is
at least one of the group of a video camera, a wireless communication interface, a
Radic Frequency Identification reader, and an audio interface, such as microphones at
known locations within the environment,

[0024] The present invention provides a feedback mechanism between the input
interface and the alternate audio functions. In one exampie, the mput interface is a
video camera 24, The camera can be integrated into a user device {e.g. mobile device
1047 or a standalone device in the environment {as shown). In either case the camers
24 can commumicate with the backend controller 138, One type of input to the input
interface is a (hand) gesture 21 that can signal that help is needed, a task is complete,
replenishment of stock 1s needed, ete. The particular gestare can be forwarded to the
backend controller tor visual recognition. Upon recognition, the backend controller
can schedule an alternate audio signal containing mformation tn andible form that
includes directions for the user to take in response to the particular gesture. For

example, it the user gives a gesture that more stock 1s needed, the audible feedback

provided to the user is an acknowledgement that stock recognized by the camera 24 13
needed, or that the user should scan one of the needed items on a barcode reader or
Radio Frequency Identification reader 27 coupled to the backend controller to inform

the controlier of the particular item needing restocking. Optionally, the backend
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controller can note a location of the gesture 21 by the camera 24 where various
functionality and feedback based on the tocation can be provided by the audible
feedback.

[0025] In another example, the input interface 15 again a video camera 24. The
camera can be integrated into a user device {e.g. mobile device 100) or a standalone
device in the environment {as shown). In either case the camera 24 can connmunicate
with the backend controlier 130, One type of input to the input interface 18 a user 28
presenting an object to the camera. An image of the object can be captured and
forwarded to the backend controller for visual recognition. Upon recognition, the
backend controller can schedule an alternate audio signal containing information in
audible form that includes either a price of the object, a quantity of the object in stock,
andfor acknowledgement to replenish the stock of the object. This could potentially
allow customers to interact with the store via their actions and audible feedback. No
mobile device would be needed.

{0026] In another example, the input interface 1s a Radio Frequency Identification
reader 27 that can communicate with the backend controfler 130. One type of input to
the input interface is a user 25 placing an object near the reader to be read by the
reader to determine an identity of the object. The identification of the object can be
forwarded to the backend controller, whereupon the backend controller can schedule
an alternate audio signal containing information in audible form that includes a price
of the object for the user. Optionally, the mput interface also includes the video
camera 24 that provides video to the backend controller so that the backend controlier
can verify that the object being read by the Radio Frequency Identification reader is
being moved by the user. {n this way, a customer could request information, such as a
price check, about the item baing moved about. The price check would be given as
audible feedback in response to the object being moved.

[0027] In another example, the input imterface is again a video camera 24. The
camera can be integrated into a user device {e.g mobile device 100) or a standalone
device in the environment (as shown). In cither case the camera 24 can conmmunicate
with the backend controlier 130, One type of mput to the input interface 15 capturing

an image of an event by the camera. The image of the event is forwarded to the



CA 02959146 2017-02-23

WO 2016/043880 PCT/US2015/044967

backend controtler for visual recognition. Upon recognition, the backend controller
can schedule an alternate audio signal containing information i ultrasonic form to
change a state of a device. For example, the ultrasonie information can be used to
change a price on a display device 22 or shelf label, turn on/off a device 22, etc.
{0628 Along these lines in another example, the input interface i3 again a video
camera 24. The camera can be integrated into a user device {(e.g. mobile device 100)
or a standalone device m the enviromment (as shown). In either case the camera 24
carn comnunicate with the backend controller 130, One type of input to the input
interface ts capturing an iiwage of the user by the camera. The image of the user s
forwarded to the backend controller for facial recognition. If the facial recognition
verifies the user as being authorized, the backend controller can schedule an alternate
audio signal containing information in ulfrasonic form to unlock a device 22 to permit
access for the user. For example, instead of asking a customer to find a store
assoctate to come and unlock a cabinet for them to purchase an ttem, the present
mvention can automatically unlock the cabinet if the customer can be ventfied. In
addition, the camera can accurately track the customer through a point-of-sale to
verify payment has been made.

[0029] In another example, the input interface is a sensor, and wherein the inpat is an
alert provided by the sensor, which is forwarded to the backend controller, whereupon
the backend controller can schedule an alternate andio signal containing the alert
information to the user 28 or other device 22. For example, the alternate audio signal
can be an ultrasonic signal sent to low-cost tags or maobile computers as an alarm or
notification to alert store associates or store secunity of an event without requinng a
separate radio. The event could include a security alert, fire, burglary, ete.

[0030] In another example, the input interface 1s an audio wterface 106 1 the mobile
device 100 able to detect a Doppler shift in an ultrasonic burst 26, which would
indicate motion of the mabile device, and wherein the input is an indication that the
muobile device 13 moving, which 15 forwarded to the backend controller, whereupon
the backend controllier can schedule an alternate andio signal for improved motion
detection. For example, 1t may be possible to use an ultrasonic burst 26 tor at least

part of the motion detection function, i.e. a timed reflection from a nearby object can

38
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establish that an object is close. To determine if an object is moving, a longer puise
may be needed to obtain an accurate Doppler measurement of the pulse. Therefore an
atternate audio signal could be a longer (i.e. greater than fwo millisecond) ultrasonic
puise 28 containing improved Doppler information over the ultrasonic burst, where
the longer pulse could provide better motion detection performance.

{0031] In another example, the input interface 1s a timer, and wherein the input 1s an
alert provided by expiry of the timer, whereupon the backend controller can schedule
an alternate audio signal containing an wltrasonic signal to generate loud noise. This
can be used as a pest deterrent by generating a loud ultrasonic noise (e.g. 200W at 20
kHz, 116d8 sound pressure fevel). Due to transmitter devices 110 that utilize the
ultrasonic locationing system being warm and providing cover, pests such as birds,
rodents, insects, and the Iike may be mclined to congregate on and in these devices.

In this example, the ultrasonic frequency and sensitivity of that frequency will annoy
animals from populating devices and therefore help in preventing damage from such
animals, as well as extending the time between maintenance on such devices.

{6032] In another example, the input interface s an audio interface 106 able to detect
noise in the environment, and wherein the input is a noise level, which is forwarded to
the backend controlier to determine a location of the noise (corresponding to the
location of the mobile device) and whether the notse level 18 more than a normal noise
level at that location, whereupon the backend controller can schedule an alternate
audio signal containing information to direct associates to that location. This could be
nsed to detect high noise levels due to high traffic areas in a retail store and direct
store associates to these areas for customer assistance.

{0633 In another example, the input interface 15 an audio interface able to detect
noise in the environment, and wherem the input 15 a noise level, which 1s forwarded to
the backend controlier to determine if the noise level is more than a threshold,
whereupon the backend controller can schedule an alternate audio signal containing
emergency information for people withio the environment. This could be used to
trigger a high notse event indicating an emergency and direct store personnel and

customer to tollow emergency procedures.
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[0034] FIG. 2 is a diagram ilustrating a method for ultrasonic locationing interteaved
with alternate audio functions, according to some embodiments of the present
mvention.

[0035] A first step 200 includes providing a plurality of transmitters operable to emit
ultrasonic bursts and audio signals that include either audible or ultrasonic
information.

[0036] A next step 202 includes defining interference parameters for each alternate
audio signal.

{00371 A next step 204 includes charactenizing an interference effect of the defined
mterference parameters for each alternate audio signal with respect to the ultrasonic
bursts.

{0038] A next step 206 includes supplving input to trigger scheduling of an alterate
audio signal containing information related to the input.

{0839] A next step 208 includes scheduling interteaving of the ultrasonic bursts and
alternate audio signals from each transmitter in accordance with the respective
interference effect.

[0040] A next step 210 includes recetving the ultrasonic bursts for focationing of a
mobile device.

{00411 Another step 212 includes acting on information in the alternate audio signals.
[0042] In the foregoing specification, specific embodiments have been described.
However, one of ordinary skill in the art appreciates that vanous modifications and
changes can be made without departing from the scope of the invention as set forth in
the claims below. Accordingly, the specification and figures are to be regarded i an
ilustrative rather than a restrictive sense, and all such modifications are intended to be
included within the scope of present teachings.

[0043] The benefits, advantages, solutions to problems, and any element{s) that may
cause any benefit, advantage, or solution to occur or become more pronounced are not
to be construed as a critical, required, or essential features or elements of any or all

the claims. The invention is defined solely by the appended claims including any
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amendments made during the peadency of this application and all equivalents of thoss
clatms as issued,

{0644] Moreover in this document, relational terms such as first and second, top and
bottom, and the like mayv be used solely to distinguish one entity or action from
another entity or action without necessarily requiring or implying any actual such
relationship or order between such entities or actions. The terms "comprises,”
"comprising,” “has”, “having” “includes”, "including” “contains”, “containing” or
any other variation thereof, are intended to cover a non-exclusive inclusion, such that
a process, method, article, or apparatus that comprises, has, includes, contains a Hist of
etements does not include only those elements but may include other elements not
expressly listed or inherent to such process, method, article, or apparatus. An element
proceeded by “comprises .27, “has ...a”, “includes .. a”, “contains ...a" does not,
withowt morve constraints, preclude the existence of additional identical elements in
the process, method, article, or apparatus that comprises, has, includes, contains the
etement. The terms “a” and “an™ are defined as one or more unless explicitly stated
otherwise herein. The terms “substantially”, “essentially”, “approximately”, “about”™
or any other version thereof, are defined as being close to as understood by one of
ordinary skill 1o the art, and in one non-himiting embodiment the term 1s defined to be
within 10%, 1 another embodiment within 5%, in another embodiment within 1%
and in another embodiment within 0.5%. The term “coupled” as used herein is
defined as connected, although not necessanly directly and not necessarily
mechanically. A device or structure that is “configured” in a certain way is
configured in at least that way, but may also be configured in ways that are not listed.
[0045] It will be appreciated that some embodiments may be comprised of one or
more generic or specialized processors (or “processing devices™) such as
microprocessors, digital signal processors, customized processors and field
programmable gate arrays (FPGAs) and umique stored program mnstructions {including
both software and firmware) that control the one or more processors to implement, in
comunction with certain non-processor circuits, some, most, or all of the functions of
the method andfor apparatos described herein. Alternatively, some or all functions

could be implemented by a state machine that has no stored program instructions, or
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in one or more application specific integrated circuits {ASICs), in which gach function
or some combinations of certain of the functions are implemented as custom fogic.

Of course, a combination of the two approaches could be used.

{0046] Moreover, an embodiment can be implemented as a computer-readable storage
medium having computer readable code stored thereon for programming a computer
{e.g., comprising a processor) to perform a method as described and claimed heren.
Examples of such computer-readable storage mediums mclode, but are not limited to,
a hard disk, a CD-ROM, an optical storage device, a magnetic storage device, a ROM
{Read Only Memory), a PROM (Programmable Read Only Memory), an EPROM
{Erasable Programmable Read Only Memory), an EEPROM (Electrically Erasable
Progranumable Read Ounly Memory) and a Flash memory. Further, it is expected that
one of ordinary skifl, notwithstanding possibly sigmficant effort and many design
chotces motivated by, For example, available time, current technolony, and economic
considerations, when guided by the concepts and principles disclosed herein will be
readily capable of generating such software instructions and programs and 1Cs with
minimal expenmentation.

{0047] The Abstract is provided 1o allow the reader to quickly ascertain the nature of
the technical disclosure. It is submitted with the understanding that 1t will not be used
to interpret or Hmit the scope or meaning of the claims. In addition, 1o the foregoing
Detatled Description, it can be seen that various features are grouped together in
various embodiments for the purpose of streamlining the disclosure. This method of
disclosure 18 not to be interpreted as reflecting an intention that the claimed
embodinments require move features than are expressly recited in each claim. Rather,
as the following claims reflect, inventive subject matter lies in less than all features of
a single disclosed embodiment. Thus the following claims are hereby incorporated
1nto the Detailed Description, with each claim standing on its own as a separately

claimed subject matter.



May 28, 2018 01:50 PM To: 18199532476 Page 6/10 From: Perry+Currier Inc. Currier+Kao LLP

CLAIMS

What is claimed is:

1. A system for ultrasonic locationing, comprising:

a plurality of transmitters, each of the plurality of transmitters operable to emit a first audio
signal and a second audio signal, the first audio signal being an ultrasonic burst emitted ata first
frequency, the second signal being emitted at a second frequency that is different from the first
frequency; ' ‘ ' ’

a controller communicatively coupled to each of the pluralityb of transmitters, the controller

operable to:
instruct each of the plurality of transmitters to enﬁt the first audio signal pursuam
to a predefined scheduling sequence;
’determ'ine an interference effect of the second audio signal on the first audio signal;
based on the interference effect, determine an interference parameter for the second

audio signal, the interference parameter causing an avoidance of an interference

between the first audio signal and the second audio signal; and

 instruct at least some of the plurality of transmitters to emit the second audio signal
pursuant to the interference parameter; and '

a mobile device communicatively coupled to the controller, the mobile device being

operable to receive the first aydio signal and communicate a receipt of the first audio signal to the

controller.

2. The system of claim 1, wherein the second ﬁequency is ultrasonic.

3. The system of claim 1, wherein the second frequency is audible.

4, The. system of claim 1, wherein the controller is further operable’ to 'determine the

interference effect of the second audio signal on the first audio signal emitted pursuant to the

predefined scheduling sequence.

15
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5. The system of claim 1, further comprising an input device coupled to the controller,
wherein an input supplied from the input device triggers the controller to schedule the transmission

of the second audio signal, the second audio signal containing"information related to the input.

6. The system of claim 5, wherein the input is at least one of a camera a wireless
communication interface, a radxo frequency identification reader, an alarm, a sensor, a timer, and

an audio interface.,

7. The system of claim 5,

wherein the input device is a camera,

wherein the input is a gesture from a user, the gesture being recognizable by the controller,
and |

wherein the controller is bperable to schedule the transmission of the second audio signal
containing information in audible form, the information including directions for the user to take in

response to the input.

8. The system of claim 7, wherein the user is at a location, the location being

recognizable by the controller, and wherein the directions are based at least in part on the location.

9. The system of claim 5,

.wherein the input device is a camera,

wherein the input is a presenting an object to the camera, the object being recognizable by
the controller, and

wherein the controller is operable to schedule the transmission of the second audio signal
containing information in audible form, the information including at least one of a price of the

object, a quantity of the object in stock, and acknowledgement to replenish the stock of the object.

10.  The system of claim 5, ’

wherein the input device is a radio frequency identiﬁcaﬁon (RFID) reader,

wherein the input is a placing an object near the RFID reader to be read by the RFID reader,
the object being recognizable by the controller, and

16
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wherein the controller is operable to schedule the transmission of the second audio signal
containing information in audible form, the information including at least one of a price of the

~ object, a quantity of the object in stock, and acknowledgement to replenish the stock of the object.

11.  The system of claim 5,
wherein the mput device i Is a camera,

wherein the mput is a capture of an image, the image being recogmzable by the controller,

wherein the controller is operable to schedule the transmlssxon of the second audio signal

at an ultrasomc frequency, and

wherein the moblle devxce 1s operative to change from a first state to a second state in

response to receiving the second audio signal.

12. The system of claim 11,
wherein the first state is a locked state, 7
wherein the second state an unlocked sfate,
wherein the image is that of a user, and
wherein, the controller is operable to schedule the transmlssxon of the second audio upon a

recognition of the user as an authorized user.

13 The system of claim 5,
wherein the input device is a sensor, ‘
wherein the input is an alert provided by the sensor, the alert being recognizable by the
controller,
wherein the controller is operable to schedule the transmission of the second audio si gnal

containing information related to the alert.
- 14, The system of claim 5, \
wherein the input device is an audio interface in the mobile device operable to detect a

Doppler shift in the first audio signal, the Doppler shift indicating motion of the mobile device,

wherein the input is an indication that the mobile device is moving, and
17
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wherein the controller is operable to schedule the transmission of the second audio signal,
the second audio signal containing Doppler information in an ultrasonic pulse longer than the first

audio siénal for obtaining a Doppler measurement of the ultrasonic pulse.

15, The system of claim 1, wherein the controller is further operable to:
characterize a power profile of the second audio signal, the power profile defining at least
one of a heating limit and a voltage drop limit for each of the plurality of transmitters, and
instruct the at least some of the plurality of transmitters to emit the second audio signal

pursuant to the power profile.

16.  The system of claim 1, wherein the interference parameter is at least one of a sound

pressure level, a frequency, a reverberation time, and time slot.

17. A method of providing an audio signal in a venue employing ultrasonic locationing, the

method comprising the steps of:

providing a plurality of transmitters, each of the plurality of transmitters operable to emit
a first audio signal and a second audio signal, the first audio signal being an ultrasonic burst emitted
at a first frequency, the second signal being emitted at a second frequency that is different from

the first frequency;

instructing, by a controller, each of the plurality of transmitters to emit the first audio signal
pursuant to a predefined scheduling sequence;

determining an interferenée effect of the second audio signal on the first audio signal;

based on the interference effect, determining an interference parameter for the second audio
signal, the interference parameter causing an avoidance of an interference between the first audio

signal and the sec'ovnd audio signal; and

instructing, by the controller, at least some of the plurality of transmitters to emit the second
audio si gﬁal pursuant to the interference parameter;
receiving, by a mobile device, the first audio signal; and

communicating, by the mobile device, a receipt of the first audio signal to the controller.

18

CA 2959146 2018-05-28



May 28, 2018 01:50 PM To: 18199532476 Page 10/10 From: Perry+Currier Inc. Currier+Kao LLP

18. The method of claim 17, wherein the second frequency is ultrasonic.
19. The method of claim 17, wherein the second frequency is audible.

20.  The method of claim 17, wherein the interference parameter is at least one of a sound

pressure level, a frequency, a reverberation time, and time slot.

16
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