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(57) Abstract: A system for acoustic transducer aging compensation includes following: (1 ) at least one acoustic transducer oper -
able to be driven with an adjustable drive power to output an acoustic signal; (2) a receiver with at least one microphone operable to
receive the acoustic signal and measure an amplitude of the received acoustic signal corresponding to a transmitted sound pressure
level (SPL) of the acoustic signal; and (3) a controller communicatively coupled to the emitter and receiver. The controller is oper -
able to periodically determine if the transmitted SPL has declined over time, and to direct an increase in drive power to the SPL-de -
clined acoustic transducer to compensate for the decline in received SPL.
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ACODSTIC TRANSDUCER AGRNG COMPENSATION WHH LIFE BNDICATOR

BACKGROUND
{0001} An acoustic transducer or speaker such as an ultrasonic emitter can be used to
determine the location of items that contain acounstic microphones such as an
ultrasonic receiver. For example, existing devices such as smartphones are capable of
receiving ultrasonic signals m order to establish their presence or location within a
retail, factory, or warehouse environment. The alirasonic emitter can transmit
ultrasonic energy in a short burst which can be received by an ultrasonic transducer
{microphone) 1 the ultrasonic receiver {e.g. smartphone), thereby establishing the
presence of the device within the environment,
{0002} Further, the use of several ultrasonic emitiers distnbuted within the
environment can also be used to provide a specific location of a particular device
using technigues known in the art such as triangulation, trilateration, and the hike.
However, unlike radio frequency locationing systems, ultrasonic locationing systems
suffer from particular problems related to the characteristics of ultrasonic sound
waves and their environment of use. For example, ultrasonic signals are easily
subject to noise. In particular, broadband noise events {which are typical of impact
noise) can fall within the frequency band of interest, and cannot be filtered out
without also filtering the desired signal. As a result, accurately triggering a location
measurement using an iwcoming pulse in a flight ime based locationing systent can
be difficult for amplitude based detectors if there are a ot of in-band notse events that
could result in false triggers,  Detectors of single pulses are verv susceptible to
impact noise o noise tones greater in length than the pulse period. Moreover, the
selectivity of a very short Fast Fourier Transform (FFT) or a Goertzel algonthm run
on a single pulse can be poor, i.¢e. the system is susceptible to tones at nearby
frequencies.
{00603} Theretore, ultrasonic locationing systens rely on high sound pressure level
{SPL) pulses being sent from acoustic transdacers in order to overcome the above
1ssues. Using high SPL requires high electrical powers to drive the acoustic

transducers to the necessary levels. However, this high intensity burst has been



WO 2016/028458 PCT/US2015/042796

shown to change the characteristics of the transducer during its initial burn-in time in
the early stages of its Iife until 1t settles into its normal performance. In addition, after
its setthing time, it has been shown that the transducer’s response will continue to
decline over time (change its sensitivity, impedance, etc).

[6004] Accordingly, there is a need for an improved techmique to resolve the above
issues with acoustic transducer aging. Furthermore, other desirable features and
characteristics of the present invention will become apparent from the subsequent
detailed description and the appended claims, taken in conjunction with the

accompanying drawings and the foregoing background.

BRIFF DESCRIPTION OF THE FIGURES

[0005] The accompanying figures, where like reference numerals refer to identical or
functionally sumilar elements throughout the separate views, together with the detailed
description below, are incorporated 1 and form past of the specification, and serve to
further illusirate embodiments of concepts that include the claimed invention, and
explain various principles and advantages of those embodiments.

{0006] FIG. 1 is a stmplified block diagram of a system using an ultrasonic
transducer, 1 accordance with some embodiments of the present invention.

[0007] FIG. 215 a flow diagram illustrating 2 method, in accordance with some
embodiments of the present invention,

{0008 Skilled artisans will appreciate that elements in the figures are illustrated for
simplicity and clarity and have not necessarily been drawn to scale. For exampie, the
dimensions of some of the clements in the figures may be exaggerated relative to
other elements to help to improve understanding of embodiments of the present
invention.

0009 The apparatus and method components have been represented where
appropriate by conventional symbaols in the drawings, showing only those specific
detals that are pertinent to understanding the embodiments of the present invention so
as not to obscure the disclosure with details that will be readily apparent to those of

ordinary skill 1n the art having the benefit of the description hevein,

b
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DETAILED DESCRIPTION
{0610] According to some embodiments of the present invention, an improved
technigue is described to resolve the issues with acoustic transducer aging, such as
those used for ultrasonic tocationing of a device with an ultrasonic receiver within an
environment.  The present invention resolves this difficulty by detecting the natural
changes of acoustic transducers 111 a system comprising an on board microphone and
control fogic in a back end controlier to drive various compensation mechanisms. The
outcome 1s a means to gauge the existing “life remaining” on each transducer, while
matntaimng a uniform level of system performance to the point when a service
request can be completed. The present invention is not that of a simiple feedback loop
with a microphone, but rather a detailed system approach to optimize system
performance through transducer settling, or burn in, all the way through aging to the
point of failure.
{0011} The device to be locationed and incorporating the acoustic receiver can
include a wide variety of business and consumer electronic platforms such as cellular
radio telephones, mobile stations, mobile units, mobile nodes, user equipment,
subscriber equipment, subscriber stations, mobile computers, access ternunals, remote
terminals, terminal equipment, cordless handsets, gaming devices, personal computers,
and personal digital assistants, and the like, all referred to herein as a device. Each
device comprises g processor that can be further coupled to a keypad, a speaker, 4
microphone, a display, analog-to-digiial converters, analog and digital signal
processors, and other features, as are known in the art and therefore not shown.
[0012] Various 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 {ogical 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 or

controlier. In general, components such as processors, transceivers, analog-to-digital
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converters, digital signal processors, memories, and interfaces are well-known. For
example, processing units are known to comprise basic components such as, but not
limited o, microprocessors, microcontrollers, memory cache, application-specific
integrated circuits, and/or logic circuitry. Such components are typically adapted to
implement algorithms andfor protocols that have been expressed using high-level
design languages or descriptions, expressed using computer instructions, expressed
using messaging logic flow diagrams.

{0013] 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 g system that has been
adapted, in accordance with the desenption herem, to implement various
embodiments of the present invention. Furthermore, those skilled in the art will
recogize that aspects of the present ivention may be implemented in and across
various physical components and none are necessarily imited to single platform
implementations. For example, the memory and control aspects of the present
invention may be implemented in any of the devices listed above or distributed across
such components.

[0014] FIG. 115 a block diagram of an ultrasonic locationing system osing an
(ultrasonic) acoustic transducer or speaker, in accordance with the present ivention,
Although an ultrasonic sysiem s demonstrated heretn, it should be recognized that the
present invention as also applicable to audible systems. In the embodiment described
herein, the emitter 100 emits the acoustic signal at a frequency of 19-22 kHz in one
ultrasonic frequency burst, although it should be realized that other audible or
ultrasonic frequencies could be used. In the embodiment shown, one or more ceiling
mounted devices emit an acoustic signal which is used by a mobile device acoustic
recetver and/or backend controller to locate the mobile device. However, it should be
recognized that the present invention works equally well for one or more acoustic
receiver(s) mounted on the ceiling that receive pulses emitted by an acoustic speaker

of the mobile device so that the backend controller can locate the mobile device.
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[0013] As shown, an (ultrasonic) acoustic transducer such as a piezoelectric speaker
or emitter 106 can be implemented within a cerling mounted device 106, The emitter
can send an acoustic signal 140 {e g. a two millisecond frequency burst of altrasonic
sound) within the environment. A controller/processor 102 can also be coupled to a
wireless local area network interface 184 for wireless communication with other
devices in the communication network 120 such as g backend controller 130 that can
control the ulirasonic emitter 180 remotelv. Alternatively, the controller/processor
102 could be connected to the communication network 120 through a wired interface
connection {not shown), such as an Ethernet interface counection.

[0616] The wireless communication network 124 can include tocal and wide-area
wireless networks, wired networks, or other IEEE 802,11 wireless communication
systems, including virtual and extended virtual networks. However, it shoudd 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 802,11, 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.

{0017} An ulirasonic receiver 100 or 110 includes a transducer such as an ultrasonic
microphone 116 that can respond to the scoustic signal 140 transmitted from the
ultrasonie emitter 106, The microphone 116 receives the acoustic signal 148 and
converts it to an electrical signal 118 for processing by a processor 102, 112, which
can measure an amplitude of the electrical signal 118 that correlates to an amplitude
of the emitter acoustic signal 140, The processor 102, 112 can include a receiver
circuit including an analog-to-digital converter that converts the signal 118 into a
digital waveform that is fed to a digital signal processor (as is known in the art and
not shown for the sake of brevity). The digital signal processor functions as a pulse
detector that will first run an amplitude based detection algonithm for a band of
frequencies of interest, e.g 19-22 kHz This detection algorithm could be a Goertzel

algorithm, a short FFT, sliding DFT, envelope detection, or any other known
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technique. The receiver processor 102, 112 can also be coupled to a wireless local
avea network mterface 104, 114 for wireless communication with other devices in the
commumcation network 128, In accordance with the present invention, the ultrasonic
receiver used to measure the amplitude of the emitted acoustic signal preferably can
be incorporated into the emitting device 180 or could be tmplemented into another
device such as a mobile device 110,

{0018] In order to provide locationing ability, using irilateration and/or time-of-armval
techniques for example, the maobile device recetver 110 can receive pulses from
plurality of emitters at known locations within the envivonment and s able to
discruminate between different arrival times of particular ultrasonic pulses. The
backend controller can control the transmission timing of the pulses emitied by each
emiiter. As the location of the emitters 106 is known and fixed, and the pulse
transmission times of each emitter are known by the backend controlier, & signal
recetved by these emitters can be used to locate and track the position of the mobile
recetver device 110 using: tume difference of arrival (TDOA) at the microphone,
trilateration, multilateration, or other suitable locationing techniguoes, as are known in
the art.

[0019] In operation, the present invention provides acoustic transducer aging
compensation by first establishing a drive power operating range of the acoustic
transducer (1.¢. speaker or emitter). The minimum of this range is determined
empirically to provide an acoustic signal with an SPL that can just be detected over
the noise floor, and the maximum of this range is the maximum SPL designed drive
point of the transducer. This operating range can be stored in the backend controlier
130 and optionally the emitter controller 102, The backend controlier will instruct
{through the network 120 and wireless interface 104) the emitter controller 102 to
provide a signal 108 to drive the transducer 106 at an initial drive power to output an
acoustic signal 140 at a predetermined SPL. The initial power can be a minimum
power allowing acceptable operation of the locationing system, which can be
determined empirically.

[0020] The ultrasonic microphone 116 resident with the ultrasonic emitter 100 {or

alternatively the nyicrophone of another device 1168} will receive the acoustic signal
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146 and measure an amplitude of the acoustic signal that corresponds to a transmitted
SPL of the acoustic signal cutput from the transducer 106, which is then reported
back {0 the backend controller 130 via the wireless interface 104 and network 120, In
this way, the backend controller 130 can periodically monitor the transmitted SPL of
the acoustic signal output from the transducer and compare this to a given input drive
power, in order to determine if the transmitted SPL 1s declining with respect to the
mput drive power over time. Alternatively, the backend controlier 130 can
periodically monitor the transmitted SPL. of the acoustic signal output from the
transducer and compare this to a previous transmitted SPL, in order to determine it
the transmitted SPL 1s declining over tune. During monitoring, the backend controller
can also provide an emitter “life indicator” to a system operator so that the system
operator can plan maintenance or replacement of the emitter/transducer.

[0021] Over time, and due to initial bregk-in and aging, the emitter output SPL will
start to degrade. The backend controller 136 will monitor this SPL degradation and
direct the emitter controtler 182 to increase electrical ditve power 108 to the
transducer 106 in order to compensate for the decline in transmitted SPL. The
backend controller will also reduce the life indicator accordingly. It is envisioned that
the backend controlier will increase the electrical drve power to maintain a constant
SPL. as the transducer degrades with time. This process of monitoring SPL
degradation and increasing drive power by the backend controller will continue until
the acoustic transdacer 1s no longer able to be compensated and a detected SPL. drop
ensues. For example, the transducer 1s being driven at its maximum operating range
or at a level where an increase in drive power resulting in no increase in SPL,

{06221 Upon reaching this point of diminishing SPL, the backend controlier will
provide a separate servicing alert, such as a yellow alert for example, 1o the system
operator indicating that the transducer will need servicing scon and SPL is expected
to continue 1ts decline. As output SPL continues to decline the backend controfler can
perform the following additional compensations to maintain performance, i
accordance with the present invention,

{6023} Since the backend controller 1s also locating the particular mobile devices with

respect to the known locations of the emitters, the backend controller will know if a
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particutar mobile device is within range of a degraded emitter. Therefore, the
backend controller can instruct any mobile devices within a transmission area of the
affected speaker to lower Us receiver detection threshold for acoustic signals from the
affected speaker during signal transmission times on that speaker alone. In particular,
the amount of the threshold reduction can be set to compensate for the analogous
decline in SPL measured from that speaker. This should result in no change in svstem
performance assuming the new detection threshold 1s not exceeded by the noise floor.
In other words, the mobile device has a mintmum receiver detection threshold just
above the noise floor, where the mobile device can still barely detect the acoustic
signal from a particular emitter. The backend controller will also reduce the life
mndicator accordingly.

[0024] Once the backend controller determined that the transducer has reached an
SPL below which is considered unusable by the mobile devices, 1.¢. at the minimum
receiver detection threshold, the fransducer is turned off and the backend controller
will provide a second separate servicing alert; such as a red alert for example, to the
system operator indicating that the transducer needs immediate servicing. Before
servicing s complete, the loss of this fransducer can be incorporated into a system
scheduler of the backend controller to change and optimize a transmission schedule of
the remaming emitters without 1. This will allow the system o turn off the alfected
emitter and continue to operate the system while waiting for servicing by the system
operator. This can include changing the pulse timing and drive levels of each
remaining emitter in order to provide extended coverage in the affected area of the
SPL-~declined acoustic transducer,

[0025] FIG. 2 is a diagram illustrating a method for acoustic transducer aging
compensation, according to some embodiments of the presentinvention,

[0026] A first step 200 includes establishing a drive power operating range of the
acoustic transducer,

{00271 A next step 201 includes driving at feast one acoustic transducer with an

adjustable drive power 10 cutput an acoustc signal.

hae)
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[0028] A next step 202 includes monitoring the acoustic signal and measuring an
amplitude of the acoustic signal to determine a transmitted sound pressure level (SPL)
of the acoustic signal.

[0029] A next step 203 includes comparing the received SPL to previous SPL values
or alternatively the drive power over time.

[0030] A next step 204 includes determining 1f the received SPL has declined with
respect to previous SPL values or alternatively the input drive power over time. I not,
returging to the driving step 201,

[0031] Otherwise, if the recerved SPL has dechned over time, determining 2606 if the
acoustic transducer is beinyg driven at a maximum drive power of the operating range
or at a level where an increase in drive power resulting in no increase in SPL. if the
acoustic transducer 1$ not being ditven at a maximum drive power of the operating
range, a next step 208 includes directing an increase 1n drive power to the SPL-
declined acoustic transducer to compensate for the decline 10 received SPL, and
refurning to the drtving step 201, This directing step can include providing a life
indicator to a system operator showing the decline in received SPL for the SPL-
declined acoustie transducer.

{0032} If the acoustic transducer is being driven at a maximuom drive power | a next
step 210 includes providing a first servicing alert to a system operator indicating that
the acoustic transducer will need servicing, In addition, if it 15 determined 212 that a
receiver detection threshold 1s not at a mintmum, 1nstructing 214 the recetver to fower
its recetver detection threshold for the acoustic signal from the SPL-declined acoustic
transducer if it is within a transmission area of the SPL-declined acoustic transducer
only during signal transmission tunes of that acoustic transducer to compensate for
the decline 1 SPL from that acoustic transducer, and in any case returning to step 201,
However, it it is determined 212 that the receiver detection threshold is at & minimumn,
providing 216 a second servicing alert indicating that the acoustic transducer needs
immediate servicing, turning off the SPL-declined acoustic transducer, and changing
the transnussion schedule of remaining enutters.

{0033} Advaniageously, the present invention provides a technique for establishing a

constant level of performance in an acoustic transducer as the transducer’s
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performance degrades over time. It also provides a system operator with an indication
of the remaining life of the transducer so that eventual maintenance can be scheduled
in advance of system faitare.

[0034] In the foregoing specification, specific embodiments have been described.
However, one of ordinary skill in the art appreciates that various 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 in an
iHlustrative rather than a restrictive sense, and all such modifications are intended to be
included within the scope of present teachings.

[0035] 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 net
to be construed as a critical, required, or essential features or elements of any or all
the claims. The mvention 15 defined solely by the appended claims including any
amendments made during the pendency of this application and all equivalents of those
claims as issued.

[0036] Moreover in this document, relational terms such as first and second, top and
bottom, and the like may be used solely to distinguish one entity or action from
another entity or action without necessarity requiring or implying any actoal such
relationship or order between such entities or actions. The terms "comprises,”

R

having,” “includes”, “including,™ “contains”, “containing”™ or

LIS ¥ sE

“comprising,” “has”,
any other variation thereof, are intended to cover a non-exclusive inclusion, sach that
a process, method, article, or apparatus that comprises, has, includes, contains a hist of
elements does not include only those elements but may inclade other elements not
expressty listed or inherent to such process, method, article, or apparatus. An element

£

proceeded by “comprises ..a”, “has a7, “includes .27, “contains 2" does not,
without more constraints, preciude the existence of additional identical elements in
the process, method, article, or apparatus that comprises, has, includes, contains the
element. 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 understcod by one of

ordinary skill in the art, and in one non-limiting embodiment the term s defined to be

38
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within 10%, 1n another embodiment within 3%, in another embodiment within 1%
and in another emobodiment within 0.53%. The term “conpled” as used herem is
defined as connected, although not necessanly divectly and not necessanly
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.
[0037] It will be appreciated that some embodiments may be comprised of one or
more generic or specialized processors or processing devices such as miCTOProcessors,
digital signal processors, customized processors and field programmable gate arrays
and unigue stored program mstructions (Incloding both software and firmware) that
control the one or more processars to implement, in conjunction with certain non-
progessor circuits, some, most, or all of the functions of the method and/or apparatus
described heremn. Alternatively, some or all functions could be implemented by a state
machine that has no stored program instructions, or in one or more application
specific infegrated circuits, in which each fumction or some combinations of certain of
the functions are umplemented as custom logic. (O course, a combination of the two
approaches could be used.

[0838] Moreover, an embodiment can be implemented as a computer-readable storage
medium baving computer readable code stored thereon for programming a computer
{e.g.. comprising a processor) to perform a method as desentbed and claimed herein,
Examples of such computer-readable storage mediums include, but are not himited to,
a hard disk, a compact disc Read Only Memory, an optical storage device, a magnetic
storage device, a Read Only Memory, a Programmable Read Only Memory, an
Erasable Programmable Read Only Memory, an Electrically Erasable Programmable
Read Only Memory, and a Flash memory. Fusther, it is expected that one of ordinary
skill, notwithstanding possibly significant effort and many design choices motivated
by, for example, available time, current technology, and economic considerations,
when guided by the concepts and principles disclosed herein will be readily capable
of generating such software instructions and programs and integrated circuits with
minimal experimentation.

[0039] The Abstract is provided 1o allow the reader to quickly ascertain the nature of

the technical disclosure. 1t is submitted with the understanding that 1t will not be used
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te interpret or Himit the scope or meaning of the claims. In addition, in the foregoing
Detailed Description, 1t can be seen that various features are grouped together 1n
various embodiments for the purpose of streamiining the disclosure. This method of
disclosure is not to be interpreted as reflecting an intention that the claimed
embodiments require more features than are expressly recited 10 each claun. Rather,
as the following claims reflect, inventive subject matter lies in less than all features of
a single disclosed embodiment. Thus the following clanms are hereby incorporated
into the Detatled Description, with each claim standing on its own as a separately

claimed subject matter.
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CLAIMS

What s claimed 1s:

1. A system for acoustic transducer aging compensation, comprising:

at least one acoustic transducer operable to be driven with an adjustable drive

power {o output an acoustic signal;

a recelver with at least one microphone operable to receive the acoustic signal and
measure an amplitude of the received acoustic signal corresponding to a
transmitied sound pressure level (SPL) of the acoustic signal; and

a controller communicatively coupled to the enutter and recetver, the controller
operable to periodically determine if the transmitted SPL has declined over
time, whereupon the controlier is further operable to direct an increase in drive
power to the SPL~declined acoustic transducer to compensate for the decline

in received SPL.

2. The svstens of claim 1, wherein the acoustic transducer is an ultrasonic speaker,

and wherein the acoustic signal is an ultrasonic frequency burst.

3. The system of claim 1, wherein the controller is operable to compare the
transmitted SPL to a previous SPL to determine of the transmitted SPL has declined

for a wiven drive power,
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4. The system of claim 1, wherein the comtroller 1s operable to compare the
transmitted SPL to a given drive power {0 determine of the transmitted SPL has

declined with respect to an input drive power over time,

5. The system of claim 1, wherein the backend controller is further operable to
provide a lite indicator to a system operator showing the decline i received SPL for

the SPL-dechned acoustic transducer.

6. The system of claim 1, wheretn the backend controtler 1s further operable to
establish a drive power operating range of the acoustic ransducer, and determine if
the acoustic transducer is being driven at a maximum drive power, whereupon the
hackend controtler will provide a first servicing alert to a system operator indicating

that the acoustic transducer will need servicing.

7. The system of claim 1, wherein the backend controller is further operable to
determine if the acoustic transducer is being drven at a maximum drive power,
whereupon the backend controller is further operable to provide a first servicing alert

to a system operator indicating that the acoustic transducer will need servicing.

& The system of claim 7, wherein if a mobile device receiver detection threshold
15 not gt a mintmum, the backend controller 1s further operable to instruct the mobile
device receiver to lower the recetver detection threshold for the acoustic signal from
the SPL-declined acoustic transducer if 1t is within a transmission area of the SPL-

4
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declined acoustic transducer to compensate for the decline in SPL from that acoustic

transducer.

9. The system of claim 8, wherein the mobile device recetver detection threshold
for the acoustic signal from the SPL-~declined acoustic transducer is lowered only

during signal transmission times of that acoustic transducer,
10. The system of claim 8, wherein the backend controller is further operable to
determine if the mobile device receiver detection threshold is at a minimum,

whereupon the backend controller will provide a second servicing alert 10 a system

operator indicating that the acoustic transducer needs immediate servicing.

11. The system of claim 10, wherein the backend controller is further operable to
turn off the SPL-declined acoustic transdocer if the mobile device recerver detection
threshold s at a minimum, and change a transmission schedule of remaining emitters

in the svstem.

12. A method for acoustic transducer aging compensation, comprising:
driving at least one acoustic transducer with an adjustable drive power to output

an acoustic signal;
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monitoring the acoustic signal and measuring an amplitude of the acoustic signal
to deternune a transmitted sound pressure level (SPL) of the acoustic signal;
and

determining if the transmitted SPL has dechined over time; whereupon

directing an increase in drive power to the SPL-declined acoustic transducer to

compensate for the decline in transmitted SPL.

13, The method of claim 12, wherein determuning includes comparing the

transmitted SPL to the drive power over time.

14, The method of claim 12, whersin determining includes comparing the

transmitted SPL to a previous SPL.

15, The method of claim 12, wherein divecting includes providing a life indicator
o a system operator showing the decline in received SPL for the SPL-declined

acoustic ransducer.

16. The method of claim 12, further comprising:

determining if the acoustic transducer is being driven at a maximum drive power,
whereupon

providing a first servicing alert to a system operator indicating that the acoustic

transducer will nged servicing.
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17, The method of claim 16, further comprising:

determining 1f & mobile device receiver detection threshold is not at a mimimum,
whereupon

instructing the mobile device receiver to lower its receiver detection threshold for
the acoustic signal from the SPL-declined acoustic transducer if it is within a
transmission area of the SPL-declined acoustic transducer to compensate for

the decline in SPL. from that acoustic transducer.

18, The method of claim 17, wherein instructing includes lowenng the mobile
device receiver detection threshold for the acoustic signal from the SPL-
dechined acoustic transducer only during signal transniission tunes of that

acoustic fransducer.

18, The method of claim 17, further comprising:
determining if the receiver detection threshold is at a mininwunm, whereupon
providing a second servicing alert 1o a system operator indicating that the acoustic

transdocer needs immediate servicing.

20, The method of claim 19, wherein providing a second servicing alert includes
turning off the SPL-declined acoustic transduocer, and changing the

transmission schedule of remaining emitters.
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